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Abstract

In the present work, two types of polymers are polystyrene (PS) and polydimethylsiloxane
(PDMS) were used, where Molecular weight of polymers can be determined by different
techniques such as intrinsic viscosity measurement. Determination of molecular weight by
intrinsic viscosity measurement is a simple method for characterization of polymers. Different
concentrations of polymers were prepared and measurement was done at room temperature.
The flow time data was used to calculate the intrinsic viscosity by extrapolating the reduced
viscosity to zero concentration. The value of intrinsic viscosity was then recalculated into the
viscosity-average molecular weight using Mark-Houwink equation. The results were
obtained to calculate the viscosity average molecular weight of both types of polymers
respectively, PS is (97,223.05) and PDMS is (100,359.98) and are considered good results.

keyword : Ostwald Viscometer, viscosity average molecular weight, intrinsic viscosity,
polymer.

1- Introduction
A polymer is a large macromolecule built from a repetition of smaller chemical units called
monomers. Proteins and polysaccharides are natural polymers whereas commonly used plastics
and adhesives are synthetic polymers. As shown in Figure (1), the polymer could be linear,
branched or cross-linked [1].
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Figure (1): polymer structures. (a) linear (b) cross —linked (c) branched polymer (d)
randomly distributed (e) block and (f) grafted copolymer[1].
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The polymer molecules are essentially strings of atoms connected to each other via covalent
bonds. However, the polymer molecules have the ability to physically associate and interact
with spatially separated regions in a solution [2]. They can induce and transfer the effects such
as a change in stress and structure from one region to another due to attractive interactions
between certain regions of different polymer molecules and formation of three-dimensional
networks. By incorporating more than one type of monomer in the same macromolecule, one
can produce a polymer that exhibits more than one kind of affinity [2]. Therefore, the addition
of small amounts (tens of parts per million by weight) of polymer to flow results in the reduction
of skin friction in turbulent flows. This phenomenon is known as drag reduction and was
discovered by Toms [3]. Since that time, interest in drag reduction using polymeric materials

has grown because of its wide range of industrial applications.

1. The polymers insoluble in crude oil or in any it is a fraction, without affecting on its
specification.

The polymer cannot be precipitated on the wall of the pipes.

The polymer form a homogeneous mixture with the crude oil or their fractions.

The polymer should be stable in the range of used temperature.

The polymer has high activity at low concentrations in the range of two ppm.

Uses of polymer in drag reduction of flowing crude oil depends on solubility of polymer in
the solvent when the molecules of solvent are diffuse slowly through the polymer to produce
jelly state and strong bonds between polymer and crude oil that follow vanish jelly state
gives an actual solution is introduced when the mixing and heating are used to increase this
process [4].

Molecular weight (MW) is one of the most fundamental parameters in characterizing a
polymer. Molecular weight of polymers can be determined by different techniques, such as Gel
Permeation Chromatography (GPC), Static Light Scattering (SLS) and intrinsic viscosity
measurement. GPC is the most powerful technique for characterizing the molecular weight of
polymers. However, it is a relative method and needs molecular weight standards for calibration
to obtain the relation between elution volume and molecular weight. One of the simplest and
rapid methods for determining the molecular weight of polymer is viscosimetry, although this
is not an absolute method and requires the determination of constants. The intrinsic viscosity,
n as function of average molecular weight, M is represented by Mark-Houwink-Sakurada
equations[5]. The goals of this study are to determine the viscosity-average molecular weight

and intrinsic viscosity of Ostwald viscometer.
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2- Types of polymers using in work
2.1 Polystyrene (PS)

It Formed from monomers of Styrene Polymerization initiated by heat or catalyst and is
commercially available over a wide range of molecular weight. The major application of PS are
plastics, packing, insulation, food containers, disposable cutlery, electronic casings, toys and
piping. Furthermore, PS has several properties of special interest such as colorless, hard, brittle
plastic and it is a thermoplastic melts to a liquid when heated, and freezes to brittle glassy state
when cooled, this property allows for PS to be molded and extruded [6]. Figure (2) illustrates
the structure of the repeating unit of PS.
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Figure (2): The structure of the repeating unit of PS[6].

Manufacturer information [7]:
Trade name: PS (Styrofoam)
Class: Vinyl polymers
Manufacturer: The Dow Chemical Company USA and others
Molecular weight: in the range of (4 — 52)x10*
Structure:

+(|:H —CH,}n
CeHs

2.2 - Polydimethylsiloxane (PDMS)

PDMS consists of fully methylated linear siloxane polymers containing repeating units of
the formula (CH3)2SiO, with trimethylsiloxy end-blocking units of the formula (CH3)s SiO.
The major applications of PDMS are release agents, rubber molds, sealants and gaskets,
surfactants, water repellents, adhesives, foam control agents, biomedical devices and cosmetics,
dielectric encapsulation, glass sizing agents, greases, hydraulic fluids, heat transfer fluids,
lubricants, fuser oil, masonry protectants and process aids. Furthermore, PDMS has several
properties of special interest such as thermal stability, low temperature performance and
minimal temperature effect, good resistance to UV radiation, excellent release properties and
surface activity, high permeability to gases, good damping behavior, antifriction and lubricity,
hydrophobic and physiological inertness, shear stability, weak intermolecular forces, and
excellent dielectric strength [6].

Manufacturer information[6]:
Trade name: PDMS poly[oxy(dimethylsilylene)]
Class: Polysiloxanes, di-methyl silicones and siloxanes
Manufacturer: Dow Corning.® 200 fluid; Wacker SWS101 fluid; Baysilone & M fluid.
Molecular weight: in the range of (67 — 117)x103
Structure: —[(CH3)2Si—O—1|n
3- Experimental work:

3.1 Material

In the present work, two types of commercial polymers, polystyrene (PS) and
polydimethylsiloxane (PDMS), were used to determine the viscosity-average molecular weight
and intrinsic viscosity. Various polymer solution concentrations were prepared to study their
effects on viscosity. Toluene (C7Hs), with a purity 99% was used as the solvent throughout the
experiments.
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3.2 Viscometer

Furthermore, for measurement of the Intrinsic viscosity for the polymer was examined using
an automatic system Ostwald capillary type viscometer ASTM- 1p show in Figure (3), which
allows the reading of flow times of the sample to be taken automatically with using a stopwatch.
The Ostwald viscometer number 7195 and constant (c) is 0.007434 (mm?/s)/s, made in England.

Units of Kinematic Viscosity are: 1¢St = 102 St = 10° m?/s = 1 mm?/s.

Figure (3): Viscometer of Ostwald.
3.3- Experimental Procedures
3.3.1- Determination of Polymer Average Molecular Weight
A- Intrinsic Viscosity Determination

The viscometer of Ostwald allows to determine the liquid viscosity coefficient According
to Figure (3), it is measured the liquid transit time from line 1 to line 2. The measurement was
started with solvent (Toluene) first, then flow times of five different concentrations of polymer
solution were recorded as shown in Figure (4). Each test was repeated at least twice for more

accuracy.

Figure (4): Five different concentrations of the polymer solution.
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The corrected average flow time ti (correction) for a solvent (to) and each polymer
concentration, was calculated by subtracting the Hagenbach correction (y) from the average
flow time (ti) for that concentration according to [8]:

ti (correction) = ti — y 1)

where: y is a correction factor termed " Hagenbach correction" which is added to allow for the
effects of the kinetic energy of efflux. The Hagenbach correction can be estimated according to
the relation [8]:

) (2x  w=(Bl(c

where: B is a constant related to the dimensions of the viscometer and c is viscometer constant.
The Hagenbach correction was provided in the operating instruction for the viscometer. For
each polymer concentration, the following viscosities were determined using the Equation
given [9]:

Relative viscosity, nret = (ti/ to) (3)
Specific viscosity, nsp = (tilto) — 1 4)
Reduced viscosity, nred = (nsp/C) (5)
Inherent viscosity, minh = (INnred /C ) (6)

The reduced viscosity and inherent viscosity were plotted against polymer concentration
(C), as shown in Figure (5). The value of intrinsic viscosity can be calculated by extrapolating
graph of reduced viscosity and inherent viscosity to zero concentration. The average of the two
obtained intercept values was calculated [9].
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Figure (5): The Kraemer—Huggins plot to obtain the intrinsic viscosity, where the
inherent viscosity is defined as #inn = Iny/C [9].

B- Average Molecular Weight Determination

Viscosity-average molecular weight was identified by viscometric measurements using an
Ostwald Capillary Viscometer. This value was calculated from Mark-Houwink-Sakurada
Equation [5]:

“) (MHMvx  [n]=(K
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where: [n] = intrinsic viscosity, Mv = viscosity average molecular weight, K and o are
constants for a given polymer-solvent-temperature system.

4- Result and Discussion
The intrinsic viscosity for determination of the molecular weight of the polymer is calculated.

e The Viscosity of the solvent (toluene) is measured using a viscosity device (Viscometer).
e Using the flow time (t), the reduced viscosity (nred) IS calculated at different concentrations
using Equation (8)[9] as shown in Table (1).

nred = [ (t—to) / (Cxto) ] (8)

where: nred = reduced viscosity, to = average flow time for solvent, t = average flow time for
various polymer solution concentration, C = the polymer solution concentration.

Table (1): Experimental data and results of reduced viscosity for PS and PDMS.

Concentration PS PDMS
C (g/ml) Time Reduced viscosity | Time (s) | Reduced viscosity
(s) 1072 xqred (MI/Q) 1072 x qred (ml/g)
0 97 - 97 -
0.002 107 0.5155 106 0.4639
0.004 118 0.5412 117 0.5155
0.006 132 0.6014 133 0.6186
0.008 151 0.6959 149 0.6701
0.01 166 0.7113 168 0.7320

e Reduced viscosity (nred) is plotted with solution concentration (C). The intercept point of
the straight line with the y-axis determines the intrinsic viscosity at C equal 0. From Figures
(6) and (7) for PS and PDMS respectively.
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Figure (6): Plot of reduced viscosity, nred (Ml/g) against concentration, C (g/ml) of PS.

0.75 4
0.70—-
0.65—.
0.60—.
0.55—-
0.50—.

0.45

0.40 q 0.4 x 10°

Reduced viscocity x 107 (ml/g)

0.35 T T T T T T T T T T
0.000 0.002 0.004 0.006 0.008 0.010
Concentration, C(g/ml) of PDMS

Figure (7): Plot of reduced viscosity, nred (Ml/g) against concentration, C(g/ml) of PDMS.

e This value of intrinsic viscosity is used to calculate the molecular weight from Equation (7)
[5] as shown in Table (2).
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Table (2): Solvent data and results of intrinsic viscosity and molecular weight of (PS)

and (PDMS).
Solvent data toluene Polystyrene Polydimethylsiloxane Reference
(PS) (PDMS)
at (25°C)
K (cm®/g) 0.85 x 107 20 x 10°° [6]
o 0.75 0.66 [6]
Intrinsic viscosity, 0.468 x 102 0.4 x 10?
n (ml/g)
Average molecular 97,223.05 100,359.98
weight, My (g/mol)

The accuracy of determining the viscosity average molecular weight op (PS) and (PDMS)
depends on several factors, including the polymers nature, the solvent used, and the
temperature.

4.1 Effect of Polymer Structure on Calculated Molecular Weight

It is observed that (PS) has a lower molecular weight compared to (PDMS), which can be
attributed to the differences in their polymer structures. Polymer with aromatic side chains,
leading to strong interactions with the solvent and a significant effect on intrinsic viscosity. On
the other hand, (PDMS) is a flexible polymer with silicon-oxygen linkages, which grants it
relatively low viscosity.

4.2 Effect of Solvent on the Results

The calculations were carried out using toluene as solvent, which is a good solvent for both
(PS) and (PDMS), but it affects them differently in terms of chain relaxation in the solution.
For (PS), toluene causes swelling of the polymer chains, leading to higher intrinsic viscosity
and consequently, a high molecular weight. In contrast, for (PDMS), toluene does not cause the
same degree of chain extension, leading to lower intrinsic viscosity and a higher molecular
weight estimate.

4.3 Accuracy and Limitations of the Viscosity Method

Although the viscosity method provides a good estimation of molecular weight, it has some
limitations, including:

e It relies on Mark Houwink constants, which can vary depending on the experimental
conditions.

e It does not provide information on molecular weight distribution, only giving an average
molecular weight value.
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e The method is sensitive to concentration and solvent, which can lead to discrepancies under
different conditions.

4.4 Comparison with Other Methods

The results obtained from the viscosity method can be compared with other techniques, such as
Gel Permeation Chromatography (GPC), which provides more precise information rather than
just an average value, as with viscosity. Therefore, combining both methods could offer a
clearer picture of the polymers molecular weight.

5- Conclusion

Determining the molecular weight of polymers such as (PS) and (PDMS) is essential for
understanding their physical properties and applications. The viscosity method is based on the
Mark-Houwink equation, which relates the intrinsic viscosity of a polymer solution to its
molecular weight using experimentally determined constants specific to each polymer-solvent
system. Our calculations showed that the viscosity average molecular weight of (PS) in toluene
at 25°C is approximately (97,223.05 g/mol ) while for (PDMS) under the same conditions, it is
(100,359.98 g/mol ) . This difference highlights the influence of polymer structure and solvent
interactions on intrinsic viscosity, which affects molecular weight estimation. Furthermore, it
was concluded that the intrinsic viscosity and viscosity-average molecular weight of the
polymer can be determined using an Ostwald Viscometer. The viscosity method is a practical
and efficient approach for estimating polymer molecular weight, however, its accuracy depends
on the availability of precise Mark-Houwink constant. To gain a more comprehensive
understanding of molecular weight distribution, it is recommended to complement this method
with techniques such as Gel Permeation Chromatography (GPC) for more precise and detailed
measurements.
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