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Several authors1'2 have reported differential
plots of the rate of cooling versus the temper-
ature of waxes. Lange and Jochinke,3 Smith
et al.,4 Lorant,5 and Uchida6 used differen-
tial thermal analysis for examining phase
changes in a variety of waxes, whereas
Martin et al.7 studied infrared absorption as
a method for determining phase changes.
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FIG. 1.-Schematic sketch of the differential
thermal analysis (DTA) cell.

Since phase changes generally result in
dimensional changes, the temperatures at
which the phase changes occur in waxes and
the influence of adding one wax to another
are important in understanding the behavior
of waxes. Differential thermal analysis
(DTA) offers a useful tool in the study of
phase transitions. This study examines the
temperature of phase transitions for various
commercial, dental, and combined waxes.
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FIG. 2. The DTA curves of paraffin wax at
three rates of heating. (Note: One inch on the verti-
cal scale of all thermograms is equivalent to the dis-
tance from 0 degrees to 20 degrees on the horizontal
axis.)

Materials and Methods
The waxes were subjected to differential

thermal analysis as obtained from the sup-
plier* or blended as indicated

Differential thermal analysist was carried
out from 250 to 200'C. for the various

* Ross Company, Jersey City, N.J.
1 DuPont 900 Differential Thermal Analyzer, E. I.

duPont de Nemours & Co. (Inc.), Instrument Products
Division, Wilmington, Del. 19898.
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FIG. 3.-The DTA curves for paraffin and carnauba wax and combinations
containing these waxes.
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waxes. The analysis was conducted in a
nitrogen atmosphere, and a heating rate of
20'C. per minute was used except in two
selected runs in which rates of 5° and 10C.
per minute were chosen.
The thermal analysis cell is shown in Fig-

ure 1. The reference thermocouple was
placed in glass beads and was connected to
the sample thermocouple so that the dif-
ference in temperature (AT) was recorded.
A third thermocouple was placed at a sym-
metrical position in the cell to record the
temperature (T). The output from these
thermocouples was fed into an x-y recorder
which gave plots of AT versus T. When the
reference and the sample were heated at the
same rate, a plot of T versus AT gave a
straight horizontal line, but when the sample
absorbed heat more slowly than did the ref-
erence as a result of a transition, a decrease
in AT occurred. This decrease resulted in a

peak with a minimum at the transition tem-
perature and indicated an endothermic
change. If the transition is exothermic, a
maximum peak is observed.

Results
Thermograms of paraffin wax* are shown

in Figure 2 for rates of heating of 50, 100,
and 20'C. per minute. Higher rates of heat-
ing increased the sensitivity of the thermo-
grams but decreased the resolution of the
solid-solid transformations at 32° and 35°C.
The solid-liquid transformation or melting
point of paraffin occurred at 52'C. The heat
of solid-solid transitions was 11.3 cal./Gm.,
and the heat of melting was 42.3 cal./Gm.
for paraffin wax.
Thermograms of paraffin and carnauba

wax and combinations of these waxes are
shown in Figure 3; those of paraffin and
beeswax are given in Figure 4. The peak
temperatures represent the means of five
replications of the thermograms. Analyses
of variance were calculated for paraffin and
combinations containing carnauba wax as
well as for carnauba wax and combinations
containing paraffin. The analysis for paraf-
fin and combinations with paraffin showed
that the values of the peak temperatures
characteristic of paraffin varied for the dif-
ferent waxes at the 0.01 level of confidence
(F3,48-31.1 > 4.31). Ranking was done
according to Duncan's new multiple range

* Ross fully refined paraffin wax, manufactured by
Ross Company, Jersey City, N.J.

test, and, when all three peaks were used for
100 percent paraffin and a combination of
75 percent paraffin and 25 percent carnauba
wax, they were statistically different than
those for the combinations containing 50
and 75 percent carnauba wax at the 0.01
level. When only the melting transition was
considered, the mixture containing 75 per-
cent carnauba wax was the only sample that
differed (about 1.5°C. lower) from the com-
binations containing carnauba wax or from
paraffin at the 0.01 level.
The analysis of variance for the peak tem-

perature as a function of waxes was deter-
mined for carnauba wax and combinations
containing paraffin wax. An F3,32 of 115.5
was greater than 4.51, the critical value at
the 0.01 level, which showed that the peak
temperatures were different for these waxes.
Ranking, as before, showed that combina-
tions of carnauba and paraffin wax had the
same peak temperatures but that the peak
temperatures for pure carnauba wax were
different (approximately 50 to 60C. higher)
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FIG. 4.-The DTA curves for paraffin and bees-
wax and combinations containing these waxes.
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from those of the combinations at the 0.01
level.
An analysis of variance for the peak tem-

peratures associated with paraffin was deter-
mined for pure paraffin and for combinations
containing beeswax and those associated
with beeswax containing paraffin. F2,42 of

0.37 and F1,1 of 0.30 compared with critical
values of 5.18 and 8.29, respectively, at the
0.01 level establish that additions of beeswax
to paraffin did not significantly influence the
transition points characteristic of paraffin
and vice versa. In spite of these results, the
thermogram for 75 percent beeswax and 25
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FIG. 5. Onset and completion of melting temperatures for paraffin wax mixed
with carnauba wax or beeswax.

MELTING

RANGE

AT, . 50.

40.

30.

20

10

100

0

0

75

25

25

50

50

50

COMPOSITION (%)

25

75

75

O PARAFFIN

t00 BEES WAX

100 CARNAUBA

FIG. 6.-Melting range of paraffin wax combinations containing carnauba wax

or beeswax as determined from DTA curves.

Vol. 46, No. 5

k, %Ilki`1% -.- ',%.
%

1%, 1%.N11

1.



1094 CRAIG, POWERS, AND PEYTON

percent paraffin had peaks characteristic of
both waxes whereas, in the thermogram for
50 percent each of beeswax and paraffin wax,
the paraffin wax suppressed the peaks associ-
ated with beeswax.
The effect of additions of carnauba or

beeswax to paraffin wax on the onset and
completion of melting, as indicated by the
thermograms, is shown in Figure 5, and the
melting ranges for the various combinations
are given in Figure 6. The most noticeable
features of these data are the great effect of
small additions of carnauba wax on increas-
ing the melting range. Also, major additions
of carnauba or beeswax to paraffin wax had
little influence on the onset of melting, and
beeswax had less effect on the completion of
melting than did carnauba.

Thermograms of ester waxes, candellila,
ouricury, and montan, are shown in Figure
7, with melting transitions at 65°, 820, and
83 C., respectively. Candellila and ouricury
wax had a melting range of 33°C., whereas
montan wax had a melting range of 450C.
The thermograms of four hydrocarbon

waxes-barnsdahl, ceresin, litene, and poly-
ethylene are given in Figure 8. Barnsdahl
wax is characterized by a single transition at
860C. and a broad melting range of about
580C. Litene has two transitions, at 540 and
720C., and a narrower melting range of
30'C. Ceresin and polyethylene waxes had
numerous transitions and broad melting
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ranges of 450 and 60'C., respectively. Cere-
sin wax had transitions at 34° and 370C.
which were reminiscent of those of paraffin
wax.
The thermograms of three dental inlay

waxes (A,* B,t Ct) are shown in Figure 9.
The hydrocarbon waxes used in their com-
pounding had melting transitions between
580 and 600C.

Discussion
Comparison of published thermal analysis

measurements'-" for paraffin wax indicates
a similarity with those attained in this study
except, previously, none or one rather than
two solid-solid transitions were reported.
The two solid-solid transitions may be ex-
plained on the basis of the crystal structure
of paraffin wax.9-11 As shown by radio-
graphic studies, paraffin wax crystallizes
from the melt in hexagonal close-packed
structure with the long axis perpendicular to
a basal plane. Odd-numbered paraffin hydro-
carbons transform from hexagonal to or-
thorhombic with the long axis perpendicular
to the basal plane. Low and high molecular
weight even-numbered paraffin hydrocar-
bons transform to triclinic or monoclinic lat-
tice. Thus, the two solid-solid transitions
could result in a paraffin wax having a com-
bination of odd-numbered and even-num-
bered hydrocarbons that transform to the
hexagonal lattice on heating, thus giving
only one solid-liquid transition.
More transitions were detected in the

present study than in previously reported
studies of hydrocarbon and ester waxes, thus
indicating the improved sensitivity of the
differential thermal analyzer. Interpretation
of the various peaks from thermal analysis
alone is not possible.
The measurements of melting points, as

determined by DTA, indicated that addition
of large amounts of carnauba wax to paraffin
wax had little effect on the melting point; 50
percent to 75 percent of this wax was added
before a detectable change in melting point
of paraffin wax was noticed. These findings
are in agreement with observations of Craig
et al.,12 but they are not in agreement with
those given in current textbooks on waxes

°' ' Kerr blue inlay casting wax regular, manufactured
by Kerr Mfg. Co., Detroit, Mich.

t Kerr blue inlay casting wax hard, manufactured by
0 20 40 0 B0 100 20 i40 'C K(err Mfg. Co., Detroit, Mich.

T Dr. reck's purple hard wax, manufactured by KerrFIG. 7.-The DTA curves for ester waxes. Mfg. Co., Detroit, Mich.
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and dental materials where it is reported that
2 percent to 3 percent of carnauba wax will
increase the melting point of paraffin wax
150 to 200C. The principal result of adding
these waxes, particularly carnauba, to par-
affin is an increase in the melting range. This
combination provides a system in which the
paraffin wax melts, but the matrix of car-
nauba wax provides a viscous solid that can
be described as a gel.
The pronounced effects of carnauba wax

on the melting point of paraffin reported by
Ellis'3"14 and Koch et al.15 appear to be as-
sociated with the experimental method in
which flow properties and the effect of capil-
larity between the wax samples and the sup-
porting plate are important considerations.
The agreement between previously reported
melting points determined by use of the cap-
illary tube' method and the solid-liquid tran-
sitions from DTA measurement was excel-
lent. Reported temperature breaks in the
thermal expansion curves' for hydrocarbon
waxes are in agreement with the solid-solid
transition temperatures observed in this

study, although the DTA values were 40 to
6VC. higher. Ester waxes had solid-to-liquid
transformation temperatures 10° to 20'C.
higher than transitions indicated by the
thermal expansion data.
The thermograms for combinations of par-

affin and carnauba wax indicated the data
could be used to analyze combinations for
these ingredients, but similar data for com-
binations containing paraffin and beeswax
illustrated that quantitative analyses could
not be obtained and qualitative analyses
would be in question. As shown in Figure 9,
the dental waxes were composed of a hydro-
carbon wax with a melting point of 570 to
600C., and of a plant wax (probably car-
nauba) with a melting point, corrected for
the influence of hydrocarbon wax, of 80° to
820C. The repression of the peak at 440C.
with wax C suggests the presence of bees-
wax.

Candellila, ouricury, carnauba, and mon-
tan waxes and beeswax had transitions be-
tween 50° and 70'C. melting the melting
transition, which suggests the presence of
hydrocarbon waxes. Montan wax had a
broad melting range from 250 to 920C. with
numerous transitions, suggesting a complex
combination of hydrocarbons, alcohols,
acids, and esters. Ceresin, litene, barnsdahl,
and polyethylene waxes had broad melting
ranges, indicating that they were composed
of various hydrocarbons. The increased
toughness of the microcrystalline waxes-
barnsdahl and litene-and polyethylene wax
is partially related to the melting range.
These waxes could be considered substitutes
for paraffin wax when this quality is desired.

Summary
Transition temperatures from 20° to

200'C. have been determined for a variety
of waxes and combinations of waxes by dif-
ferential thermal analysis (DTA). Addi-
tions of carnauba wax to paraffin wax influ-
enced the transitions of the latter when the
former was present in large concentrations;
75 percent carnauba in paraffin wax lowered
the melting transition about 1.50C. Addi-
tions of 2 5 percent paraffin to carnauba wax
decreased the melting transition of the latter
about 50 to 6°C.; further increase in paraffin
wax above 2 5 percent did not alter the melt-
ing transition associated with carnauba wax.
No influence on the transitions was observed
with combinations of paraffin and beeswax,
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although 50 percent or more of paraffin wax
completely suppressed the transition associ-
ated with beeswax.
The major influence of small additions of

carnauba to paraffin wax was a pronounced
increase in the melting range; addition of
beeswax to paraffin wax did not produce
comparable results.
The three transition temperatures of par-

affin wax have been interpreted in terms of
crystal structure from published radio-
graphic values. The two solid-solid transi-
tions at 3 2 ° and 3 5 GC. have been interpreted
to represent the transformation of some hy-
drocarbons from hexagonal close-packed to
orthorhombic structure and others from hex-
agonal to monoclinic or triclinic structure.
Thermograms for dental waxes were in-

terpreted in terms of those obtained for nat-
ural waxes. It was observed that DTA would
not be suitable for quantitative analysis and,
at times, questionable for qualitative analy-
sis of waxes. Thermograms of natural and
one synthetic wax were discussed in terms of
their possible use in dental applications.

Melting transitions from DTA were in
good agreement with capillary tube melting
points, and the solid-solid transition showed
a general relationship to discontinuities in
thermal expansion curves.
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