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In addition to generally used data (melting point, oil content ete.),
molecular mass data are being frequently utilized for characterizing paraffin
waxes, Knowledge of the molecular mass is, on the one hand, indispensable
for some special grading procedures ndM group composition test (Gross and
Grodde rating), and on the other hand, yvields in itself valuable information
on paraffin waxes [1 to 4].

Paraffin waxes are mixtures of various hydrocarbons. Their molecular
mass is an average value, defined by the nature and relative percentage of
the individual constituents.

Owing to practical reasons, the application of the numerous well-known
methods for molecular mass determination to paraffin waxes is rather
cumbersome. Therefore, based on the experimental data of FeErris and co-
workers [5], Miris, HirscaLER and Kurtz [6] developed, as early as 1946,
an empirical procedure specifically for the determination of the molecular
mass of paraffin waxes, having the advantage of being simpler and faster
than any other method. The only experimental data required are the meliing
point and the refractive index of the paraffin wax.

The objective of our work was to improve the nomogram constructed
by Miirs and co-workers, and to check the accuracy of the results obtainable
with the improved nomogram.

Nomogram for determining the molecular mass of paraffins

The original nomogram published by Mirrs and co-workers [6], repre-
senting the relationship between the molecular mass, the refractive index
at 80 °C and the melting point paraffin waxes is reproduced in Fig. 1.

The nomogram is to be used as follows: a perpendicular line is drawn
to the axis of abscissae at the point corresponding to the measured refractive
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Fig. 1. Original nomogram by Mills, Hirschler and Kurtz for the determination of the
molecular mass of paraffin waxes

index. Iis point of intersection with the appropriate melting point line,
projected onto the axis of ordinates, directly yields the molecular mass of
the specimen. The use of the original nomogram is somewhat inconvenient,
owing to the fact that it had been constructed for paraffins with melting
points of 20, 30, 40, 50, 60, 70, 80 and 90 °C only. Since, however, there
exists a regularity in the course of the empirical curves constructed by MizLs,
it should be possible to obtain a more detailed nomogram by graphical inter-
polation. We effected this by constructing the melting point lines at intervals
of 1°C. Qur detailed nomogram is shown in Fig. 2.

Accuracy of molecular mass values obtained by means of the nomogram

Miirs and co-workers reported that they checked the accuracy of their
method experimentally. The average difference between the results obtained
with the nomogram and with the control method was -+ 5%,. However,
due to the mentioned difficulties in determining the molecular mass of paraffin
waxes, the latter results also involved the risk of being inaccurate. Hence
it is difficult to decide whether the results obtained by the Miiis method
or by the control method were truer. We therefore also investigated the
accuracy of the molecular mass values obtained with our more detailed
nomogram. The samples investigated included tabular commercial macro-
crystalline grades (samples 1 and 2), macrocrystalline paraffin waxes with
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Fig. 2. Nomogram representing the relationship between the molecular mass, melting point
and refractive index for paraffins

enriched n-alkane content® (samples 3 and 4), and the microcrystalline
paraffin wax ceresine (sample 5). Melting point and refractive index data,
as well the molecular mass as read from these data in the nomogram shown
in Fig. 2 are summarized in Table 1.

The control method used for samples 1 to 4 was essentially the same,
while a different method was applied for sample 5. With samples 1 to 4,
we determined the distribution by carbon atom number of the individual
hydrocarbons in the paraffin wax. The sum of the products of molar ratio
and molecular mass of the individual constituents yields the average molecular
mass of the paraffin wax. Thermoosmometry was used to determine the
molecular mass of sample 5. The results obtained were as follows:

* Enrichment was carried out by using molecular sieves [7].
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Table 1
Characteristics of the samples
Sample
Characteristic
No. 1 No. 2 1 No. 3 | No. 4 | No. 5
Refractive index n§j 1.4265 1.4295 | 1.4256 1.4283 1.4420
Melting point, °C 525 58.0 L 525 610 LT
Molecular mass 350 388 343 381 . 575

Macrocrystalline paraffin waxes. The distribution by carbon atom number
in samples 1 to 4 was determined by gas chromatography, using a PYE 104
gas chromatograph fitted with a flame ionization detector. The chromato-
grams are presented in Figs 3 to 6. We also determined the distribution of
the constituents in sample 4 by mass spectrometry {7]. The data are summa-
rized in Table 2.

These methods allow only a limited accuracy of measurement for
individual constituents. However, we assumed that in our case, i.e. in a
multiconstituent system, inaccuracies relative to individual constituents will
compensate each other. The correctness of this assumption was confirmed
by the fact that the molecular mass values obtained for sample 3 by gas
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Fig. 3. Gas chromatogram of sample No. 1
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Table 2

Distribution of hydrocarbons by carbon atom number in myecrocrystalline paraffin vawes

Per cent by weight in sample
Number of Molecular 7
prisnss mes M No 1 ; No. 2 | o 3 No. 4
| | = | ®
\ ]
19 26853 | 014 | 0.23 0.25 0.6 0.27
20 28257 | 0.60  0.69 0.76 1.4 0.54
21 20660 | 223 138 2.03 2.9 0.80
22 310.63 5.36 1.83 3.57 7.4 1.07
23 324.66 12.39 2.75 11.14 15.0 1.61
24 338.69 16.52 4.59 16.71 19.8 241
25 352.72 18.01 7.80 18.99 18.2 3.36
26 366.75 17.22 14.22 16.20 15.8 10.19
27 380.78 12.76 16.97 12.15 10.5 13.67
28 394.81 8.63 17.20 9.11 5.5 19.30
29 408.84 4.32 14.68 4.30 2.1 17.43
30 422.85 1.37 8.72 2.28 0.8 14.75
31 436.90 0.45 5.50 0.51 — 7.51
32 450.93 —_ 3.44 — — 4.29
33 464.96 — — — — 0.80
Total 100.0 100.0 100.0 160.0 100.0
Table 3
Comparison of molecular mass values obtained nomographically and experimentally
Sample
No. 3
No. 1 Neo. 2 - No. 4 No. 5
a | b
Molecular mass nomographical 350 388 343 1 343 381 575
Molecular mass experimental 353* 383* 355% 1 346%* | 392% 579%**
Difference, % 0.8 1.3 3.4 1 0.9 2.9 0.7

*  Calculated from gas chromatography results by Eq. (1).
** (alculated from mass spectrometry results by Eq. (1).
*#*% Thermoosmometic experimental value.

chromatography (a) and mass spectrometry (b) were in good agreement,
although the percentages by weight of the individual constituents obtained
by the two methods differ (cf. columns *““a” and “b” for sample 3 in Tables
2 and 3).

3*
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The relative amounts of the individual constituents are obtained in
percentage by weight rather than in molar fractions by both gas chromatog-
raphy and mass spectrometry. The average molecular mass M was calculated
from these data by the following equation [8]:

M= _ (1)

n
Ty

o

where M is the molecular mass of the paraffin constituent, r; the cross corre-
sponding weight fraction, m and n the lower and upper limit of the carbon
atom number in the given paraffin fraction.

Molecular masses and distribution by carbon atom number of the
individual constituents are listed in Table 2.

The average molecular masses obtained by Eq. (1) and the differences
as compared with the molecular mass values obtained by the nomogram
are presented in Table 3, indicating that the differences are inferior to 49,.

Microcrystalline paraffin wax. The molecular mass of sample 5 was
measured by thermoosmometry, because neither gas chromatography nor
mass spectrometry proved successful for the quantitative determination of
the distribution of ceresine constituents.

The principle of thermoosmometry consists in the followings: a drop
of a solution and a drop of pure solvent are placed, at constant temperature,
into an atmosphere saturated with the vapour of the solvent. Since the
vapour pressure of the solution is lower than that of the pure solvent, conden-
sation of the solvent vapour onto the solution drop will start. As a result
of condensation, the temperature of the solution drop will increase. The
temperature difference between the solution drop and the solvent drop is
determined by a suitable instrument. The temperature difference is proportional
to the molarity of the solution. Hence, if a calibration curve is at disposal,
the molecular mass of the dissolved substance can be calculated [9, 10].

Using a Kramer vapour pressure osmometer, we prepared a calibration
curve with different concentrations of the model substance squalane [11, 12]
and subsequently determined the thermal effect with a ceresine solution
of known concentration (in g/l). From the molarity corresponding to the
obtained thermal effect on the calibration curve, the average molecular
weight of the sample was calculated as

M=

concentration of sample (g/1)

= 579 [13] in agreement with the
found molarity
nomographically determined value at an accuracy of 0.79, (Table 3).
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Fig. 4. Gas chromatogram of sample No. 2
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Summary

Improvement of a nomographic procedure developed earlier allowed to determine
the molecular mass of macro- and microcrystalline paraffin waxes at an accuracy of 49%,.
The only experimental data required for the procedure are the refractive index and the melting
point of the paraffin wax.
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