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Abstract 

 

Dilute solution viscometry results at 25 oC are reported for five ternary solvent (1)/ 

polymer (2)/ polymer (3) systems involving Dimethyl formamide (DMF) and 

Tetrahydrofurane (THF) as solvents in poly vinyl alcohol (PVA), poly vinyl 

chloride (PVC) and poly methyl methacrylate (PMMA) and a system involving 

water (H2O) as solvent in poly vinyl alcohol (PVA) and poly sodium styrene 

sulfonate (PSSNa). Interaction parameters determined for both these ternary 

systems and binary solvent-polymer combinations were to estimate degree of 

compatibility. 

A two criteria were applied (∆bm and ∆ [η]m) and the results analyzed and compared. 

Compatibility was found for the DMF/PVA/PMMA, THF/PVA/PMMA, partially 

compatible was found for the H2O/PVA/PSSNa, but incompatibility for 

DMF/PVC/PMMA and THF/PVC/PMMA. 

The research also investigates the effect of addition of urea on the compatibility 

degree for the polymer blend. For most of the systems used in this work, it was 

found that the compatibility degree decreased with the addition of urea. 
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1.1 Polymer Fundamentals  
 

1.1.1 Historical development 

 
Polymers have been with us from the beginning of time; they form the very basis 

(building blocks) of life. Animals, plants all classes of living organisms are composed of 

polymers. However, it was not until the middle of the 20th century that we began to 

understand the true nature of polymers. This understanding came with the development 

of plastics, which are true man-made materials that are the ultimate tribute to man’s 

creativity and ingenuity. The use of polymeric materials has permeated every facet of our 

lives. 

Staudinger first proposed the theory that polymers were composed of giant molecules, 

and he coined the word macromolecule to describe them. Carothers discovered nylon, 

and his fundamental research (through which nylon was actually discovered) contributed 

considerably to the elucidation of the nature of polymers. His classification of polymers 

as condensation or addition polymers persists today. 

Today, it is possible to create polymers from different elements with almost any quality 

desired in an end product. Some polymers are similar to existing 

conventional materials but with greater economic values, some represent significant 

improvements over existing materials, and some can only be described as unique 

materials with characteristics unlike any previously known to man. Polymer materials can 

be produced in the form of solid plastics, fibers, elastomers, or foams. They may be hard 

or soft or may be films, coatings, or adhesives. They can be made porous or nonporous or 

can melt with heat or set with heat. The possibilities are almost endless and their 

applications fascinating [1]. 

 

1.1.2 Basic concepts and definitions  

 

The word polymer is derived from classical Greek poly meaning “many” and meres 

meaning “parts. “Thus, a polymer is a large molecule (macromolecule) built up by the 

repetition of small chemical units. To illustrate this, Equation 1.1 shows the formation of 

the polymer polystyrene. 
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The styrene molecule (1) contains a double bond. Chemists have devised methods of 

opening this double bond so that literally thousands of styrene molecules become linked 

together. The resulting structure, enclosed in square brackets, is the polymer polystyrene 

(2). Styrene itself is referred to as a monomer, which is defined as any molecule that can 

be converted to a polymer by combining with other molecules of the same or different 

type. The unit in square brackets is called the repeating unit. 

Notice that the structure of the repeating unit is not exactly the same as that of the 

monomer even though both possess identical atoms occupying similar relative positions. 

The residue from the monomer employed in the preparation of a polymer is referred to as 

the structural unit [2]. 

In the case of polystyrene, the polymer is derived from a single monomer (styrene) and, 

consequently, the structural unit of the polystyrene chain is the same as its repeating unit.  

 

1.2 Polymer Blends 

 

The polymer industry as we know it dates only from the first part of the nineteenth 

century, where the major industrial polymers aside from wood were natural rubber (cis-

1,4-polyisoprene) from Brazil, gutta-percha (trans-1,4-polyisoprene) from Singapore and 

Malaya from the 1840s, and natural fibers, including cellulose (cotton, linen) and protein 

(wool) fibers and leather. Many of the earliest patents involved coating fabrics and 

leather with natural rubber [3–8]. There was a gradual realization in this period of the 

usefulness, in terms of improving the properties or rubber, of introducing solid 

particulates [9–12] or chemicals such as sulfur and its compounds [12–15], which caused 

vulcanization/crosslinking. 
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It was only with the commercial appearance of gutta-percha in about 1845 [16–19] that 

there were investigations of polymer blends (gutta-percha with natural rubber).These 

were reported in patents of C.Hancock  [19, 20], A. Parkes [15] and W. Brockedon and T. 

Hancock [21] in 1846. 

Blending technology developed slowly. The third processable polymer of the nineteenth 

century was cellulose nitrate, developed by Schonbein [22] as an explosive. An 1855 

patent by Parkes [23] describes the blending of natural rubber and guttapercha with a 

solution of cellulose nitrate, and fabricating the resultant sheets for various applications. 

Cellulose nitrate was a particularly difficult material to work with because it could only 

be shaped when in solution. We find Parkes [24, 25] a decade later dissolving cellulose 

nitrate into organic oils, introducing his sulfur dichloride invention into the mix for 

crosslinking. He also used vegetable oils [20] and blended in camphor [25]. 

Further efforts to produce cellulose nitrate–camphor compounds were made in 1869–

1872 patents of Spill [26, 27] and the Hyatt Brothers [28, 29]. Camphor was useful 

because it was not volatile and did not evaporate like vegetable oils, leading to residual 

stresses in products. 

Blends involving synthetic polymers were not developed until the twentieth century. The 

first synthetic high molecular weight polymers were developed by Farbenfabriken Bayer 

in the first two decades of the twentieth century. These were the first synthetic 

elastomers. 

Polymer blends have played an important part in the ongoing development of polymer 

technology, appearing in such very different types of items as parts of road vehicles, 

aircraft, and footwear. 

Blending offers considerable opportunities to “fine-tune” the properties of a material to 

the application required of it in the minimum time with the least amount of labour and it 

can be used to achieve property enhancement much more economically than via 

synthesizing a completely new polymer [30]. This begs the question as to why blended 

polymers have not been widely available over most of the lifetime of the polymer 

industry [31]. The answer is that few pairs of polymers are miscible in all proportions and 

even if a thermomechanical means can be found to force two different polymers together. 
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The resultant materials may not have acceptable physical properties due to internal 

incompatibilities. In many cases the resultant material consists of two discrete phases 

with a sharp interface between them and high interfacial tension at the microscopic level 

[32]. Poor mechanical properties are the usual result of this weak adhesion between the 

two polymeric components. 

An example of a pair of polymers miscible in all proportions is polyethylene (HDPE) and 

polypropylene (isotactic). It is interesting to examine how characteristic properties of the 

two polymers, melting points(Tm), enthalpy of melting(∆Hm) and degree of 

crystallinity(%) for each of the individual components changes as the composition of the 

blend is varied.  

Almost all pairs of polymers are immiscible because the molecularly mixed state is 

thermodynamically unfavourable compared to that of the separated molecules. The 

common basis of this is that the enthalpy of mixing (reflecting the strengths of 

interactions between the two sorts of molecules) tends to be unfavourable whereas the 

compensation coming from the entropy term (originating in the increase in degree of 

disorder on mixing of different molecules) is small when the molecules concerned are 

very large[33]. There is little that can be done to alter the entropy situation but there are 

several strategies to strengthen the cohesive forces between the two sorts of molecules, 

thus compatibilizing the polymers concerned when the extent is sufficient. 

 

1.3 Polymer in Solution 

 

Polymers usually dissolve in two stages. First the materials tend to swell and form gels. 

The gels then tend to disintegrate into true solutions. Agitation only speeds up the process 

in the second stage. Chains held together by crosslinks will only swell. Crystallinity or 

strong hydrogen bonding might also keep some polymeric materials from dissolution and 

the materials only swell [2]. 
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1.3.1   General rules for polymer solubility 

 

1. Like dissolve like, that is, polar solvents will tend to dissolve polar polymers and 

nonpolar solvent will tend to dissolve nonpolar polymers. 

Chemical similarity between the polymer and the solvent is a fair indication of solubility; 

for example, poly(vinyl alcohol) or PVA, will dissolve in water, and polystyrene or PS, 

will dissolve in toluene, but toluene will not dissolve PVA and water will not dissolve 

PS, most polymers will also dissolve in their monomer. 

2. In a given solvent at a particular temperature, the solubility of a polymer will decrease 

with increasing molecular weight. 

3.  a. crosslinking eliminates solubility (swelling is the best the polymer can do); only 

linear or branched polymers can be dissolved. 

b. crystalinity, in general, acts like crosslinking, but it is possible in some cases to find 

solvent strong enough to overcome the crystalline bonding forces and dissolve the 

polymer. Heating the polymer toward its crystalline melting points also leads to solubility 

in appropriate solvents. For example, nothing dissolves polyethylene at room 

temperature. At 100 
0
C, however, it will dissolve in a variety of aliphatic, aromatic, and 

chlorinated hydrocarbons. 

4. The rate of polymers dissolution in a solvent decreases with increasing molecular 

weight. For reasonably high molecular weight polymers, it can be orders of magnitude 

slower than for nonpolymeric solutes (and could take days for highly entangled polymer 

chains to eventually dissolve). 

It is important here that items 1, 2, and 3 are equilibrium phenomena and can be 

described thermodynamically (at least in principle), while item 4 is a rate (or kinetic) 

phenomenon and is governed by the rates of disentanglement and diffusion of polymer 

chains in the solvent [35]. 
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1.3.2 Polymer – solvent and polymer – polymer interactions 

 

It is well known that the ability of a polymer to interact with a particular solvent entails 

important consequences in the behavior of the polymeric systems. For instance, under 

specific conditions of temperature and concentration a polymer-solvent system can give 

rise to associations, intermolecular complexes, aggregates or physical gels [36-39]. These 

polymer-solvent superstructures present a combination of structural characteristics and 

properties which make them suitable for multiple technological applications [40, 41]. 

It is well known that polymer-solvent interactions in dilute and semidilute solutions also 

determine the physical and chemical properties of the polymer solutions. However, few 

studies exist about how the polymer-solvent interactions can affect the nature and 

properties of copolymers obtained by modifications reactions of homopolymer in solution 

media, as well as the kinetics of the reaction. 

The copolymer glass transition temperature can be predicted as a function of chain 

flexibility, i.e., copolymer composition, composition distribution and stereoregularity, 

taking into account other factors as the molecular structure or supermolecular 

organization of the system [42-46]. 

During the last years, arrange of new studies on polymer thermoreversible gels has 

emerged: on the one hand investigations in the field of analysis of molecular structure 

and gel formation and, on the other, studies concerning the mechanical properties and the 

numerous applications of those materials [47]. Nevertheless, until recent years, a 

systematic study of the influence of the polymer microstructure, the solvent type and the 

relations between them, has not been carried out, except for few examples [47,48], even 

though polymer gels arise as a consequence of polymer-solvent interactions. 

Gels with special properties may be obtained by the inclusion within the polymer 

network of components with specific properties or by the replacement of the solvent by 

air (aerogels) [49] or by a reactive solvent (interpenetrating networks) [50]. 
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The dissolution of a polymer is generally a slow process, which can take even several 

weeks, depending on the structure and the molecular weight of a given polymer. 

When a low molecular weight solute such as sucrose is added to water, the dissolution 

process takes place immediately. The sugar molecules leave the crystal lattice 

progressively, disperse in water, and form a solution. 

But polymer molecules are rather different. They constitute long chains with a large 

number of segments, forming tightly folded coils which are even entangled to each other. 

Numerous cohesive and attractive both intra and intermolecular forces hold these coils 

together, such a dispersion, dipole-dipole interaction, induction, and hydrogen bonding 

(Figure 1a). 

Based on these features, one may expect noticeable differences in the dissolution 

behavior shown by polymers. Due to their size, coiled shape, and the attraction forces 

between them, polymer molecules become dissolved quite slowly than low molecular 

weight molecules. Billmeyer Jr. (1975) points out that there are two stages involved in 

this process: in the first place, the polymer swelling, and next the dissolution step itself 

[51]. 

When a polymer is added to a given solvent, attraction as well as dispersion forces begin 

acting between its segments, according to their polarity, chemical characteristics, 

and solubility parameter. If the polymer-solvent interactions are higher than the polymer-

polymer attraction forces, the chain segment start to absorb solvent molecules, increasing 

the volume of the polymer matrix, and loosening out from their coiled shape (Figure 1b). 

Then, the segments are now "solvated" instead of "aggregated", as they were in the solid 

state. 

The whole "solvation-unfolding-swelling" process takes a long time, and given it is 

influenced only by the polymer-solvent interactions, stirring plays no role in this case. 

However, it is desirable to start with fine powdered material, in order to expose more of 

their area for polymer-solvent interactions. 
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When crystalline, hydrogen bonded or highly cross-linked substances are involved, where 

polymer-polymer interactions are strong enough, the process does stop at this first stage, 

giving a swollen gel as a result. 

If on the contrary, the polymer-solvent interactions are still strongly enough, the 

"solvation-unfolding-swelling" process will continue until all segments are solvated. 

Thus, the whole loosen coil will diffuse out of the swollen polymer, dispersing into a 

solution. At this stage, the disintegration of the swollen mass can be favored by stirring, 

which increases the rate of dissolution. 

However, once all the chain segments have been dispersed in the solvent phase, they still 

retain their coiled conformation, yet they are now unfolded, fully solvated, and with 

solvent molecules filling the empty space between the loosen segments. Hence, the 

polymer coil, along with solvent molecules held within, adopts a spheric or ellipsoid 

form, occupying a volume known as hydrodynamic volume of the polymer coil (Figure 

1c). 

The particular behavior shown by polymer molecules, explains the high viscosity of 

polymer solutions. Solvent and low molecular weight solutes have comparable molecular 

size, and the solute does not swell when dissolving. Since molecular mobility is not 

restricted, and therefore intermolecular friction does not increase drastically, the viscosity 

of the solvent and the solution are similar. But if the molecular size of polymer solutes is 

much bigger than that of the solvent. In the dissolution process such molecules swell 

appreciably, restricting their mobility, and consequently the intermolecular friction 

increases. The solution in these cases, becomes highly viscous [51-54]. 
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Fig.1. Schematic representation of the dissolution process for polymer molecules 
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Polymer blend have recently received much attention in connection with developing new 

composite materials. In blending systems, compatibility of polymers is very important 

since compatible polymer blends show the properties of both original polymers, but most 

of the polymers are known to be incompatible each other. Accordingly, the usefulness of 

a polymer is increased when the polymer is compatible with other polymers. In order to 

give high compatibility to polymers, it is effective to introduce polar groups in the 

polymers for interaction between functional groups of them, and polymer homologues of 

aprotic polar solvent (aprotic polar polymers) can be candidates for such polymers. 

Poly (methyl methacrylate) is famous as a polymer homolog of aprotic polar solvent of 

dimethylacetamide (DMA), and in fact, it is known to show good compatibility with 

DMF-soluble commodity polar polymers such as poly (vinyl chloride) and poly 

(vinylidene fluoride). 

Thus, it is important to expand the scope of the notion of aprotic polar polymers in order 

to prepare highly compatible polymers. 

The word miscibility and compatibility must be carefully defined. Miscibility is a 

thermodynamic concept and implies homogeneity at the molecular level in the usual 

thermodynamic sense, whereas compatibility indicates important in properties of the 

blend. Thus blends can be compatible without necessarily being miscible. 

The viscosity study on ternary system of two different polymers and solvent has been a 

subject of continuing interest, mainly due to its simplicity and importance in the 

characterization of the intermolecular interaction between the two different polymers in 

solution [55-75]. 

The molecules of two polymers, when reaching the point at which the distance between 

dispersed molecules in dilute solution is of the order of their diameters, will undergo 

strong mutual attraction or repulsion according to their compatibility. These interactions 

between molecules lead to changes of the effective hydrodynamic volume of the 

molecules, which will influence the viscosity [76]. 
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In miscible polymeric blends, there are often specific interactions between groups or 

polymers segments that lead to a decrease of the Gibbs energy of mixing. While miscible 

polymer blends present only one phase, immiscible blends present separated domains. 

The final properties of polymer blends are directly related to the degree of their 

miscibilities. The majority of known polymeric mixtures are immiscible. However, 

several miscible polymeric blends have been found, especially in the last two decades 

[77]. 

The widespread potential applications for the polymer blends has led in recent years 

to an increasing research effort on miscibility as well as on the phase separation 

process [78]. The miscibility of polymer blends is dependent on the solvent used to 

dissolve the polymers and on the concentration range of the mixture, among other 

factors [79].  

Early work on using solution viscosity for probing the interacting polymer systems was 

reviewed by Olabisi et al. Since then, a few relevant procedures have been proposed. 

Dondos et al. have observed a sharp crossover in the plot of reduced viscosity vs. 

concentration for the immiscible blends of poly (methyl methacrylate) 

(PMMA)/polystyrene (PS) and PS/poly (ethylene glycol) [80]. In contrast, binary poly 

blends prepared by mixing acrylonitrile butadiene-styrene terpolymer (ABS) with various 

grades of poly (vinyl chloride) (PVC) always result in linear reduced viscosity-

concentration relationships over the entire concentration range of interest and 

independent of the phase behavior of the mixtures [81]. 

Another method employing a viscosity-composition plot is purely empirical, and 

hence should be dealt with caution. In this work, a useful parameter is derived to 

determine polymer-polymer miscibility [82]. 

Poly (vinylidene fluoride) (PVDF) is known to possess piro- and piezo- electric 

properties and has been extensively studied in the solid state to relate its structure to 

its properties [83]. 
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The study of this polymer and its blends in solution have been scarcely reported; perhaps 

due to several difficulties such as low increments of index of refraction dn/dc in 

dimethylformamide (DMF) and dimethylacetamide (DMA), possible dehydrofuorination, 

presence of microgel and low solubility at room temperature in most solvents [84]. 

The compatibility of poly (vinyl chloride) (PVC) with poly (ɛ-carbolactone) (PCL) has 

been thoroughly investigated by a number of techniques [85-91]. It was found that PVC 

and PCL are compatible over the whole range of composition. The specific interaction 

between the carbonyl groups of PCL and the α-hydrogen of PVC is responsible for 

PVC/PCL compatibility [91]. 

In the plot of reduced viscosity against concentration, the slope of the curve may 

decrease or increase according to the compatibility of the polymers. This change of 

slope in a ternary system can be used as a criterion to determine polymer–polymer 

compatibility. The effectiveness of this criterion is verified by the results on the poly 

(vinyl chloride) (PVC) - poly (ɛ-carbolactone) (PCL) with different weight ratios in 

N, N-dimethylformamide (DMF) system at 250C. It was found that for all cases there 

exist a positive deviation from linear relationship at low concentration. The change in 

the slope of the curve may be attributed to the mutual attraction of macromolecules in 

solutions. 

The viscometric behavior of poly-2-vinylpyrilidone (PVP), poly (methyl methacrylate) 

(PMMA) and their mixture in dioxane has been thoroughly investigated by Williamson 

and Wright[64]. It was found that at low concentration (C<0.24 g/dL), the Ƞsp/C of 

mixtures of PVP and PMMA is larger than that of either PVP or PMMA. The explanation 

may be that the mutual interaction of PVP and PMMA in dioxane is large and the mixture 

is compatible. 

In fact, the mutual interaction of poly(acrylic acid) (PAA) and poly(vinyl alcohol) (PVA) 

in water is so strong that, in the whole range of concentration investigated (0-1.0 g/dL), 

the Ƞsp/C of mixtures of PAA and PVA is larger than that of either PAA or PVA, that 

indicate the mixture is compatible. 
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Since the two polymers are dissolved in the common solvent and their hydrodynamic 

volume and configuration are greatly affected by the solvent selected, polymer-

solvent interactions may also play a key role in characterizing the viscosity behavior 

in ternary systems, to which little attention has been paid. Dondos et al. have 

discussed the viscosity behavior of polystyrene (PS)-poly (ethylene glycol) (PEG)-

benzene system at 200C. It was found that in both cases, a negative deviation for the 

linear relationship at low concentration in the plot of reduced viscosityȠsp/C vs. 

concentration was observed. The repulsive interaction of incompatible polymers in 

solution is responsible for the results. 

Polymer-polymer compatibility has been extensively studied by several techniques 

such as differential scanning calorimetry, dynamic mechanical measurements, neutron 

scattering, inverse gas chromatography, electron microscopy, light scattering and 

others. Most of them are experimentally demanding and time-consuming techniques. 

For these reasons, an alternative, simple and reliable method to analyze polymer-

polymer miscibility in solution is the viscimetric technique. 

The miscibility of polymers is often due to strong intermolecular interactions like 

hydrogen bonding [92-94]. In this way, viscometry is an interesting technique and has 

provided some important contributions concerning polymer-polymer miscibility [95]. 

Viscometry is an inexpensive technique, and has also been used in polymer science to 

determine the molecular weight and its distributions [96] or branching degree [97, 

98]. It is also sensitive for evaluating interactions in polymer solutions [99-101]. 

For a ternary system formed by solvent (1)/polymer (2)/ polymer (3), the intrinsic 

viscosity of the mixture, [Ƞ]m denotes the coil dimensions which can be altered by a 

contraction or expansion of the coil whether the interactions between unlike polymer 

segment are attractive or not. Likewise, the viscometric interaction parameter, bm 

characterizes the overall interaction between like chains of both polymers, and can be 

used to determine polymer-polymer compatibility. 
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Such an easy method has been applied, with different theoretical approaches, to study 

polymer blends in solution since the fifties, and over wide range of system. Among 

them, it is worth mentioning the research carried out on systems formed by neutral or 

uncharged polymers in organic solvents [102-107]; complex mixtures of polymers 

and microemulsion [108]; neutral and water-soluble polymers in water [109]; 

mixtures of polyanions in aqueous solvents (salt-free water with added electrolytes) 

[110-113], as well as recent study of mixtures of neutral and charged polymers. 

 

1.4  The Dilute Solution  

 

The number of parameters that have influence on the flow behavior of a polymer 

solution is, enormous and makes it difficult to interpret the viscometric 

measurements. For this reason, viscometric measurements are carried out with dilute 

sample solutions to minimize the interactions of the single polymer molecules. In this 

case, only the interactions between the polymer and the solvent are determined. 

The polymer molecules are isolated from each other in solution. They take on the 

statistically most likely conformation and form a coil. The dimension of this coil in 

dilute solution is what affects the viscous properties of a polymer solution. 

Despite of the regional isolation between the coils, there are interactions that take 

effect during the flow process. These interactions are only prevented when the state of 

the so-called ideal dilute solution is reached. In this case, the polymer concentration 

C→0 and the single polymer molecule only interacts with the solvent [114].  
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1.5 Viscometry  

 

 Absolute methods for average molecular weight are somewhat difficult and time-

consuming and viscometry provides a faster and cheaper method.  

Viscometry operates on the principle that on dissolution in a solvent, a polymer 

molecule increase its dimensions and becomes more viscous and hence the slower its 

movement or flow. 

Viscosity measurement are usually performed using fairly simple and basic 

equipment [113]. 

The choice of the viscometer depends on the kind of polymer, solvent and the kind of 

assignment [115]. 

 

1.5.1 Types of viscometer 

 

There are roughly three classes of viscometer available: the capillary viscosimeter, the 

rotational viscometer, and the falling-ball viscosimeter. Both the capillary and the 

rotational viscosimeters are built in different versions that allow for the exact 

determination of the viscosity in well-defined flow fields.  

Especially rotational viscometers allow the exact adjustment of a constant flow profile, 

thus are available in high precision and expensive versions as rotational rheometers 

[116]. 

Capillary viscosimeters are the best compromise between the exact determination of 

viscosity and a well-priced measurement device, and are therefore the most commonly 

found type of viscosimeters. Both rotational and capillary viscosimeters are available in 

simple and inexpensive versions as Brookfield viscosimeters and flow cups. 
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These instrument do not have a defined flow profile and cannot be used to determine an 

exact viscosity, but are widely used in quality control and management.  

Falling-ball viscometers are also relatively simple measurement devices with an 

undefined flow profile, but allow for a determination of the viscosity after a calibration 

with standard fluids. 

Capillary viscosimeters belong to the type of effluent viscosimeters. They are the most 

commonly used viscosimeters for the determination of the intrinsic viscosity. 

Different capillary viscosimeters are shown in Fig.1.2.  

The flow of the examined liquid sample is achieved through gravity. The sample flows 

under its own weight through a known capillary length L with a defined radius R. The 

running times of a known sample volume between two measurement point (M1 and M2) 

are measured.  

With the help of these running times, the kinematic viscosity can be calculated. In 

contrast to other type of viscometers, the temperature in capillary viscosimeters can be 

well regulated, because the entire closed capillary can be immersed in a water bath. 

 For the Ostwald viscosimeter shown in Fig.3.1a it is important that an exact amount of 

the sample is filled into the device, since the hydrostatic pressure depends on the filling 

level. 

 When different filling levels are used, different running times are measured for the same 

sample [117].   
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Fig.1.2 a-d. Different types of capillary viscometer: 

a Ostwald viscosimeter; b Ubbelohode Viscosimeter; 

c cannon-fenske viscosimeter; d multi-level viscosimeter; 

For different average heights h and different average shear rates in one experiment. 
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 The Simple rotational viscosimeter have a coaxial cylinder system with a cup with inner 

radius Ra and a cylinder with an outer radius Ri and a length h, that is lowered into the 

cup. For the Couette system, the outer cup is moved and the measurement of the other 

hand, the inner cylinder is moved [117-120]. 

A falling sphere viscosimeter (fig.1.3) consists of a tube with the radius R, which is filled 

with the sample solution. In this tube, a sphere with the radius r is falling through the 

sample fluid. After a short period of acceleration, the velocity reaches a constant value, 

which results from the equilibrium between frictional resistance and gravity. The time t is 

measured that the sphere needs to cover the distance L between two marks M1 and M2 

[113].  

 

Fig. 1.3.  Falling sphere viscometer 
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1.5.2 Determination of the intrinsic viscosity by viscosimetric                

         measurement 

 

 The intrinsic viscosity can be determined experimentally with the first two terms in 

Eq. (1.2). In a real polymer solvent system the state of an ideally dilute solution is 

never reached, even very dilute solutions have a finite amount of polymer. The 

second term in Eq. (1.2) captures these interactions between the single polymer coils 

in a not ideally dilute solution.  

Ƞred = Ƞsp/C = [Ƞ] + B2 . [Ƞ]
2
 . C                                                                    (1.2) 

The intrinsic viscosity [Ƞ] is determined from the y-axis intercept of a plot of Ƞsp/C 

(or Ƞred) vs. the concentration C and an extrapolation of the linear fit of the data to  

C     0.as can be seen in Fig.1.4 and 1.5. 

The relative viscosities Ƞr of a dilution series (and therefore the relation of the 

running times of the solution and the pure solvent in a capillary viscosimeter) should 

lie between 1.2 and 2.5, to assure an exact analysis. 

These limits of the relative viscosity are shown in Fig.1.5. The data points below the 

critical value of the relative viscosity of 1.2 show deviations from the linear fit and 

should not be included in the extrapolation to the y-axis for the determination of the 

intrinsic viscosity [121]. The same polymer in the same solvent can show a wide 

range of intrinsic viscosities, depending on its molar mass. 
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Fig. 1.4. Reduced viscosity Ƞred as a function of the concentration c for different molar 

masses of the polycation poly (acrylamide-co-(N, N, N-trimethyl-N-[2-methacryloethyl]-

ammonium chloride) (PTMAC) in 0.1 mol/NaNO3 solution.  

 

Fig. 1.5. viscosity Ƞred as a function of the concentration c for carboxymethyl cellulose 

(CMC) of different molar masses in 0.1 mol/l NaNO3 solution with 200 ppm NaN3 at 

T=25 
o
C. 
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Equation (1.2) is in accordance with the empirical Huggins equation. The factor B2 is 

equivalent to the product of the intrinsic viscosity squared and the Huggins constant KH: 

Ƞred = Ƞsp/C = [Ƞ] + KH . [Ƞ]
2
 . C                                                                      (1.3) 

The Huggins coefficient KH is constant for a given polymer-solvent system. However, the 

slope of the curves also depends on the intrinsic viscosity squared according to Eq. (1.3). 

Whereas for polymer samples with low molar masses and low intrinsic viscosities the 

curves almost seem to be independent of the concentration. 

For highly coild polymers, a high concentration is required to reach the desired range of 

the relative viscosity. In these concentration ranges, a deviation from the linear behavior 

can be observed. 

 The intermolecular interactions between the polymer coils lead to an additional increase 

of the viscosity and therefore to higher reduced viscosities than predicted by the Huggins 

equation. 

Therefore, the following empirical equations were developed to extend the linear range 

and to minimize the error in the extrapolation for the determination of the intrinsic 

viscosity. 

 According to the Schulz-Blaschke equation, the reduced viscosity Ƞred can be plotted as 

a function of the specific viscosity Ƞsp : 

Ƞred = [Ƞ] + KSB . [Ƞ] . Ƞsp                                                                                (1.4)                                                                                                                                 

The Kraemer equation utilizes the inherent viscosity Ƞinh : 

Ƞinh = ln (Ƞr)/C                                                                                                  (1.5) 

This result in the following equation: 

Ƞinh = [Ƞ] + KK . [Ƞ]
2
 . C                                                                                  (1.6) 
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The Martin equation (also known as the Bungenberg-de Jong equation) utilizes the 

common logarithm of the reduced viscosity: 

Log Ƞred = log [Ƞ] + KM . [Ƞ] . C                                                                     (1.7) 

The solomon-Citua equation allows for the calculation of the intrinsic viscosity from a 

single concentration: 

[Ƞ] = 2(Ƞsp - ln Ƞr) / C                                                                                  (1.8) 

The Kraemer equation as well as the solomon-ciuta equation are strictly speaking only 

valid for a Huggins constant KH = 1/3 [122]. Thus in case of doubt a linear fit should be 

obtained initially from the Huggins equation. 

There is no general recommendation for the usage of the above equations. The 

applicability of one of equations has to be tested for each polymer solution. 

Until recently the Fikentscher K was used as a characteristic value for widely-used 

polymers like poly (vinyl chloride) (PVC) or poly (styrene) (PS) in solution [122]. 

Log (Ƞr) = {[75 . 10
-6

 K
2
 / 1 + 1.5 . 10

-3 
. K . C] + 10

-3
 . K }                           (1.9) 

The parameter K was assumed to be independent of the concentration but dependent of 

the molar mass. The determination of K was carried out with a single viscosity 

measurement. In reality the Fikentscher K depends on the concentration and shows only 

small changes with the molar mass for high molar mass polymers [123]. 

It should be used only in a small and known concentration and molar mass range, for 

which the K value was determined. In all other cases, the intrinsic viscosity should be 

used as a characteristic value for polymer solvent systems. 
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1.6 Aim of this Work 

 

In our present study, using the technique of dilute solution viscometry (DSV), in the first 

part we have performed a study on the viscosity behavior of poly (vinyl alcohol) (PVA) 

with poly (methyl methacrylate) (PMMA), poly (vinyl chloride) (PVC) with poly (methyl 

methacrylate) (PMMA) in DMF and THF respectively also the study on the viscosity 

behavior of poly(acrylic acid) (PAA) with poly(sodium styrene sulfonate) (PSSNa) in 

(H2O). 

The compatibility of the mixtures is discussed in two different ways:  

(i) through the sign of ∆bm as  traditionally defined; where ∆bm ˃ 0 compatibility 

between polymers are considered and, 

(ii) Through a criteria based on the sign of ∆[Ƞ]m , where ∆[Ƞ]m˃0 incompatibility 

between polymers are considered. The intrinsic viscosity is handled as an 

excess property of the solution. 

We tried to characterize the compatibility of the polymer mixtures using FTIR technique, 

but unfortunately we did not obtain important results. 

The second part deals with the effect of urea on the compatibility for the mixture of 

PMMA with PVC and PVA in THF and DMF as solvents, and the mixture of PAA with 

PSSNa in H2O as solvent. 
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Scheme 1. Shows the structure of polymers, which used in this work 

  

 

    Poly (vinyl chloride) (PVC)                                  poly (methyl methacrylate) (PMMA) 

 

      

     Poly (vinyl alcohol) (PVA)                                            poly (acrylic acid) (PAA) 

 

 

 

Poly (sodium styrene sulfonate) (PSSNa) 
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Chapter two 

 

Theoretical part 
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Theoretical 

In the framework of the formalism developed by Krigbaum-Wall [67] and cragg-Bigelow 

[66], the reduced viscosity of a polymer i in solution follows the linear relationship given 

by the Huggins equation: 

                                                                   (2.1)                                                                                

Where     and    

Being (Ƞsp )i , [Ƞ]i , Ci , bii and KH , the specific viscosity, the intrinsic viscosity, the 

polymer concentration, the viscometric interaction parameter and the Huggins constant, 

respectively. 

For a mixture of neutral or uncharged polymers in a common solvent, the extension of eq. 

(2.1) leads to: 

  

                                                                                                            (2.2) 

 

Where the subscript “m” denotes “mixtures”. Eq. (2.2) can also be expressed in a weight-

average from since the reduced viscosity is an additive property: 

                                                                                                              (2.3) 

With wi = Ci/Cm being the weight fraction of polymer I (i=2,3).  

A combination of Eqs. (2.1) and (2.3), renders: 

                                                                                             

                                                (2.4)  
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By comparisons of Equ. (2.2) and (2.4) and i=2,3; it is deduced that: 

                                                                                                                (2.5) 

  and,  

 

                                                                                                                 (2.6) 

Generally, Eq. (2.6) is used to define the “ideal” value of the global viscometric 

interaction parameter,  , between chains of both polymers in the mixture, assuming 

for the ideal value of the specific interaction parameter    the geometric mean value of 

those parameters corresponding to the interaction between like-chain polymers , i.e.: 

                                                                                 (2.7) 

On the other hand, the experimental value of the same parameter is defined by 

parallelism as: 

                                                                                                                   (2.8) 

Where  is obtained from the slope of Eq. (2.2), and b22 and b33 are easily determined 

from the binary systems formed by polymers 2 or 3 in the solvent, respectively, through 

Eq. (2.1). 

Then, the criterion for compatibility in polymer mixtures is based on the comparison 

between experimental and theoretical or ideal b23 values [67]. 

 Thus, for   or  , compatibility between 

polymers or attractive molecular interactions are considered, whereas values of 

 or  mean incompatibility or repulsive molecular interactions. 
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 In the hypothetical case that   or  , it would signify that chains do 

not interact favorably nor unfavorably. 

Nevertheless, the theoretical formalism depicted above has two unclear points. On the 

one hand, there is an arbitrary assumption with respect to the definition of  which 

consists in calculating it by means of the geometric mean value as pointed to in Eq. (2.7). 

Some authors [104] prefer to define it as arithmetic mean value, i,e.,       

  especially for those systems in which the individual b22 or b33 

values are negative, since then the geometric mean has no mathematical sense. Therefore, 

the first drawback of the model to deal with is related to the proper definition of . 

On the other hand, and from our point of view, exists a mathematical mistake when 

developing the summation of the second term in the right-hand side of Eq. (2.4). Most 

authors make equal 
2
, which we believe is erroneous. Both 

reasons allow us to define a new viscometric interaction parameter, , by a proper 

development of the above mentioned summation, that is,  

giving that 
2
  then: 

,                                                                  (2.9) 

Compatibility if    

Incompatibility if   

Or                                                                                       (2.10) 

Furthermore, we can also propose another compatibility criterion based on the difference 

between the experimental and ideal values of [Ƞ]m , assuming that the intrinsic viscosity 

can be treated as an excess property by similarity with those of real solutions. Therefore, 

another criterion, also proposed here, will be as follows: 
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Compatibility if      

 

Incompatibility if                           (2.11)  

Where  is determined from the intercept of plots Eq. (2.2) and  calculated 

with Eq. (2.5) using the data from the binary systems gathered in table 4.5 (in chapter 4). 
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Chapter three 

Experimental part 
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3.1 Chemicals and Reagents 

 

Five different polymers have been used in this work, poly (methyl methacrylate) (PMMA 

Mw = 120,000), poly (vinyl chloride) (PVC Mw = 150.000), poly (vinyl alcohol) (PVA 

Mw = 98,000), poly (acrylic acid) (PAA Mw = 2,000), and poly (sodium styrene 

sulfonate) (PSSNa Mw = 70,000), were supplied by ALDRICH (USA). 

All polymers were used as received without further purification. Tetrahydrofurane (THF) 

and dimethyl-formamide (DMF), were used as solvents for the previous polymers, and 

distilled water (H2O) were used as solvent for (PAA) and (PSSNa) polymers. 

 

3.2 Calibration of the Viscometer  

 

The calibration was carried out by using several solvents such as methanol, n-hexane, 

water, benzene, and cyclohexane. 

12 ml of each solvents was loaded into the viscometer and then immersed in the 

thermostated bath. The elution time of the solvent is determined as the average of several 

readings.  

Table 1. Shows the calibration data of the viscometer, (see chapter 4 ). 

 

3.3 Viscometric Measurements 

 

All measurements were performed at nearly 25 ± 0.5 
o
C, with a cannon- fenske routine 

capillary viscometer equipped with a model OSK 2876 thermostated bath. 

The stock solution of each ternary or binary system was made by dissolving the polymer 

samples in filtered solvent up to concentration 0.1 g/dL. Dilutions to yield at least four 

lower concentrations were made by adding the appropriate aliquots of solvent. 
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For each solution a 12 ml sample, to minimize drainage errors, was loaded into the 

viscometer and placed in the thermostatic bath. Measurements started after an 

equilibration time of approximately 10 minutes. 

The elution time of each solution is then determined as the average of several readings. 

The dilution was stopped when the solution volumes 21 ml in the viscometer. 

 Kinetic energy corrections were taken into account for the evaluation of the intrinsic 

viscosity [Ƞ], which was determined by extrapolation to infinite dilution (zero solute 

concentration) of Huggins plots, i.e. Ƞsp/C vs C. 

For example, to load the mixture PMMA/PVC into the viscometer, 0.025g of PMMA and 

0.075g of PVC were dissolved in 10 ml solvent, THF or DMF by using a volumetric 

flask, the mixture was then loaded into the viscometer and additionally 2 ml of the 

solvent added, followed by immersing the viscometer in constant-temperature bath. 

The elution time of the solution is then determined as the average of several readings; the 

solution was diluted by the solvent until reach 21 ml in the viscometer, after each dilution 

the time is determined. 

The same procedure was repeated for the other ternary systems. For the binary system 

0.1g of one polymer (PVC or PMMA for example) was dissolved in 10 ml of the solvent 

(THF or DMF or H2O) and the same procedures above was followed. 

 

3.4  Preparation of Urea Solution 

  

0.01g of Urea were added to the sample to study the effect of urea on the compatibility of 

polymers.  

Urea was added directly to 10 ml solvent, and after it dissolved, the polymer was added. 
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Chapter four 

 

Results and Discussion 
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4.1 Calibration of the Viscometer 

 

Table 1. Shows the calibration data of the viscometer at 25 ± 0.5 
o
C [124, 125], where η 

is the viscosity of the solvent (constant), d is the density of the solvent (constant), and t is 

the time of the solvent in the viscometer required to pass a certain distance. The solvents, 

which used in the calibration, are methanol, n-hexane, Water, Benzene and Cyclohexane. 

Each of them has a different time in the viscometer. Fig. 1 shows the plot of ηt/d versus 

t
2
. Using the equation: 

                                               ηt/d = A t
2
 – B                                               (4.1) 

The intercept (-B) is equal (-1.5796) that B = (1.5796) and the slope A is equal     

(0.0429) these constants are used to calculate the reduced viscosity, as it will be discussed 

later. 

 

Table.1. calibration data of the viscometer at 25
o
C. 

Solvent η.CP Density(d) t (s) t
2 

ηt/d 

Methanol 0.544 0.786 18.1 327.61 12.53 

n-hexane 0.293 0.654 13.4 179.56 06.00 

Water 0.891 0.997 22.3 497.29 19.93 

Benzene 0.599 0.873 18.0 324.00 12.35 

Cyclohexane 0.891 0.774 28.2 795.24 32.46 
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Fig.1. Plot of ηt/d vs. t
2
 for the calibration of the viscometer 
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4.2 Binary Polymer Systems  

 

Prior to the discussion of data on polymer mixtures, it is necessary to characterize the 

viscometric behavior of each polymer separately in the solvent by means of dilute 

solution viscometry method (DSV). 

Measurement of the reduced viscosities of the binary polymer have been conducted and 

their respective plots fitted through equation (2.1). 

Tables 2, 3 and 4 gather the parameters required to calculate the reduced viscosity ηsp/C 

and concentration for the binary polymer solution (DMF/PVC, DMF/PMMA, 

DMF/PVA), (THF/PVC, THF/PMMA, THF/PVA) and (H2O/PAA, H2O/PSSNa) 

respectively. 

To calculate the reduced viscosity ηsp/C for the binary (DMF/PVC) at volume 12ml in 

DMF by using the equation of specific viscosity. 

                                                                                      (4.2) 

Where ηsp is the specific viscosity for the binary PVC, t is the time for the binary polymer 

at volume 12ml flow through a capillary viscometer and equal to 30 second (see Table 2), 

t0 is the time for the solvent (DMF) to flow through a capillary viscometer which equal to 

21.3 second, A and B are constant which calculated before by calibration, then by using 

the above equation. 

 

                                 = 0.470 
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The concentration of the PVC in 12ml DMF as solvent is 0.833 g/dL (see Table 2) so the 

reduced viscosity ηsp/C is equal: 

ηsp/C = 0.470/0.833 

         = 0.560 (dL/g) 

Fig 2, 3 and 4 show the reduced viscosity ηsp/C vs. C of the binary polymers in DMF, 

THF and H2O respectively. 

The intrinsic viscosity [η] (intercept of the plot) as well as the viscometric interaction 

parameter b (slope of the plot) for the different binary systems assayed 25 
o
C are 

compiled in Table 5 in DMF, THF and H2O as solvents respectively. 

 

Table.2.Experimental values of the reduced viscosity (ηsp/C) of the binary polymers in 

DMF as solvent.  

Polymer Wt. (g) ∆V (mL) V (mL) C (g/dL) t (s) ηsp 
ηsp/C 

(dL/g) 

PVC 0.1 

- 12 0.833 30.0 0.383 0.560 

2 14 0.714 29.2 0.427 0.598 

2 16 0.625 28.9 0.411 0.658 

2 18 0.555 29.1 0.422 0.750 

PMMA 0.1 

- 14 0.714 26.2 0.267 0.420 

2 16 0.625 26.4 0.278 0.500 

2 18 0.555 26.7 0.294 0.588 

2 20 0.500 27.3 0.326 0.652 

PVA 0.1 

- 14 0.714 23.4 0.115 0.161 

2 16 0.625 23.8 0.137 0.250 

2 18 0.555 24.5 0.175 0.315 

2 20 0.500 25.2 0.213 0.426 
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Table.3.Experimental values of the reduced viscosity (ηsp/C) of the binary polymers in 

THF as solvent. 

Polymer Wt. (g) ∆V (mL) V (mL) C (g/dL) t (s) ηsp 
ηsp/C 

(dL/g) 

PVC 0.1 

- 12 0.833 20.7 0.508 0.610 

2 14 0.714 20.4 0.482 0.675 

2 16 0.625 20.2 0.465 0.744 

2 18 0.555 20.1 0.456 0.822 

PMMA 0.1 

- 12 0.833 18.5 0.316 0.379 

2 14 0.714 18.4 0.307 0.430 

2 16 0.625 18.3 0.298 0.477 

2 18 0.555 18.4 0.307 0.553 

PVA 0.1 

- 12 0.833 18.5 0.316 0.022 

2 14 0.714 18.4 0.307 0.052 

2 16 0.625 18.3 0.298 0.088 

2 18 0.555 18.4 0.307 0.149 

 

 

Table.4.Experimental values of the reduced viscosity (ηsp/C) of the binary polymers in 

H2O as solvent. 

Polymer Wt. (g) ∆V (mL) V (mL) 
C 

(g/dL) 
t (s) ηsp 

ηsp/C 

(dL/g) 

PAA 0.104 

- 12 0.867 23.9 0.040 0.046 

2 14 0.743 24.4 0.064 0.086 

2 16 0.650 24.9 0.089 0.137 

2 18 0.578 25.5 0.119 0.206 

PSSNa 0.104 

- 12 0.867 30.9 0.381 0.439 

2 14 0.743 30.7 0.372 0.501 

2 16 0.650 30.9 0.381 0.586 

2 18 0.578 31.2 0.396 0.685 
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Fig.2. Reduced viscosity dependences on different binary systems concentration and 

Huggins linearization through in DMF as solvent. 

 

Fig.3. Reduced viscosity dependences on different binary systems concentration and 

Huggins linearization through in THF as solvent. 
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Fig.4. Reduced viscosity dependences on different binary systems concentration and 

Huggins linearization through in H2O as solvent. 
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Table.5. Intrinsic viscosity [η] and viscometric interaction parameter [b] for the binary 

polymers in different solvents at 25 
0
C. 

 

 

It is important to notice that all the binary polymers in DMF, THF and H2O have negative 

values of b, which makes it impossible to calculate the parameters with the traditional 

definitions of geometric mean value, as explained in the theoretical part. It can be 

observed that the intrinsic viscosity for PVA is always the least in THF and DMF 

solvents due to the lowest molecular weight compared to PVC and PMMA respectively. 

In accordance, the intrinsic viscosity for PAA is lower than PSSNa in H2O as solvent. 

The higher viscometric interaction parameter value in THF could be attributed that The 

polymer solvent interaction in THF is larger than in DMF, which lead to swelling of the 

polymer chains in solution and thus increases the intrinsic viscosity of the polymer 

solution. We concluded that THF is better than DMF for the mentioned polymers. 

 

 

Polymers M.W Solvents [ η ] [ b ] 

PVC 150,000 

DMF 

1.0900 -0.6578 

PMMA 120,000 1.3274 -1.3578 

PVA 98,000 1.0101 -1.2195 

PVC 150,000 

THF 

1.2237 -0.7495 

PMMA 120,000 0.8696 -0.6011 

PVA 98,000 0.3756 -0.4369 

PAA 2,000 

H2O 

0.4998 -0.5371 

PSSNa 70,000 1.1448 -0.8344 
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4.3 Ternary Polymer Systems 

 

In this section, the corresponding reduced viscosities for the assayed will be measured. 

Tables 6, 7 gather the experimental parameters including the reduced viscosity ηsp/C and 

concentration for the mixture of polymers in DMF as solvent, these mixtures are 

DMF(1)/PVA(2)/PMMA(3) and DMF(1)/PVC(2)/PMMA(3). 

 

Table.6. Experimental values of the reduced viscosity (ηsp/C)m at different weight 

fractions of PVA w2 for DMF (1) / PVA (2) / PMMA (3).  

W2 ∆V (mL) V (mL) C (g/dL) t (s) η sp 
η sp/C 

(dL/g) 

0.10 

- 12 0.833 26.2 0.267 0.321 

2 14 0.714 26.4 0.278 0.389 

2 16 0.625 26.5 0.283 0.453 

2 18 0.555 26.9 0.305 0.550 

0.25 

- 12 0.833 26.3 0.272 0.327 

2 14 0.714 26.6 0.288 0.403 

2 16 0.625 26.8 0.299 0.478 

2 18 0.555 27.1 0.315 0.568 

0.50 

- 12 0.833 25.2 0.213 0.256 

2 14 0.714 25.6 0.235 0.329 

2 16 0.625 26.1 0.262 0.419 

2 18 0.555 26.9 0.305 0.550 

0.75 

- 12 0.833 24.3 0.164 0.197 

2 14 0.714 24.6 0.180 0.252 

2 16 0.625 25.0 0.202 0.323 

2 18 0.555 25.6 0.235 0.423 

0.90 

- 12 0.833 24.1 0.153 0.184 

2 14 0.714 24.5 0.175 0.245 

2 16 0.625 24.9 0.197 0.315 

2 18 0.555 25.5 0.229 0.413 
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Table.7. Experimental values of the reduced viscosity (η sp/C) m at different weight 

fractions of PVC w2 for DMF (1) / PVC (2) / PMMA (3). 

W2 ∆V (mL) V (mL) C (g/dL) t (s) η sp 
η sp/C 

(dL/g) 

0.10 

- 14 0.714 27.5 0.337 0.472 

2 16 0.625 27.7 0.347 0.555 

2 18 0.555 28.3 0.380 0.685 

2 20 0.500 28.8 0.406 0.812 

0.25 

- 12 0.833 28.0 0.363 0.436 

2 14 0.714 27.8 0.353 0.494 

2 16 0.625 27.7 0.347 0.555 

2 18 0.555 28.1 0.369 0.665 

0.50 

- 12 0.833 28.3 0.380 0.456 

2 14 0.714 27.9 0.358 0.501 

2 16 0.625 27.8 0.353 0.565 

2 18 0.555 28.1 0.369 0.665 

0.75 

- 12 0.833 29.1 0.422 0.507 

2 14 0.714 28.7 0.401 0.562 

2 18 0.555 28.9 0.412 0.824 

2 20 0.500 29.5 0.444 0.888 

0.90 

- 14 0.714 29.2 0.428 0.599 

2 16 0.625 29.0 0.417 0.667 

2 18 0.555 29.2 0.428 0.771 

2 20 0.500 29.6 0.449 0.898 
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Figs 5, 6 depict plots of equation (2.2) for the ternary systems in DMF at different weight 

fractions for the mixture PVA/PMMA and PVC/PMMA. 

 

 

Fig.5. Reduced viscosity dependences on polymer mixture concentration and Huggins 

linearization through at different weight fraction of PVA for the ternary system DMF 

(1)/PVA (2)/PMMA (3). 

It can be seen that the viscometric interaction parameter  (slope of equation (2.2) 

table 11) for the mixture PVA/PMMA in DMF at weight fraction 0.75 has greater value 

than other mixtures makes it more compatible at this weight fraction, as it will be 

discussed later with the different compatibility criteria. 
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Fig.6. Reduced viscosity dependences on polymer mixture concentration and Huggins 

linearization through at different weight fraction of PVC for the ternary system DMF 

(1)/PVC (2)/PMMA (3). 
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Tables 8, 9 show the same parameters including the reduced viscosity ηsp/C and 

concentration for the mixture of polymers in THF as solvent, these mixtures are 

THF(1)/PVA(2)/PMMA(3) and THF(1)/PVC(2)/PMMA(3). 

 

Table.8. Experimental values of the reduced viscosity (η sp/C) m at different weight 

fractions of PVA w2 for THF (1) / PVA (2) / PMMA (3). 

W2 ∆V (mL) V (mL) C (g/dL) t (s) η sp 
η sp/C 

(dL/g) 

0.25 

- 12 0.833 17.1 0.191 0.229 

2 14 0.714 17.2 0.200 0.280 

2 16 0.625 17.3 0.209 0.334 

2 18 0.555 17.5 0.227 0.409 

0.50 

- 12 0.833 16.3 0.119 0.143 

2 14 0.714 16.5 0.137 0.192 

2 16 0.625 16.7 0.155 0.248 

2 18 0.555 16.9 0.173 0.312 

0.75 

- 12 0.833 15.5 0.046 0.055 

2 14 0.714 16.0 0.092 0.129 

2 16 0.625 16.2 0.110 0.176 

2 18 0.555 16.5 0.137 0.247 
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Table.9.Experimental values of the reduced viscosity (η sp/C) m at different weight 

fractions of PVC w2 for THF (1) / PVC (2) / PMMA (3). 

W2 ∆V (mL) V (mL) C (g/dL) t (s) η sp 
η sp/C 

(dL/g) 

0.10 

- 12 0.833 18.5 0.316 0.379 

2 14 0.714 18.4 0.307 0.430 

2 16 0.625 18.3 0.298 0.477 

2 18 0.555 18.4 0.307 0.553 

0.25 

- 12 0.833 18.8 0.342 0.410 

2 14 0.714 18.7 0.334 0.468 

2 16 0.625 18.6 0.325 0.520 

2 18 0.555 18.7 0.334 0.602 

0.50 

- 12 0.833 19.3 0.386 0.463 

2 14 0.714 19.0 0.360 0.504 

2 16 0.625 18.9 0.351 0.562 

2 18 0.555 19.1 0.369 0.665 

2 20 0.500 19.4 0.395 0.730 

0.75 

- 12 0.833 19.9 0.439 0.527 

2 14 0.714 19.6 0.412 0.577 

2 16 0.625 19.4 0.395 0.632 

2 18 0.555 19.6 0.412 0.742 

2 20 0.500 19.9 0.439 0.878 

0.90 

- 12 0.833 19.6 0.412 0.494 

2 14 0.714 19.3 0.386 0.541 

2 16 0.625 19.2 0.377 0.603 

2 18 0.555 19.3 0.386 0.695 
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Figs 7, 8 depict plots of equation (2.2) for the mixtures PVA/PMMA and PVC/PMMA in 

THF at different weight fraction. 

 

 

Fig.7. Reduced viscosity dependences on polymer mixture concentration and Huggins 

linearization through at different weight fraction of PVA for the ternary system THF 

(1)/PVA (2)/PMMA (3). 

It can be seen that the slope of the mixture of PVA/PMMA in THF at weight 

fraction 0.50 has greater value than other mixtures make it more compatible at this 

weight fraction, as it will be discussed later. 
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Fig.8. Reduced viscosity dependences on polymer mixture concentration and Huggins 

linearization through at different weight fraction of PVC for the ternary system THF 

(1)/PVC (2)/PMMA (3). 
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Table 10 also shows the same parameters as the previous tables including the reduced 

viscosity ηsp/C and concentration for the mixture of polymers in H2O as solvent, the 

mixture is H2O (1)/PAA (2)/PSSNa (3). 

 

Table.10. Experimental values of the reduced viscosity (η sp/C) m at different weight 

fractions of PAA w2 for H2O (1) / PAA (2) / PSSNa (3). 

W2 ∆V (mL) V (mL) C (g/dL) t (s) ηsp 
ηsp/C 

(dL/g) 

0.10 

- 12 0.833 29.3 0.304 0.365 

2 14 0.714 29.2 0.299 0.419 

2 16 0.625 29.5 0.314 0.502 

2 18 0.555 29.8 0.328 0.591 

2 20 0.500 30.5 0.362 0.724 

0.25 

- 12 0.833 29.1 0.294 0.353 

2 14 0.714 29.2 0.299 0.419 

2 16 0.625 29.6 0.319 0.510 

2 18 0.555 29.9 0.333 0.600 

2 20 0.500 30.5 0.362 0.724 

0.50 

- 12 0.833 27.7 0.226 0.271 

2 14 0.714 27.9 0.236 0.331 

2 16 0.625 28.2 0.251 0.402 

2 18 0.555 28.6 0.270 0.486 

0.75 

- 12 0.833 26.2 0.153 0.184 

2 14 0.714 26.4 0.163 0.228 

2 16 0.625 26.8 0.182 0.291 

2 18 0.555 27.3 0.207 0.373 

0.90 

- 12 0.833 24.9 0.089 0.107 

2 14 0.714 25.3 0.109 0.153 

2 16 0.625 25.7 0.128 0.205 

2 18 0.555 26.2 0.153 0.276 
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Fig. 9 depicts plots of equation (2.2) for the ternary systems in H2O at different weight 

fractions for the mixture PAA/PSSNa. 

 

 

Fig.9. Reduced viscosity dependences on polymer mixture concentration and Huggins 

linearization through at different weight fraction of PAA for the ternary system H2O 

(1)/PAA (2)/PSSNa (3). 

It can be seen that the slope of equation (2.2) for the mixture PAA/PSSNa in H2O has the 

lower value at weight fraction 0.25 than the other mixtures make it incompatible at this 

weight fraction. 
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To calculate the reduced viscosity for the mixture DMF(1)/PVA(2)/PMMA(3) as an 

example by using the equation (4.2). 

 

                                                                           (4.2) 

 

At 12 ml of mixture solution and at weight fraction 0.010g of PVA, the time t needed for 

the mixture to flow through the viscometer is 26.2 second (Table 6), the time t0 for the 

solvent DMF alone is 21.3 second and the constant A and B are 0.0429 and 1.5796 

respectively, then  

 

 

       = 0.267 

 

The concentration of the mixture in 12 ml DMF is 0.833 g/dL (Table 6) and then the 

reduced viscosity ηsp/C is 

ηsp/C = 0.267/0.833  

          = 0.321 g/dL  
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Table 11 depicts the experimental and theoretical viscometric data for the ternary 

mixtures in different solvents. 

Table.11.Experimental and theoretical viscometric data for ternary mixtures in different 

solvents at 25 
0
C. 

Solvent System W2 [η ]m
exp 

[η ]m
id

 bm
exp 

bm
id 

DMF 

PVA/PMMA 

0.10 0.9699 1.2957 -0.7945 -1.5759 

0.25 1.0226 1.2481 -0.8487 -1.8065 

0.50 1.0854 1.1687 -1.0222 -1.9330 

0.75 0.8356 1.0894 -0.7875 -1.7373 

0.90 0.8336 1.0418 -0.7984 -1.4653 

PVC/PMMA 

0.10 1.5778 1.3037 -1.5819 -1.2878 

0.25 1.0726 1.2681 -0.7849 -1.1828 

0.50 1.0395 1.2087 -0.7228 -1.0078 

0.75 1.4871 1.1494 -1.2172 -0.8328 

0.90 1.5539 1.1137 -1.3703 -0.7278 

THF 

PVA/PMMA 

0.25 0.7411 0.7461 -0.6279 -0.8914 

0.50 0.6309 0.6226 -0.5972 -1.0129 

0.75 0.6065 0.9339 -0.6670 -0.9656 

PVC/PMMA 

0.10 0.8696 0.9050 -0.6011 -0.6159 

0.25 0.953 0.9581 -0.6645 -0.6382 

0.50 1.1066 1.0467 -0.8084 -0.6753 

0.75 1.1181 1.1352 -0.7314 -0.7124 

0.90 1.0590 1.1883 -0.6978 -0.7347 

H2O PAA/PSSNa 

0.10 1.0165 1.0803 -0.8027 -0.9281 

0.25 1.2159 0.9835 -1.0764 -1.0172 

0.50 0.8893 0.8223 -0.7581 -1.0286 

0.75 0.7205 0.6611 -0.6622 -0.8686 

0.90 0.5876 0.5643 -0.5902 -0.6903 

 

From Table 5 and Table 11, it can be observed that the [η] value of PVC in binary 

polymer solution (Table 5) is larger than [η] value of PVC/PMMA in THF at different 

weight fractions as shown in Table 11. This behavior may be attributed that the repulsive 

interaction between PVC and PMMA in THF would increase the intermolecular excluded 

volume and the contraction of PVC/PMMA coils in THF and thus decrease the [η]. 
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4.4.1 Calculation of ∆bm and ∆[η]m   

 

To calculate the ∆bm for the blend DMF (1)/PVA (2)/PMMA (3) using equation (2.6), 

(see theoretical part) the “ideal” value of the global viscometric interaction parameter, 

 between chains of both polymers in the mixtures: 

  

 

 

 

 

Where b22 and b33 are the viscometric interaction parameter for the binary PVA and 

PMMA in DMF and equal to -1.2195 and -1.3578, respectively (see Table 5).             

Then by using weight fraction 0.10g of PVA (w2). 

 

        = -1.5759 (dL/g)
2
  

Then ∆bm will be equal to (criteria i) 

  

Where  is obtained from the slope of equation (2.2) (see Table 11). 

 

Where it is more than zero, this means compatible at this weight fraction. 



56 
 

To calculate the  (criteria ii) for the blend DMF (1)/PVA (2)/PMMA (3),          

first  should be calculated using equation (2.5) (see theoretical part). 

 

Where  and  are the intrinsic viscosity values for the binary DMF/PVA and 

DMF/PMMA (see Table 5) are equal to 1.0101  and 1.3274  respectively 

by use the weight fraction 0.10g of PVA (w2). 

 

            = 0.9699  (see Table 11) 

Then, 

 

Where  is determined from the intercept of equation (2.2) (see Table 11). 

 = 1.2957 – 0.9699 = -0.3258, which is less than zero so it is compatible at 0.10g 

weight fraction.  

So the mixture DMF (1)/PVA (2)/PMMA (3) shows, 

  and   . 
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4.5 Determination of the Compatibility in Different Solvents 

 

The next step has consisted of evaluating magnitudes so that it is possible to establish the 

degree of compatibility in the polymer mixtures. As explained in the theoretical part, two 

criteria have been applied:  

(i) The sign of ∆bm , as traditionally defined, for which it is necessary to know data 

on  and on  calculated with equation (2.6) where   

compatibility between polymers are considered and, 

(ii) The sign of  . 

Evaluated through the difference between  (interceptions of Eq. (2.2) plots) and 

 calculated with Eq. (2.5). 

  Compatibility between polymers are considered. 

The two criteria were used to explain the compatibility where the two last columns on 

Table 12 compile the necessary data to carry out these calculations for all the mixtures 

assayed. 
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Table.12. Measurements of different compatibility magnitudes as function of mixture 

composition for the polymer pair in different solvents. 

Solvent System W2 ∆[b]m ∆[ η]m 

DMF 

PVA/PMMA 

0.10 0.7814 -0.3258 

0.25 0.9578 -0.2255 

0.50 0.9108 -0.0833 

0.75 0.9498 -0.2538 

0.90 0.6669 -0.2082 

PVC/PMMA 

0.10 -0.2941 0.2741 

0.25 0.3979 -0.1955 

0.50 0.2850 -0.1692 

0.75 -0.3844 0.3377 

0.90 -0.6425 0.4402 

THF 

PVA/PMMA 

0.25 0.2635 -0.0050 

0.50 0.4157 0.0083 

0.75 0.2986 -0.3274 

PVC/PMMA 

0.10 0.0148 -0.0354 

0.25 -0.0263 -0.0051 

0.50 -0.1331 0.0599 

0.75 -0.0190 -0.0171 

0.90 0.0369 -0.1293 

H2O PAA/PSSNa 

0.10 0.1254 -0.0638 

0.25 -0.0592 0.2324 

0.50 0.2705 0.0670 

0.75 0.2064 0.0594 

0.90 0.1001 0.0233 

 

In order to make comparisons on the compatibility behavior of different pairs of polymer, 

Fig 10 shows the two criteria for the mixtures of PVA/PMMA and PVC/PMMA in DMF 

as a solvent, the values of the two criteria ∆bm and ∆ [η]m for different polymer mixtures 

in DMF are compiled in Table 12. 
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Fig.10. Plots of different compatibility magnitudes (where, A: ∆[b]m , B: ∆[ η]m ) as 

function of mixture composition  for the polymer pairs at different weight fractions of 

PVA and PMMA in DMF as solvent. 
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It can be observed that the polymer mixture PVA/PMMA in DMF solvent is compatible 

in all compositions ranges, where all values of ∆bm are positive, ∆[η]m are negative may 

be attributed to the specific attractive intermolecular interaction between PVA and 

PMMA in DMF, while the polymer mixture PVC/PMMA in DMF solvent is compatible 

only at weight fractions (0.25 and 0.50) so increase in the values of ∆bm and decrease in 

the values of ∆[η]m.  

Also, the polymer mixture PVA/PMMA in THF are compatible in all polymer 

compositions while the polymer mixture PVC/PMMA in THF are incompatible in most 

of composition ranges, since the values of ∆bm are negative, could be attributed to strong 

repulsive interaction of macromolecules between the polymer chains is shown in the 

mixture of PVC/PMMA in THF.  

Fig.11 shows the two criteria for the mixtures of PVA/PMMA and PVC/PMMA in THF 

as a solvent, the values of the two criteria ∆bm and ∆ [η]m for different polymer mixtures 

in THF are compiled in Table 12. 
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Fig.11. Plots of different compatibility magnitudes (where, A: ∆[b]m , B: ∆[ η]m ) as 

function of mixture composition for the polymer pairs at different weight fractions of 

PVA and PMMA in THF as solvent. 
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Fig.12 shows the two criteria for the mixtures of PAA/PSSNa in H2O as a solvent, the 

values of the two criteria ∆bm and ∆ [η]m for different polymer mixtures in THF are 

compiled in Table 12. 
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Fig.12. Plots of different compatibility magnitudes (where, A: ∆[b]m , B: ∆[ η]m ) as 

function of mixture composition for the polymer pairs at different weight fractions of 

PAA in H2O as solvent. 

Except, at weight fraction 0.25, the polymer mixture PAA/PSSNa in H2O are compatible 

due to the specific attractive intermolecular interaction between PAA and PSSNa in H2O. 
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4.6 Comparison Between the Different Solvents on the Compatibility 

 

The intrinsic viscosities as well as the viscometric interaction parameters for the different 

binary systems at 25 
o
C are compiled in Table 5. 

Since the intrinsic viscosity   of the binary PVC, PMMA and PVA in DMF is greater 

than that in THF (see Table 5), we come to the conclusion that DMF is the best solvent 

for the polymers above. In DMF, polymer-solvent interaction is larger than polymer-

solvent interaction in THF, which lead to swelling of the polymer chains in solution and 

thus increases the intrinsic viscosity of the polymer solution. From Table 5, it is observed 

that all the PVC, PMMA and PVA in THF and DMF solvents have negative value of b. 

For the sake of simplicity and in order to make comparisons on the compatibility 

behavior between different solvents, Fig. 13 depict together the two criteria for the 

mixtures of PVA/PMMA as a function of the weight fraction of PVA in DMF and THF 

solvents respectively. 

From Table 11, it can be seen that the intrinsic viscosity for the ternary polymers  

of PVA/PMMA system in THF solvent is less than in DMF, which is attributed to the 

good solvent of DMF for the ternary polymers, which can be explained, as the polymer-

solvent interaction in DMF is larger than polymer-solvent interaction in THF. 
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Fig.13. Comparison between different solvents of the compatibility (where, A: ∆[b]m Vs. 

W2 , B: ∆[ η]m Vs. W2 ) for the mixtures PVA/PMMA. 
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From Table 11, it can be observed that the intrinsic viscosity for the ternary polymers 

 of PVC/PMMA in THF is less than in DMF. Fig. 14 shows this behavior, which 

is attributed to the good solvent DMF for the ternary polymers, which explained on the 

polymer-solvent interaction in DMF is larger than polymer-solvent interaction in THF. 

 

However the viscometric interaction parameters  in THF for the ternary polymers 

PVC/PMMA, are more negative than that the same ternary polymers in DMF solvent 

(Table 11). which means that polymer-polymer interaction in THF is more than polymer-

solvent interaction, the result is the decrease in the compatibility for the mixture of 

polymers in THF comparing with that in DMF. 
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Fig.14. Comparison between different solvents of the compatibility (where, A: ∆[b]m Vs. 

W2 , B: ∆[ η]m Vs. W2 ) for the mixtures PVC/PMMA.  
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4.7 Studies on the Effect of Urea on the Compatibility of Polymer 

Mixture 

 

In this section, the effect of urea on the compatibility for the mixtures PVA/PMMA, 

PVC/PMMA in DMF and PVC/PMMA in THF and PAA/PSSNa in H2O will be 

discussed. The temperature used in the experiments was chosen at 25
o
C. 

 

4.7.1 Binary polymer system in urea 

 

Tables 13-15 gather the experimental data including reduced viscosities (η sp/C) and 

concentration for the binary system PVA, PVC, PMMA in DMF, PVC, PMMA in THF 

and PAA, PSSNa in H2O with the addition of 0.01g urea to the polymer mixtures. It can 

be observed that the reduced viscosity (η sp/C) has the lowest value before adding the 

amounts of polymers to the binary mixtures. 

This decrease of reduced viscosities when the amounts of urea are predominated indicates 

the repulsive intermolecular interaction of the polymer chains that caused the polymer 

shrink in size. 

The plot of reduced viscosities (η sp/C) vs. concentration for the binary systems with the 

addition of 0.01g urea shown in Figs. (15-17). 

 The intercept (intrinsic viscosity ) and the slope (viscometric interaction parameter b) 

of Eq. (2.1) for the binary polymers are compiled in Table 16 with the addition of 0.01g 

urea. 
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Table 13. Experimental values of the reduced viscosity (ηsp/C) of the binary polymers 

PVA, PVC and PMMA in DMF as solvent and with 0.01g urea. 

Polymer Wt (g) Urea ∆V 

(mL) 

V 

(mL) 

C 

(g/dL) 

t (s) ηsp ηsp/C 

(dL/g) 

PVA 0.09 0.01 

- 12 0.750 24.3 0.009 0.012 

2 14 0.643 25.2 0.052 0.081 

2 16 0.563 26.2 0.098 0.174 

2 18 0.500 27.2 0.145 0.290 

PVC 0.09 0.01 

- 12 0.750 28.9 0.412 0.549 

2 14 0.643 28.6 0.396 0.616 

2 16 0.563 28.5 0.390 0.693 

2 18 0.500 28.7 0.401 0.802 

PMMA 0.09 0.01 

- 12 0.750 26.4 0.278 0.371 

2 14 0.643 26.3 0.272 0.423 

2 16 0.563 26.5 0.283 0.503 

2 18 0.500 26.9 0.305 0.610 

 

 

Table 14. Experimental values of the reduced viscosity (ηsp/C) of the binary polymers 

PVC and PMMA in THF as solvent and with 0.01g urea. 

Polymer Wt (g) Urea ∆V 

(mL) 

V 

(mL) 

C 

(g/dL) 

t (s) ηsp ηsp/C 

(dL/g) 

PVC 0.09 0.01 

- 12 0.750 21.5 0.577 0.769 

2 14 0.643 21.3 0.560 0.871 

2 16 0.563 21.7 0.594 1.055 

2 18 0.500 22.3 0.646 1.292 

PMMA 0.09 0.01 

- 12 0.750 19.7 0.421 0.561 

2 14 0.643 19.8 0.430 0.669 

2 16 0.563 20.2 0.465 0.826 

2 18 0.500 21.0 0.534 1.068 

 



69 
 

 

 

Table 15. Experimental values of the reduced viscosity (ηsp/C) of the binary polymers 

PAA and PSSNa in H2O as solvent and with 0.01g urea. 

Polymer Wt (g) Urea ∆V 

(mL) 

V 

(mL) 

C 

(g/dL) 

t (s) ηsp ηsp/C 

(dL/g) 

PAA 0.09 0.01 

- 12 0.750 23.9 0.040 0.053 

2 14 0.643 24.4 0.064 0.099 

2 16 0.563 24.9 0.089 0.158 

2 18 0.500 25.5 0.118 0.236 

PSSNa 0.09 0.01 

- 12 0.750 30.7 0.372 0.496 

2 14 0.643 30.6 0.367 0.571 

2 16 0.563 30.8 0.376 0.668 

2 18 0.500 31.3 0.401 0.802 

 

 

Table 16. Intrinsic viscosity [η] and viscometric interaction parameter [b] for the binary 

polymers with 0.01g of urea in different solvents at 25 
0
C.  

Solvents Polymers M.W [ η] [ b ] 

DMF 
PVC 150.000 1.2669 -0.9802 

PMMA 120.000 1.0474 -0.9295 

PVA 98.000 0.8063 -1.0864 

THF PVC 150.000 2.2490 -2.0396 

PMMA 120.000 1.9793 -1.9517 

H2O PAA 2.000 0.5738 -0.7123 

PSSNa 70.000 1.3633 -1.1874 
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Fig.15. Reduced viscosity dependences on different binary systems concentration and 

Huggins linearization through with 0.01 g urea in DMF as solvent. 
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Fig.16. Reduced viscosity dependences on different binary systems concentration and 

Huggins linearization through with 0.01 g urea in THF as solvent. 
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Fig.17. Reduced viscosity dependences on different binary systems concentration and 

Huggins linearization through with 0.01 g urea in H2O as solvent. 
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4.7.2 Ternary polymer system in urea 

 

Next, we proceeded to measure the corresponding reduced viscosities for the assayed 

mixtures. Tables 17-20 for the polymer mixtures with the addition of urea. 

It can be seen that the reduced viscosity is decreased as the amounts of urea introduced 

and decreased more as the amounts of polymer (2) increased as an example for the 

mixture DMF (1) / PVA(2) / PMMA(3), where w2 : 0.1, 0.25, 0.5, 0.75, 0.90, the (ηsp/C) 

(dL/g) are: 0.340, 0.294, 0.204, 0.170 and 0.191 (Table 17), This decrease in the reduced 

viscosity can be attributed to the repulsive intermolecular interaction between polymer 

chains in solution. 

 

Table 17. Experimental values of the reduced viscosity (η sp/C)m  at different  weight 

fractions  of PVA  w2  for DMF (1) / PVA(2) / PMMA(3) system with 0.01g urea. 

W2 Urea ∆V 

(mL) 
V (mL) C (g/dL) t (s) η sp η sp/C 

(dL/g) 

0.10 0.01 

- 12 0.833 26.5 0.283 0.340 

2 14 0.714 26.6 0.288 0.403 

2 16 0.625 26.9 0.305 0.488 

2 18 0.555 27.4 0.331 0.596 

2 20 0.500 28.5 0.390 0.780 

0.25 0.01 

- 12 0.833 25.8 0.245 0.294 

2 14 0.714 26.5 0.283 0.396 

2 18 0.555 27.3 0.326 0.587 

2 20 0.500 27.4 0.331 0.662 

0.50 0.01 

- 12 0.833 24.4 0.170 0.204 

2 14 0.714 25.1 0.208 0.291 

2 16 0.625 25.5 0.229 0.366 

2 18 0.555 25.8 0.245 0.441 

0.75 0.01 

- 12 0.833 23.9 0.142 0.170 

2 14 0.714 24.6 0.180 0.252 

2 18 0.555 25.6 0.235 0.423 

2 20 0.500 26.1 0.262 0.524 

0.90 0.01 

- 12 0.833 24.2 0.159 0.191 

2 14 0.714 24.5 0.175 0.245 

2 16 0.625 25.1 0.208 0.333 

2 18 0.555 25.6 0.235 0.423 
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Table.18. Experimental values of the reduced viscosity (ηsp/C)m  at different  weight 

fractions  of PVC  w2  for DMF (1) / PVC(2) / PMMA(3) system with 0.01g urea. 

W2 Urea 
∆V 

(mL) 
V (mL) 

C 

(g/dL) 
t (s) η sp 

ηsp/C 

(dL/g) 

0.10 0.01 

- 12 0.833 28.5 0.390 0.468 

2 14 0.714 28.3 0.380 0.532 

2 16 0.625 28.1 0.369 0.590 

2 18 0.555 28.4 0.385 0.694 

0.25 0.01 

- 14 0.714 27.8 0.353 0.494 

2 16 0.625 28.0 0.363 0.581 

2 18 0.555 28.3 0.380 0.685 

2 20 0.500 28.8 0.406 0.812 

0.50 0.01 

- 14 0.714 27.8 0.353 0.494 

2 16 0.625 27.9 0.358 0.573 

2 18 0.555 28.4 0.385 0.694 

2 20 0.500 28.7 0.401 0.802 

0.75 0.01 

- 12 0.833 29.4 0.438 0.526 

2 14 0.714 29.0 0.417 0.584 

2 16 0.625 28.9 0.412 0.659 

2 18 0.555 29.1 0.422 0.760 

0.90 0.01 

- 14 0.714 28.7 0.401 0.562 

2 16 0.625 28.6 0.396 0.634 

2 18 0.555 28.9 0.412 0.742 

2 20 0.500 29.3 0.433 0.866 
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Table.19 Experimental values of the reduced viscosity (ηsp/C)m  at different  weight 

fractions  of PVC  w2  for THF (1) / PVC(2) / PMMA(3) system with 0.01g urea. 

W2 Urea 
∆V 

(mL) 
V (mL) 

C 

(g/dL) 
t (s) ηsp 

ηsp/C 

(dL/g) 

0.10 0.01 

- 12 0.833 17.8 0.254 0.305 

2 14 0.714 17.7 0.245 0.343 

2 16 0.625 17.8 0.254 0.406 

2 18 0.555 17.9 0.263 0.474 

2 20 0.500 18.0 0.272 0.544 

0.25 0.01 

- 12 0.833 18.3 0.298 0.358 

2 14 0.714 18.1 0.281 0.393 

2 16 0.625 18.0 0.272 0.435 

2 18 0.555 18.2 0.289 0.521 

0.50 0.01 

- 12 0.833 18.8 0.342 0.410 

2 14 0.714 18.6 0.325 0.455 

2 16 0.625 18.5 0.316 0.506 

2 18 0.555 18.7 0.334 0.602 

2 20 0.500 18.9 0.351 0.702 

0.75 0.01 

- 12 0.833 19.2 0.377 0.452 

2 14 0.714 19.0 0.360 0.504 

2 16 0.625 18.9 0.351 0.562 

2 18 0.555 19.0 0.360 0.649 

0.90 0.01 

- 12 0.833 19.6 0.413 0.496 

2 14 0.714 19.2 0.377 0.528 

2 16 0.625 19.0 0.360 0.576 

2 18 0.555 19.1 0.369 0.665 
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Table.20. Experimental values of the reduced viscosity (ηsp/C)m  at different  weight 

fractions  of PAA  w2  for H2O (1) / PAA(2) / PSSNa (3) system with 0.01g urea. 

W2 Urea ∆V (mL) V (mL) C (g/dL) t (s) ηsp 

ηsp/C 

(dL/g) 

0.10 0.01 

- 14 0.714 29.6 0.319 0.446 

2 16 0.625 29.8 0.328 0.525 

2 18 0.555 30.2 0.348 0.626 

2 20 0.500 30.6 0.370 0.734 

0.25 0.01 

- 14 0.714 29.0 0.289 0.405 

2 16 0.625 29.4 0.309 0.494 

2 18 0.555 29.8 0.328 0.591 

2 20 0.500 30.3 0.352 0.705 

0.50 0.01 

- 14 0.714 28.1 0.246 0.344 

2 16 0.625 28.3 0.255 0.409 

2 18 0.555 28.7 0.275 0.495 

2 20 0.500 29.1 0.294 0.589 

0.75 0.01 

- 14 0.714 26.7 0.177 0.248 

2 16 0.625 27.1 0.197 0.315 

2 18 0.555 27.9 0.236 0.425 

2 20 0.500 28.5 0.265 0.530 

0.90 0.01 

- 14 0.714 25.5 0.119 0.166 

2 16 0.625 25.9 0.138 0.221 

2 18 0.555 26.5 0.168 0.302 

2 20 0.500 27.0 0.192 0.384 
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The experimental results for the reduced viscosity in the ternary system, DMF (1)/PVA 

(2)/PMMA (3), DMF (1)/PVC (2)/PMMA (3), THF (1)/PVC (2)/PMMA (3) and H2O 

(1)/PAA (2)/PSSNa (3) at different weight fractions of the mixtures and with 0.01g urea 

are shown in Figs.18-21. 

 

Fig.18. Reduced viscosity dependences on different binary systems concentration and 

Huggins linearization through at different weight fractions of PVA for the ternary system 

DMF (1)/PVA (2)/PMMA (3) with 0.01 g urea. 
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Fig.19. Reduced viscosity dependences on different ternary systems concentration and 

Huggins linearization through at different weight fractions of PVC for the ternary system 

DMF (1)/PVC (2)/PMMA (3) with 0.01 g urea. 
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Fig.20. Reduced viscosity dependences on different ternary systems concentration and 

Huggins linearization through at different weight fractions of PVC for the ternary system 

THF (1)/PVC (2)/PMMA (3) with 0.01 g urea. 
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Fig.21. Reduced viscosity dependences on different ternary systems concentration and 

Huggins linearization through at different weight fractions of PAA for the ternary system 

H2O (1)/PAA (2)/PSSNa (3) with 0.01 g urea. 
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In general, the experimental values follow the typical linear relationship of Huggins 

equation for uncharged polymers, in the concentration range assayed. 

The intrinsic viscosity  and the viscometric interaction parameter  of 

equation (2.2) for the mixtures are compiled in Table 21. 

 

Table.21. Experimental and theoretical viscometric data for ternary mixtures with 0.01g 

of urea in different solvents at 25 
0
C. 

Solvent System W2 [η ]m
exp 

[η ]m
id

 bm
exp 

bm
id 

DMF 

PVA/PMMA 

0.10 1.0693 1.0233 -0.8984 -1.1266 

0.25 1.2085 0.9871 -1.1126 -1.3467 

0.50 0.9003 0.9268 -0.8432 -1.5119 

0.75 1.0221 0.8666 -1.0452 -1.4251 

0.90 0.8617 0.8304 -0.8269 -1.2521 

PVC/PMMA 

0.10 1.0997 1.0694 -0.7755 -0.9346 

0.25 1.5144 1.1023 -1.4559 -0.9422 

0.50 1.5032 1.1572 -1.4411 -0.9549 

0.75 1.1899 1.2120 -0.8179 -0.9675 

0.90 1.5383 1.2450 -1.3990 -0.9751 

THF PVC/PMMA 

0.10 0.8731 2.9014 -0.7106 -3.5161 

0.25 0.9938 2.7927 -0.8095 -3.2700 

0.50 1.0790 2.6114 -0.8428 -2.8599 

0.75 1.1719 2.4302 -0.9050 -2.4497 

0.90 1.1715 2.3215 -0.8628 -2.2036 

H2O PAA/PSSNa 

0.10 1.3785 1.2843 -1.3294 -1.3109 

0.25 1.3715 1.1659 -1.3744 -1.4248 

0.50 1.1348 0.9685 -1.1289 -1.4247 

0.75 1.1660 0.7712 -1.3137 -1.1873 

0.90 1.8737 0.6527 -1.0114 -0.9308 

 

It can be seen that in the polymer mixtures DMF (1)/PVA (2)/PMMA (3), DMF (1)/PVC 

(2)/PMMA (3) and THF (1)/PVC (2)/PMMA (3), the  (dL/g) has the lowest values 

when the amounts of urea predominated, may be attributed to the repulsive 

intermolecular interaction between polymer chains in solution and therefore they shrink 

in size which leads to decrease in the hydrodynamic volume and then reduction in the 

intrinsic viscosity. 
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4.7.3 Determination of the compatibility of the polymer mixtures with 

the addition of urea 

The next step is evaluating the magnitudes that make it possible to establish the degree of 

compatibility in the polymer mixture. Two criteria have been applied: 

(i) The sign of ∆bm, as traditionally defined, for which it is necessary to know data 

on  and on  calculated with equation (2.6) (see Table 21). 

(ii) The sign of  Evaluated through the difference between  

(interceptions of Eq. (2.2) plots) and  calculated with Eq. (2.5). 

Table 22 gathered the values of ∆bm and  for the mixtures. 

 

Table 22. Measurements of different compatibility magnitudes as a function of mixture 

composition for the polymer pairs in different solvents with 0.01 g urea. 

Solvent System W2 ∆ η ∆b 

DMF 

PVA/PMMA 

0.10 0.0460 0.2282 

0.25 0.2214 0.2341 

0.50 -0.0265 0.6687 

0.75 0.1555 0.3799 

0.90 0.0313 0.4252 

PVC/PMMA 

0.10 0.0303 0.1591 

0.25 0.4121 -0.5137 

0.50 0.3460 -0.4862 

0.75 -0.0221 0.1496 

0.90 0.2933 -0.4239 

THF PVC/PMMA 

0.10 -2.0283 2.8055 

0.25 -1.9888 2.7168 

0.50 -1.5324 2.0171 

0.75 -1.4224 1.7661 

0.90 -1.3619 1.6260 

H2O PAA/PSSNa 

0.10 0.0942 -0.0185 

0.25 0.2056 0.0504 

0.50 0.1663 0.2958 

0.75 0.3948 -0.1264 

0.90 1.2210 -0.0806 
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Fig. 22 depicts the two criteria, as a function of the weight fraction of polymer (2) for the 

mixtures DMF (1)/PVA (2)/PMMA (3) and DMF (1)/PVC (2)/PMMA (3) with the 

addition of 0.01g urea. It can be seen that when the effect of urea decreased in the 

polymer mixture the amount of ∆bm will be increased. For the system DMF (1)/PVA 

(2)/PMMA (3) the values of ∆bm are positive so they are compatible but have less amount 

without addition of urea (Table 12), which can be attributed to the repulsive 

intermolecular interaction between polymer chains in solution. 
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Fig.22. Plots of different compatibility magnitudes (where, A: ∆[b] Vs. W2 ,                           

B: ∆[ η] Vs. W2 ) as function of mixture composition for the polymer pairs at different 

weight fractions of PVA and PMMA in DMF as solvent with 0.01 g urea. 
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Fig. 23 shows the variation of the ∆bm vs. the weight fraction of polymer (2) (PVC) in the 

system THF (1)/PVC (2)/ PMMA (3) with the addition of urea. From Table 22 and 

Fig.23, it can be observed that all the values of ∆bm are positive (  are negative) so 

they are compatible. Compared these values in Table 12. We conclude that the addition 

of urea to the polymer mixture THF (1)/PVC (2)/PMMA (3) make the system 

compatible. 
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Fig.23. Plots of different compatibility magnitudes (where, A: ∆[b] Vs. W2 ,                                 

B: ∆[ η] Vs. W2 ) as function of mixture composition for the polymer pairs at different 

weight fractions of PVC in THF as solvent with 0.01 g urea. 
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Fig. 24 shows of different compatibility magnitudes as function of mixture composition for 

the polymer pairs at different weight fractions of PAA in H2O as solvent with 0.01 g urea. 

 

 

Fig.24. Plots of different compatibility magnitudes (where, A: ∆[b] Vs. W2 ,                                 

B: ∆[ η] Vs. W2 ) as function of mixture composition for the polymer pairs at different 

weight fractions of PAA in H2O as solvent with 0.01 g urea. 
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For the system H2O (1)/PAA (2)/PSSNa (3) which is relatively compatible, compared to 

Table 12 the values of ∆bm in Table 22 for the system H2O (1)/PAA (2)/PSSNa (3) are 

less than that in Table 21 indicated the effect of addition of urea to the system will 

decrease the compatibility of the polymer mixture.  
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Conclusion 

 

Dilute solution viscometry method was used here to determine the compatibility for the 

mixture of polymers. In the plot of ∆bm as a function of the weight fraction of polymers 

2, where ∆bm  0 means compatible, and the plot of ∆ [η]m means compatible. The 

systems PVA/PMMA in DMF and THF are completely compatible while the systems 

PVC/PMMA in DMF and THF are incompatible in most of the weight fractions of PVC. 

The compatibility of PVA with PMMA attributed to the specific interaction between 

polymers and solvent. And it was found that PVA with PMMA is more compatible in 

DMF than THF as a result of the polymer-solvent interaction in DMF is larger than 

polymer-solvent interaction in THF. 

The system PVC/PMMA in DMF and THF are relatively compatible. While the 

viscometric interaction parameters  in THF are more negative than that the same 

ternary polymers in DMF, which means that the polymer-polymer interaction in THF is 

more than polymer-solvent interaction, the result is the decrease in the compatibility for 

the mixture polymers in THF comparing that in DMF.  

Except, at weight fraction 0.25, the polymer mixture PAA/PSSNa in H2O are compatible 

may be due to the specific attractive intermolecular interaction between PAA and PSSNa 

in H2O. 

For the effect of urea on the compatibility for the mixture PVA/PMMA and PVC/PMMA 

in DMF and THF, respectively, and PAA/PSSNa in H2O, from Table 12 and 22,             

we observed that the compatibility increased when urea is added in different composition 

for the polymer pairs PVC/PMMA in THF, which means attractive interaction of the 

mixture in solution. 
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