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SYNOPSIS IN INTERLINGUA
LE FLUXO DE MIXTURAS BINARI E TERTIARI DE CERA. Esseva constatate que le fluxo es un plus sensibile
proprietate que le expansion thermic pro le studio del differential inter varie mixturas de cera. Le fluxo
de plure lots del mesme cera revelava significative differential, indicante que un sensible test como le
determination del proprietates del fluxo-debe esser usate in seliger cera pro objectives de recerca. Le
addition de cera de carnauba a cera paraffinic resultava in un reduction del fluxo e un augmento del tempe-
ratura de transition al qual un augmento marcate in le fluxo esseva observate. Le addition de cera de ape
a cera paraffinic reduceva le fluxo solo levemente. Le fluxo de mixturas tertiari de ceras non poteva esser
predicate a base del fluxo de mixturas binari.

The flow of wax subjected to a fixed load at
a specified temperature is a critical property
if the wax is to be used as a component of a
dental inlay or casting wax. The flow of
natural waxes that are used in the prepara-
tion of dental waxes was reported by Craig,
Eick, and Peyton.' Dental waxes normally
are mixtures of waxes with some oils and
resins, and the influence of these components
on the flow of the wax is of primary im-
portance.

Ellis2' 3 has published melting point
values and melting point curves for binary
mixtures of wax, and Koch, Hable, and
Wrangell4 have reported the melting points
of binary and tertiary mixtures of com-
mercial waxes. Koch and Concetta5 have
determined the influence of composition on
the specific gravity of binary mixtures of
wax. These studies, however, are the extent
of the information available in the literature
related to the important problem of the in-
fluence of component waxes on the proper-
ties of wax mixtures.
The three major types of natural waxes

used in dental waxes are (1) paraffin or
microcrystalline waxes, (2) plant or ester
waxes such as carnauba, and (3) beeswax.
Unfortunately, in the preparation of com-
mercial dental waxes, considerable variation
occurs in the various batches of natural
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waxes. The purpose of this study was first to
determine the variation expected in different
batches of natural waxes and then, with typ-
ical batches of paraffin, carnauba, and bees-
wax, to study the influence of composition on
the flow of binary and tertiary mixtures at
various temperatures.

Materials and Methods
Four different lots each of paraffin wax

(fully refined; melting point, 128 to 1300 F.),
beeswax (refined yellow U.S.P.) and car-
nauba wax (refined pure No. 1 yellow)
were used in the study.t The per cent flow
of each lot of wax was determined at two
temperatures in accordance with the Ameri-
can Dental Association Specification No. 4
for dental inlay casting wax. The linear
thermal expansion of the lots of paraffin wax
was measured at 20 to 340 C. as described
by Craig and others,1 and the per cent flow
was determined at 28 and 310 C. The flow
of beeswax was obtained at 34 and 400 C.,
and the thermal expansion was measured
at 20 to 500 C. Carnauba wax was tested for
flow at 75 and 77.50 C. and the thermal ex-
pansion was evaluated between 20 and
500 C.

Each lot of wax was divided into eight
equal parts, and a portion was melted from
each to prepare the specimens for flow and
thermal expansion determinations. When
the flow tests were conducted, test speci-
mens were chosen at random from the total

t Lot numbers 193, 274, 303, and 319, paraffin; 1788, 2170,
2183, and 2247, beeswax; and B- 1845-6, B- 1845-5, B- 1956,
and B-2318, carnauba. Ross Company, Jersey City, N.J.
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group of specimens. Using data from a
previous investigation' and choosing to have
a 10 per cent error on either side of the
mean, it was found that a maximum of seven
thermal expansion tests and six flow test
values were necessary to obtain a 95 per
cent confidence level. These numbers were
calculated as follows:

Number of samples

(confidence level X standard deviation 2
10 per cent of the mean

The experimental data were statistically
analyzed, using Duncan's multiple range
test7' 8 for ranking the means and determin-
ing which of the four lots were significantly
different. This test was superior to using
only a single factor analysis of variance,
which would indicate only whether there
was a significant difference between the four
means of each batch of wax when tested
under the same conditions and would not
indicate which mean or means were differ-
ent.
The lots of waxes that were not found to

be significantly different were combined and
the per cent flow of the following binary
mixtures was determined between 2 70 and 450
C.: 2.5, 10.0, and 25.0 per cent carnauba wax
in paraffin wax, and 2.5, 10.0, and 25.0 per
cent beeswax in paraffin wax. The following
tertiary mixtures also were tested: 2.5, 10.0,
and 25.0 per cent carnauba wax added to a
binary mixture of 10 per cent beeswax and
90 per cent paraffin wax. The per cent flow
was determined with a micrometer flow
tester* at a constant load of 2,000 Gm., and
the flow was recorded at half-minute inter-
vals for 10 minutes. The thermal expansion
curves were determined as previously de-
scribed.'

Results
The coefficients of thermal expansion

and the per cent of the various batches of
wax are listed in Tables 1 and 2. The means
were ranked using Duncan's multiple range
test. The vertical lines to the right of the
mean values indicate groupings that were
significantly different at the 95 per cent con-
fidence level. For example, the vertical line
extending from the high to low values of the
coefficient of thermal expansion of the four

* B. C. Ames Company, Waltham, Mass.

batches of paraffin wax at 20.0 to 26.30 C.
showed that the property was the same
within statistical limits. The linear co-
efficient of thermal expansion values indi-
cated significant differences only in the
batches of beeswax when tested at 37.9 to
50.0° C.
The per cent flow was more sensitive to

difference in batches than the thermal ex-
pansion. The per cent flow of the batches of
paraffin waxes 193, 303, and 319 at 280 C.
were alike, and batch 274 was significantly
different. The per cent flow of paraffin waxes
at 310 C. showed batches 193 and 274 and
batches 303 and 319 were alike, but the two
pairs were significantly different. The great-
est variation in flow properties occurred with
the batches of beeswax where all the batch-
es were significantly different at 34 or 400 C.
On the basis of the thermal expansion and

flow of the waxes, binary and tertiary mix-
tures were prepared from paraffin wax
batch 319, beeswax batch 2247, and car-
nauba wax batch B-2318.

Flow curves for binary mixtures of
paraffin and carnauba wax were determined
at many temperatures between 27 and
450 C. Typical curves are shown for par-
affin and paraffin containing 2.5, 10.0, and
25.0 per cent carnauba wax (Fig. 1 A-D).
In all instances, the rate of flow was most
rapid immediately after the initial applica-
tion of the load. After 1 to 4 minutes, the
rate of flow decreased. At 280 C., the per
cent flow was small for all samples and was
an inverse function of the concentration of
carnauba wax. The binary mixture of 2.5 per
cent carnauba wax and 97.5 per cent
paraffin wax flowed extensively at 310 C.
and the mixtures containing 10.0 and 25.0
per cent carnauba wax flowed little. At
37.50 C., or oral temperature, only the
binary mixture containing 25.0 per cent
carnauba wax showed substantial resistance
to flow, but at 43.00 C. even this mixture
flowed about 70 per cent after 10 minutes.

The flow of the binary mixtures of par-
affin and carnauba wax at all temperatures
studied is summarized in Figure 2, which
shows the per cent flow after being sub-
jected to 27 to 450 C. for 10 minutes at a
load of 2,000 Gm. In each sample of wax
there is a transition temperature which, if
exceeded, results in distinct changes in flow
properties. The addition of carnauba to
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TABLE 1

THERMAL EXPANSION OF BATCHES OF WAX

Mean Linear
Coefficient of

Temperature Thermal
Range Expansion

Wax (C.) Lot. No. (X10-6)

Paraffin 20.0-26.3 319 329
303 317
274 310
193 310

26.3-34.0 319 1424
303 1410
274 1360
193 1329

Beeswax 20.0-37.9 1788 311
2170 299
2183 298
2247 296

37.9-50.0 1788 957
2247 832
2170 706
2183 647

Carnauba 20.0-50.0 B-1845-C 157
B-1956 154
B-1845-S 150
B-2318 148

TABLE 2

FLOW OF VARIOUS BATCHES OF WAX

Temperature
Wax (C.) Lot No. % Flow

Paraffin 28.0

31.0

Beeswax 34.0

40.0

Carnauba 75.0

77.5

274
193
303
319
193
274
303
319
2183
2170
2247
1788
2170
2183
2247
1788

B-1956
B-1845-S
B-2318
B-1845-C
B-1845-C
B-1845-S
B-2318
B-1956

3.9
3.0
3.0
2.8

62.3
62. 1
58.8
57.9
14.2
2.8
1.2
0.6
77.9
77.2
75.8
72.6
1.1
0.9
0.9
0.8
74.1
72.6
70.3
69.6
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FIG. 1. Flow of paraffin wax and binary mixtures of paraffin and carnauba wax as a function of time
at (A) 280 C., (B) 310 C., (C) 37.5 C., and (D) 430 C. Circles = 100 per cent paraffin, triangles = 2.5 per
cent carnauba wax and 97.5 per cent paraffin, squares =10 per cent carnauba wax and 90 per cent paraffin,
and hexagons = 25 per cent carnauba wax and 75 per cent paraffin.
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paraffin wax strongly influenced the transi-
tion temperature, for example, the addition
of 25.0 per cent carnauba wax to paraffin
wax increased the transition temperature
from 280 C. to about 390 C.

The flow of mixtures of paraffin and
beeswax is not shown in the form of a figure
because, in concentrations up to 25 per cent,
beeswax had little influence on the flow of
paraffin. An increase in the transition tem-
perature of only 0.60 C. was observed from
the addition of 25 per cent beeswax.

The flow properties of tertiary mixtures
of paraffin, carnauba, and beeswax are
shown (Fig. 3). Increasing the concentration
of carnauba wax with respect to the mixture
of 90 per cent paraffin and 10 per cent bees-
wax had the same general effect on the flow
properties as when binary mixtures of
paraffin and carnauba alone were studied.
The mixture of 25 per cent carnauba and 75
per cent of the mixture of paraffin and bees-
wax flowed more at comparable tempera-
tures than did the mixture of 25 per cent
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carnauba and 75 per cent paraffin. In gen-
eral, the same effect, but to a lesser extent,
was observed for the other tertiary mixtures
having lower concentrations of carnauba
wax.

Discussion
The flow of waxes is a more critical meas-

ure of small differences between batches of
the same waxes than is the coefficient of
thermal expansion. This result should be
anticipated, since small amounts of low-
molecular-weight components, such as oils,
will change the flow substantially by a
plasticizing action but will have little effect
on the thermal expansion. The comparison
of physical properties of mixtures of wax
from various laboratories probably will
show considerable variation unless batches
are used which have comparable transition
temperatures indicated by flow or another
sensitive test.

The high-melting-point carnauba wax has
a pronounced effect on the per cent flow of
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FIG. 2.-Flow of paraffin wax and binary mixtures of paraffin and carnauba wax after 10 minutes at
27 to 450 C. Diamonds = 100 per cent paraffin, circles = 2.5 per cent carnauba wax, triangles = 10.0 per
cent carnauba wax, and squares = 25.0 per cent carnauba wax.
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402 CRAIG, EICK, AND PEYTON

paraffin wax and therefore is useful in ad-
justing the flow of wax mixture for a par-
ticular application in dentistry. The high
resistance to flow of carnauba wax is at-
tributed to the presence of the polar ester
groups and the resulting intermolecular at-
traction. The melting points of mixtures of
paraffin and carnauba wax as measured by
the capillary tube method' indicate little in-
crease in melting point of paraffin as a result
of adding carnauba wax up to concentra-
tions of 25 per cent. Partial melting was ob-
served at the normal melting point of
paraffin, as indicated by a change from an
opaque to a transluscent appearance, and
the melting was completed at a temperature
near the value for carnauba wax. This melt-
ing point information is in contradiction to
that of Ellis2' 3 and Koch, Hable, and
Wrangell,4 who used a method where the
melting temperature was measured by ob-
serving when a small disk of wax fell off a
brass plate submerged in a water bath. This
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FIG. 3.-Flow of tertiary mixtures of carnauba wax with beeswax and paraffin after 10 minutes at 27 to
450 C. Diamonds = 90 per cent paraffin and 10 per cent beeswax, circles = 2.5 per cent carnauba wax and
97.5 per cent mix (90 per cent paraffin and 10 per cent beeswax), triangles = 10 per cent carnauba wax and
90 per cent mix (90 per cent paraffin and 10 per cent beeswax), and squares = 25 per cent carnauba and
75 per cent mix (90 per cent paraffin and 10 per cent beeswax).

test involves some aspects of flow, which
may account for the observation that addi-
tion of 25 per cent carnauba to paraffin wax
increased the melting point by about 300 C.
This observation would agree with the flow
measurements but not the capillary tube
melting points.

The observation that the flow properties
of the tertiary mixtures are not additive is
of particular interest. The lower transition
temperature of the mixture containing 25
per cent carnauba wax with beeswax and
paraffin wax compared with a binary mix-
ture of 25 per cent carnauba and 75 per cent
paraffin wax is of particular interest, since
the effect of adding beeswax to paraffin wax
is to raise the transition temperature slight-
ly. A comparison of the means of the transi-
tion temperatures indicates there is sig-
nificant difference at the 99 per cent confi-
dence level. A possible explanation for these
observations is an increase in the mutual
solubility of paraffin and carnauba wax,
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since beeswax consists of considerable
quantities of hydrocarbon as well as ester
molecules, while paraffin wax is essentially
hydrocarbon and carnauba wax is primarily
ester in nature. The effect of this increased
solubility would be to interfere with the
matrix of high-melting-point carnauba wax
and reduce the intermolecular attraction be-
tween ester groups, thus reducing the transi-
tion temperature and increasing the flow.
Examination of these mixtures by using dif-
ferential thermal analysis and thermogravi-
metric analysis should provide information
to help integrate these observations.

Summary
The property of flow was used to study

binary and tertiary mixtures of wax, since it
was more sensitive to differences between
batches of wax than the thermal expansion.
The flow of various batches of the same wax
showed that significant differences may exist
between batches, and some sensitive test
should be used in the selection of waxes for
research studies.

Addition of carnauba to paraffin wax re-

suited in a reduction of the flow and an
increase in the transition temperature when
a definite increase in flow was observed.
Addition of beeswax to paraffin wax de-
creased the flow only slightly. The flow of
tertiary mixtures of the waxes could not be
predicted on the basis of the flow of binary
mixtures.
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