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The aim of this work was to measure the Mark- Almost all the literature concerns PMMA o, less
Houwink constants and thens,-M,, relationship of  than 2x 1P g/mol [4, 5]. In 1955 Chinaét al. [4, 6]
ultra-high molecular mass poly(methylmethacrylate) infitted then-M,, relationships in av,, range between
toluene solutions. 0.4 x 10° g/mol and 3x 10° g/mol using toluene and
A set of ultra-high molecular mass (up tox2 other solvents. The-M,, relationship, in toluene at
10" g/mol) poly(methylmethacrylate), obtained in a very low M,,, was also investigated by Patroni gt]al.
previous work by B. Simionescu, was used togethef1965). In this paper the behavior of the system is theta
with a commercial set of lower molecular mass samplesolvent like owing to the low values d#l,, (between
in order to cover two decades of molecular mass range x 10° g/mol and 7x 10° g/mol). In 1974 Graess-
The intrinsic viscosity of the solutions were measuredJey [8] investigated the flow properties of PMMA in
to fit the Mark-Houwink and the-ns,-M,, relation-  diethyl-phthalate in av,, range between 5 10° g/
ships. The results are in agreement with the publishedhol and 16 x 10° g/mol. He found results very sim-
literature but over a larger range of molecular mass withlar to those for the more investigated polystyrene in
respect to the known literature. All the measurementshe same conditions. In recent times [9, 10] the Mark-
were performed at 29&. Houwink (M-H) constants for PMMA in tetrahydrofu-
This work concerns in the rheological behavior of ran were investigated.
a polymer in solution, and has great interest in poly- The M-H equation gives a qualitative measurement
mer processing. To study the viscoelastic behavior of @f the interactions between the polymer chain and the
polymer system at high shear rate and/or high molecsolvent. Generally, the exponeatof the equation was
ular mass K, is a very difficult task, owing to the found to range from 0.%(solvent) to 0.8 (good quality
strong elastic behavior of the melt. solvent). Therefore the quality of a solvent for a given
To overcome the difficulties, studying the behavior polymer can be judged on its valuesofAn higher value
of high My, melt, one of the possibilities is to use the of a corresponds to an higher value of mean square
correspondence between molten polymer at low sheand to end distance of the polymer chains. This has
rate and ultrahigh molecular mass polymer in solutionghe meaning that the interactions between polymer and
at high shear rate. To reach this aim, study the polysolvent are favored with respect of the interactions be-
mer over a large range &, is required. This implies tween segments to polymer chains.
great technical difficulties and, consequently, the lack In this work we have performed measurements of in-
of experimental data in the high shear rate range and/drinsic viscosity, ], of PMMA in toluene, to obtain afit
high M, polymer solutions. This lack has stopped anof the Mark-Houwink relationship. After we have plot-
extension of the rheo-logical theory. ted the specific viscosity)s,, versus the overlapping
When highM,, polymers are studied, generally, some coil parameters [] and fitted the relative parameters
new features have been measured because Migh of the equation [11]. In order to obtain a more accurate
polymers are able to have large chain extension andlt of the parameters we have used not only our own
interactions between chains also at low concentrationdata but also data from the literature [4, 6-10, 12].
and low shear rate. Two kinds of PMMA samples have been used: two
For example Simionesaet al.[1, 2] have measured commercial samples, supplied by Latek, (Eppelheim,
the first normal stress differenc@l;, vs. shear rate Germany) for the two lowemM,, samles, and two
for poly(methylmethacrylate) (PMMA) oM,, about high My, PMMA samples obtained by Simionescu us-
2 x 10’ g/mol in toluene at 2 and 6 (wWt%) concentra- ing plasma-induced polymerization in a previous work
tions. He reported the presence of a three slope curd 3]. Therefore, in the present study, four PMMA sam-
in the plot. To justify this behavior, Cates, McLeisch ples were selected to cover a range of two decades
and Marrucci [3] suggested to introduce a transverseM,,. The molecular characteristics of the material used
dimension of polymer chain in the tube model, to over-are shown in Table I. More information about the
come the unrealistic continuous decrease of shear streesn-commercial highM,, PMMA can be found in
with shear rate found in the Doi-Edwards model for en-ref. [13].
tangled polymers. From this idea it follows that three The solvent used was toluene.
regions will occur in the plot of first normal stress dif- The solutions were prepared and stored in dark bot-
ference vs. shear rate. tles kept under gently shaking and rotation for one week
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TABLE | Molecular mass My), molecular mass distribution (filled symbolsin Fig. 1) and they are well overlappedto
(Mw/Mn) of the used polymers and solvent our data (open symbols). According to the literature two
No.  Polymer  Mw(10° g/imol)  (Mw/Ms)  Solvent F€gions can be distinguished in this plot: up to a critical
molar mass, ] is proportional toM2? following the

1 PMMA 0.14 1.13 Toluene  equation:

2 PMMA 1.56° 1.13 Toluene

3 PMMA 10.5* 1.3 Toluene _ 0.5

4 PMMA  19.2* 1.3 Toluene [n] = KMy )

*=Commercial sample as supplied by the Latek company. The best fit gives the values:
** = Measured by B. C. Simionescu by light scattering in different sol-
0.502+0.020
vent (ref. 15). [l =K M, 4)

to be sure of a complete and homogeneous dissolutiognd K = 69.4 + 2 (mm?/g). The critical molar mass,
of the PMMA in the solvent. Mc, was found to lie between 30 000 and 40 000 (g/mol)
The intrinsic viscosity, 4], was measured by a according to ref. [8]. Beyond this critical valié, the
Ubbelohde capillary viscometer (radissst x 107*m)  pehavior of the polymer macromolecules is changing
according to ASTM D2515. Flow times of between from a¢ like state to a state where the effects of the

90 s and 200 s were obtained, so kinetic energy correGxcluded volume may not be negligible and follows the
tion can be neglected. The concentrations were chosa@ark-Houwink formula:

so that the range of relative viscosity fell between 1.1

and 1.8. The concentrations used were between 50 and [7] = KM2 (5)
10° g/m?.
At least five different concentrations were used, forwhere the Mark-Houwink exponent was found to
each sample, to calculate the limit: be a = 0.73440.004, and the constark = 66+
3 (mm?/g) in agreement with the literature [14].
[n] = lim Nlsp (1) The literature values ara =0.73 andK =7.1
=0 C (mm?/g), for PMMA in toluene at 298 K, but these
data were measured or\, range between.d x 1P
where and 33 x 10° g/mol.
Nsoluti The concentration dependence of the specific viscos-
solution . . K
Nsp = Neatvent -1 2 ity nsp: Of dilute polymer solutions can be expressed as
solven

a power series in concentratian,

andc is the concentration. The apparatus was held at K
298.K' . Nsolution = nsolvent(l + e Cl) (6)
Higher nsp measurements were carried out by a ro- —
tary rheometer Physica (UDS200 model); the geom-
etry used was a cone-plate geometry (ragiBs75 x It has been proposed [11, 15] that this equation could
102m, angle= 1.74 x 10~2rad, gap=50 x 10°°m).  be simplified by the following equation:
The measurements were performed in strain control
mode and held at 298 K. nsp= c[n] + kn(c[n])? + ba(c[n])" @)
The values of §] versusM,, are shown in Fig. 1.
Some of these data are taken from the literature [4, 12] According to Kulicke [11] in Fig. 2 we have plotted
the specific viscosityjs, versus the coil overlap param-
eterc[n] for PMMA in toluene. In this plot the three
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Figure 2 The specific viscosityrfsp) as function of the overlapping pa-
Figure 1 The intrinsic viscosity (f]) as function of molecular mass rameter €-[n]) for PMMA in toluene. Square hollow symbols are data
(Mw) for PMMA in toluene. Hollow symbols are own data; filled symbols measured by Ubbelohde viscometer; circles filled symbols are data mea-
are literature data. sured by Physica rotary rheometer.
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regions (linear, quadratic, and proportional ¢fn{)"),
according to Equation 7, can be recognized [16].
The set of the best fit parameter for Equation 7 is:

kn = 0.324+0.02
b, = 0.25+ 0.02
n=406+024

It should be noted that the valuesmfio not agree

Ing. Werner Michael Kulicke and all the students of
his staff, particularly to Dr. Martin Kix, that were close
to him with their kindness and friendship during his
stage at the Institute of Technical and Macromolecule
Chemistry (TMC) Hamburg University. Thanks to
everybody.
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