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Abstract:
A method is described for the determination of the saponifica-
tion values of waxes using microwaves in place of conventional
heating. Statistical analysis shows that the new method gives
the same results as the conventional method in spite of a
dramatically shortened analysis time.

Introduction
Waxes have been known to mankind for several thousands

of years and are today a widely used chemical commodity
throughout the world (ca. 800 000 tonnes marketed per
annum) due to certain intrinsic and valuable properties.1,2

They are used, for example, in candles, polishes, hot-melt
adhesives, lubricants, electrical insulation, paper coatings,
inks, cosmetics, pharmaceuticals, textile processing, and
food-related applicationssincluding chewing gum. Different
sources tend to define waxes differently, but it is generally
agreed that they are hydrocarbon-based materials and solid
at room temperature. They are usually classified according
to their origin: they can be derived fromnatural sources
(animal, vegetable, or mineral, e.g., beeswax, lanolin, car-
nauba, and montan waxes),petroleumsources (e.g., paraffin
waxes from crude oil), orsyntheticsources (e.g., polyolefin
and Fischer-Tropsch waxes).1,2

The natural waxes contain oxygen functional groups,
which give the waxes certain advantageous properties. The
petroleum and synthetic waxes, on the other hand, are purely
hydrocarbon waxes but are commercially oxidized by reac-
tion at elevated temperatures with air or oxygen, thereby
adding value to these waxes and making them suitable for
other applications. Complex mixtures of oxygen functional
groups generally result from such treatment, and it is usual
to characterize the product by determination of the saponi-
fication number, a value which indicates the number of acid
and ester groups in a substance. The saponification number
(or value) is defined as the number of milligrams of
potassium hydroxide required to hydrolyse 1 g of thesample
and is a measure of the amount of saponifiable matter present.
It is a particularly important parameter for users of oxidized
waxes, both natural and synthetic, as ester functionality
determines the utility of the wax, and the value itself
constitutes a significant quality control test.

An ASTM method exists3 which involves refluxing the
wax for a substantial time (over 3 h) with an excess of base
(KOH) in ethanol. The excess KOH is determined by titration
with HCl solution, whereafter the saponification value is
determined from the amount of KOH consumed:

If the acid value has been previously determined (as is
usually the case), the ester value may be calculated by
subtracting the acid value from the saponification value.

Recently, we at Schümann Sasol Wax Research,4 in
collaboration with the Microwave Chemistry Research Group
at the University of Cape Town, have been investigating the
use of microwaves for various purposes and have subse-
quently developed a method for determining saponification
values using microwave heating. We have reduced the total
analysis time from more than 3 h per sample to as little as
30 min for four samples (typically the number of samples
our quality control laboratory desires to perform at any one
time) by substituting microwave digestion for the conven-
tional heating process and using methyl Cellosolve (2-
methoxyethanol) instead of ethanol, the change in solvent
being a modification introduced by Sasol several years ago.5

A preliminary account of this work was recently com-
municated.6 The reader is referred to a recent overview for
general information on microwave dielectric heating effects
and applications.7

Experimental Section
In the new method, the wax (1 g) is accurately weighed

into a Teflon sample digester (100 cm3) fitted with a rupture
membrane (bursting disk) system, commercially available
from CEM Corp.8 Potassium hydroxide in methyl Cellosolve
(30 cm3 of 0.1 mol dm-3) is added to the vessel by buret,
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and the vessel is closed.Caution: Methyl CellosolVe (2-
methoxyethanol) is poisonous!Three other vessels are
similarly prepared (with wax or as blankssa blank result is
necessary for calculation of the saponification value). The
vessels are evenly placed on a carousel (also available from
CEM Corp.), and the carousel is placed in the microwave
oven.

We use a 1000-W domestic microwave oven,9 which has
been modified on the basis of work by Pougnet.10 The
modifications11 entail replacing the control panel with new
switchgear, which allows the power to be controlled in
square-wave fashion (i.e., full power forx seconds, zero
power for x seconds, alternating, withx being selectable).
Experiment resulted in us using a periodicity of 4 s and a
total time of 15 ( 1 min. The reason for the periodic
application of power is to prevent the vessel from overpres-
surising. At the end of this time, the vessels are removed
from the oven and placed in cold water for cooling. This
takes about 5 min, until the vessels are sufficiently cool to
be opened.Caution: If the lid of theVessel is still tight, it
should be cooled further to ensure that the pressure inside
the Vessel is the same as that outside.

The solution is titrated in the vessel with aqueous 0.3 mol
dm-3 HCl using phenolphthalein as indicator. As with the
conventional method,3 the solution is titrated until it is nearly
colourless. The vessels are then closed and placed back in
the microwave oven for a further 5( 1 min. The vessels
are removed from the oven, cooled again in water, and
opened, and if the pink colour has reappeared, then the
solution is again titrated until it is colourless. The titration
values are added together, and calculation of the saponifica-
tion value is as for the conventional method:3

whereV1 andV2 are the volumes of 0.3 mol dm-3 HCl used
for the blank and sample, respectively,M is the molarity of
HCl, 56.1 is the molar mass of KOH, andm is the mass of
sample used in grams.

Results and Discussion
Samples of two different oxidized wax products, Paraflint

A1 (an oxidized wax with a typical acid value of 27 mg of
KOH/g) and Paraflint A2 (a saponified wax with a typical
acid value of 12 mg of KOH/g),12 were analysed by the

conventional method and the microwave method at least 20
times. The results are shown in Table 1, where the calculated
sample means and their standard deviations are also given.

We then used statistical hypothesis testing13 to confirm
that the means of the results from each method were the
same. The null hypothesis adopted was that the difference
between the means of the results given by the two methods
was zero (i.e., the means were equal). A two-tailedt test
was used with a significance level ofP ) 0.1 (i.e., 90%
confidence interval). This meant that there was a 10% chance
we would reject our hypothesis when, in fact, it was true.
There were 39 degrees of freedom for the Paraflint A1 data
[42 for Paraflint A2].14 Using standard statistical formulas,13

a pooled estimate of the standard deviation can be calculated
from the two individual standard deviations,sc andsm, giving
s ) 1.076 [1.052]. This value can then be used to find the
standard error of the difference between the two means,
giving sxj(c)-xj(m) ) 0.336 [0.318], whence the experimental
value of t ) xjc - xjm/sxj(c)-xj(m) ) -0.357 [0.314].

For both 39 and 42 degrees of freedom at a significance
level of P ) 0.1, the critical value of|t| is 1.68;15 since the
observed value of|t| is less than this (for both waxes studied),
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Table 1. Results of microwave versus conventional methods
for determination of saponification values of Paraflint A1
and A2 waxes (units are mg of KOH/g)a

Paraflint A1 Paraflint A2

conventional microwave conventional microwave

47.70 49.67 32.22 30.23
47.32 48.25 33.90 31.14
49.19 48.99 32.00 30.45
48.53 50.46 32.32 31.25
47.64 48.95 32.55 30.63
48.88 48.05 32.99 32.89
47.47 48.98 31.68 33.69
47.50 47.86 30.46 31.45
48.67 48.90 32.43 32.78
50.62 47.49 32.74 33.13
49.93 47.64 31.19 32.13
50.60 49.14 32.90 32.96
49.59 49.26 32.13 31.34
50.59 49.91 32.72 32.99
47.40 47.70 30.57 31.05
47.87 48.87 31.48 31.55
47.25 48.22 33.08 31.95
50.51 47.54 33.18 31.18
48.46 49.74 30.83 32.64
47.42 48.96 30.47 33.77
- 49.90 30.62 32.41
- - - 32.31
- - - 30.15

nc ) 20 nm ) 21 nc ) 21 nm ) 23
xjc ) 48.66 xjm ) 48.78 xjc ) 32.02 xjm ) 31.92
sc ) 1.254 sm ) 0.873 sc ) 1.018 sm ) 1.082

a The subscripts c and m refer to the results obtained by the conventional
and microwave methods, respectively.

saponification value, mg KOH/g) [(V1 - V2) × M × 56.1]/m
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the null hypothesis is accepted: the means of the results
given by the two methods are the same. We can confidently
use the microwave method in the knowledge that the results
are the same as those determined using the conventional
method.

Although we have made no attempt to monitor or control
the temperature or pressure within the vessels directly,16 the
statistical analysis shows that the analytical results are
reproducible, thus implying that the conditions inside the
vessels are reproducible. The consequent simplicity of the
method described is one of its attractive features.

The method is suitable for the determination of saponi-
fication values in waxy products in the range 0.1-100 mg
of KOH/g. Organic chlorides, nitriles, and amides may be
hydrolysed by the reagent and are possible sources of error.
Ketones interfere only slightly, but aldehydes consume alkali
and, therefore, interfere significantly if present in high
concentration. However, these interferences are unlikely to
be found in natural or synthetic waxes.

In conclusion, our results show that the microwave
method for the determination of saponification value gives

the same results as using the conventional method, with
repeatability and reproducibility at least the same as the
ASTM method,3 though there is some evidence indicating
that the microwave method has better repeatability. Ad-
ditionally, the reduction in analysis time from more than 3
h per sample to as little as 30 min for four samples
demonstrates the benefits of applying microwave technology
in the analytical laboratory. This method is now in everyday
use in the service laboratory (quality control) at Schümann
Sasol.17
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