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The creep characteristics of heat-polymerized and auto-polymerized
dough and pour type denture base materials were measured at 23. 37, and
50°C with emphasis on secondary steady state creep rates. The creep rales
were correlated to the processing conditions and material composition.
Two different creep mechanisms were evident. depending on the stress
levels. Below 20 — 40 MNm -2at 37°C, the creep was due to a homogeneous
deformation. At higher stress levels the creep was ascribed to an inhomo-

geneous deformation mechanism.

The lowest creep rates were found for the heat-polymerized materials.
Variations in the creep rates for the other materials’ could generally be

related 10 composition differences.
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The use of polymeric methacrylate mate-
rials for load bearing devices has initiated
research on the basic deformation beha-
vior of different types of denture base
polymers. Creep behavior in cantilever
bending (4-6), three-point bending (14)
and by indentation tests (8, 14) has been
reported. Heat-polymerized materials
have smaller initial deformation, less
creep and quicker recovery than auto-
polymerized materials (4, 5).

In dilational stress processes, €.g. ten-
sion and flexure, crazing plays an im-
portant role with respect to deformation
properties. Tensile creep experiments
have given a critical strain for crazing as
low as 8 - 10~ in air for poly(methylme-
thacrylate) (PMMA) (9). By using
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uniaxial compression tests the tendency
to brittle fracture and crazing of amor-
phous glassy polymers may to some ex-
tent be suppressed. A recent investigation
has, however, shown that crazes may ori-
ginate from flaws in the PMMA with a
non-dilational applied stress (1). In
uniaxial compression such crazes are for-
med at strains of between 6 - 10 and
8 - 10~ at a strain rate of 4.2 - 10-4s-'(10).

The method of uniaxial compression
was chosen to elucidate the «bulk» de-
formation properties of denture base
polymers. Creep behavior at various
stress levels applied at 23, 37 and 50°C
was studied. The influence of compo-
sition and processing conditions was
assessed.
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MATERIALS AND METHODS

The materials listed in Table 1 were in-
vestigated. They comprised heat-polyme-
rized and auto-polymerized dough and
pour type resins of different composition.
The powder/liquid ratios used were ac-
cording to the manufacturer’s instruc-
tions. The heat-polymerized resin speci-
mens were processed according to the In-
ternational Organization for Standardi-
zation Recommendation 1567 (ISO R
1567), ist Edition, June 1970. The auto-
polymerized resins were processed ac-
cording to manufacturer’s instructions.
Cylindrical test specimens with a dia-
meter of 3.5 mm and a length of 7 mm
were machined from the processed
plates.

The creep test was conducted at a con-
stant load on a creep apparatus. A lever
arm was used, and the force exerted on
the specimen was calibrated. The strain
was measured using a linear variabel dif-
ferential transformer (Hewlett Packard,
Palo Alto, CA). Special care was taken to
ascertain a parallel positioning of the
compression plates. Creep behavior was
determined at 23 + 1,37 + 0.2and 50 =
0.2°C in the compressive stress range of 5
to 75 MNm=Z The test lasted from a few

Table 1. Materials used in the investigation

minutes to 50 h depending on the creep
rate.

The data were calculated as secondary
steady state creep rates determined at
strains < 6 - 10 2. When the strain was
< 4 - 10 ~after 48 h loading the creep rate
was determined after shorter loading
times (30-40 h). The stress dependence of
the creep rate was expressed as 6", where
o is the nominal stress and n the stress
exponent.

RESULTS

The data from the creep experiments pre-
sented as a strain/time function are
shown in Fig. 1. Three steps can be distin-
guished: An initial rapid, nearly instanta-
neous, deformation, a primary creep
stage with decelerated creep and a secon-
dary, almost steady state, creep stage; the
latter stage being used for calculation of
creep rates. The data may also be pre-
sented as a log strain/log time function
with linear relationships (Figs. 2, 3). At
strains below 4-5 - 107 the curves are
parallel. At higher strain/stresses, the

Batch no.
Material Code Powder Liquid Manufacturer
Paladon 65 PD 5062900 5061472 Kulzer & Co. GmbH,
Palacast PC 6100080 610349 Germany
Palapress PP 6030545 6110357
Swe Base SB 603 602 Svedia Dental-
Swe Flow SF 514 612 Industri AB, Sweden
Swebond Compact sC 602 610
SR 3/60 SR 20784 1904 1V 5611| lIvoclar AG,
Ivocast IC 19821 19593 2109 1Z 4841 Liechtenstein
Quick 10 Qlo 22279 0904 IR 6485

PD, SB, and SR are heat-polymerized materials
PC, SF, and IC are auto-polymerized pour type materials
PP, SC, and Q10 are auto-polymerized dough type materials
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Fig. 1. Strain as function of time {creep) at 23°C for an auto-polymerized dough type material, Q10. After an
initial rapid deformation a primary stage with creep rates decreasing with time is found, followed by an almost

steady state secondary creep.

curves deviate, showing an increased
slope with increasing stress levels. The
strain values are higher for the pour type
material (Fig. 3) than for the heat-poly-
merized one (Fig. 2). The pour type mate-
rial has higher creep rates since the de-
viation from the parallelism of the curves
occurs at lower stress values. At high
strain with high stress a distinct defor-
mation occurred. This deformation was
practically fully recovered when the
specimen was heated to 120°C for 30 min
(Fig. 4).

The creep rates at 37°C and 50°C as a
function of stress are shown in Figs. 5-9.
A general feature in these curves is the
transition from a fairly small stress de-
pendence at low stress levels to high
stress dependence at high stress levels.
The stress exponent n at low stresses
(<23 MNm ) was 1.4 to 1.5 at 37°C and

it showed little variation for the nine ma-
terials. At  higher  stress levels
(> 46 MNm ?) n was found to be 10 to
11, and again about the same value for all
materials. The transition occurred at
stresses in the range of 20 to 40 MNm 2 at
37°C. The strain where the deformation
mode with the high stress dependence be-
came dominant was between 5 - 10 and
3.102

A comparison between the creep rates
of the materials with 46 MNm ~ nominal
stress at 23, 37 and 50°C is shown in Fig.
10. At 23°C the heat-polymerized mate-
rials had low creep rates, whereas higher
rates were found for the auto-polyme-
rized materials. At 37°C the creep rates
increased for all materials. The differen-
ces in creep rates seen at 23°C between
heat- and auto-polymerized materials
were amplified. One material (PP) occu-
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Fig. 20 Creep curves at 23°C of a heat-polymerized
material. SR Log strain v, log time at different
siress levels.

pied an intermediate position. At 50°C
the materials can be divided into two
groups: The heat-polymerized and the
auto-polymerized materials.

Only minor differences were seen in
creep rate among the heat-polymerized
materials at the same temperature. How-
ever, the creep rates were 20 times higher
at S0°C than at 37°C. Relatively large dif-
ferences in creep rate existed between the
different auto-polymerized materials.
For the whole group of materials when
tested at 50°C the highest creep rate was
about 10% times larger than the lowest.
This factor was about 3 - 10 at 37°C and
about 15 at 23°C.

DISCUSSION

Denture base polymers represent a
complex group of materials. They are
made from polymer beads and monomer
liquids of many formulations (11-13). A
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Fig, 30 Creep eurves at 22 C of anm auto-polymerized
pour type material. 1O Tog strain v, log time
different stress levels,

Pig, 4 Thermal recovery of g deformed denture
base material. PP A Specimen before deformation.
B:specimen detormed by compression. and stored
for sin months at 23C. e an apparent permanent
deformation. Cr After heating at 120C for 30 min
the original form and size of the specimen was ro-
covered.

polymerized denture base material is as-
sumed to be a multiphase system with
three main phases, i.e. the part of the
polymer beads which has not been pene-
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Fig. 3. Secondary creep rates at 37°C as a function of
stress for an auto-polymerized pour type material,
PC: an auto-polymerized dough (ype material, PP:
and a heat-polymerized material. PD. All materials
comtained 1.4-BDMA as cross-linking agent.
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Fig. 6. Sccondary creep rates at 37°C as a function of
stress for an auto-polymerized pour type material,
IC, an auto-polymerized dough type material, Q10.
and a heat-polymerized material, SR. All materials
had 8 10 9% of the cross-linking agent EGDMA.

trated by the monomers, the part of the
polymer beads penetrated by the mono-
mers forming a final interpenetrating
network (IPN) (2) and a matrix from the
monomer liquid. The ratio of the phases
in a given material depends on the type
of material, processing conditions, and
powder/liquid ratios.

Several creep equations have been pro-
posed for PMMA, but they are all more
cumbersome to use than graphical pre-
sentation (16). For polymers, in general,
it has been established that the resistance
to creep in a uniaxial compression is
superior to the resistance to creep in ten-
sion (16).
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Iig. 7. Secondary creep rates for heat-polymerized
materials as a function of stress at 37 and S0°C with
9% EGDMA, SR: 3% EGDMA, SB: and 3.3%
I 4-BDMA. PD. in their monomer liguids.

A comparison of the secondary steady
state creep rates of materials with 3 to S
per cent of the cross-linking agent 1,4-bu-
tanediol dimethacrylate (1,4-BDMA) in
the monomer liquid (11, 13) demonstra-
tes that the creep rates are related to the
processing conditions (Fig. 5). This
dependence on the processing conditions
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Fig. 8. Secondary creep rates as a function of stress

at 37 and 50°C for auto-polymerized pour type ma-

tertats with 9.0% EGDMA_ 1C:2.5% EGDMA, SF:

and 4.4% 1.4-BDMA. PC. in their monomer liquids.

is also evident for the materials with 8 to
9 per cent of the cross-linking agent ethy-
lene glycol dimethacrylate (EGDMA) in
the monomer liquids (11, 13) (Fig. 6). The
apparent irregular crossing of the curves
of the auto-polymerized dough (Q10)
and pour type materials (IC) is probably
due to different composition of the pol-
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Fig. 9. Secondary creep rates as a function of stress
at 37 and 50°C for auto-polymerized dough type ma-
terials with 8% EGDMA, Q10;2.0% EGDMA, SC;
and 4.7% 1.4-BDMA, PP, in their monomer liguids,

ymer beads. The beads of IC are of
PMMA, whereas those of Ql0 are a
copolymer of MMA and approximately
20 per cent ethyl methacrylate (EMA)
(12). It is known that the compressive
yield stress (17) and softening point (3)
decreases with increasing size of the ester
group in methacrylate ester polymers.
Accordingly the creep of a polymer
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Fig. 10. Secondary creep rates as a function of tem-
perature for all denture polymers investigated.
when subjected Lo a nominal stress of 46 MNm 2

should increase with increasing amounts
of the ethyl methacrylate units, as de-
monstrated by increased creep rates at
low stresses for Q10.

The heat-polymerized materials sho-
wed only minor differences with respect
to creep rate, at both low and high stress
levels and at different temperatures. It
was, however, observed that the material
PD, with 3.3 per cent 1,4-BDMA as
cross-linking agent (11, 13) had the lo-
west creep rates at low stress values both
at 37 and S0°C (Fig. 7).

At low stress the pour type materials
had creep rates of about the same mag-
nitude. However, at higher stress the dif-
ferences increased, especially at 50°C.
These differences can be correlated to the
cross-linking agents in their monomer
liquids. The material IC with 9 per cent
EGDMA (11) had the highest creep rate,
and the material SF with 2.5 per cent
EDGMA (i1) had the lowest creep rate

(Fig. 8).
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The degree of conversion of mono-
mers to polymer is determined by the
polymerization temperature. Pendant
methacrylate groups will remain both in
the matrix and IPN of the resulting poly-
meric network system which may have a
plasticizing effect at low deformation
rates (13). With increasing content of
cross-linking agent the amounts of pen-
dant methacrylate groups should in-
crease. This was noted at higher stress
values for IC and also for the auto-poly-
merized dough type material Q10. Of the
auto-polymerized dough type materials
tested at 37°C, Q10 had higher creep rates
at low stress values than SC and PP (Fig.
9). This was probably due to the polymer
beads in QI0 which are copolymers of
MMA and EMA (12). The high content
of EGDMA in the monomer liquid of
Q10 (11, 13) may, in addition, contribute
to the high creep rates seen at high stress
levels. At 50°C the material SC, with 8 per
cent dibutyl phtalate in the monomer
liquid (13), also had relatively high creep
rates at the low stress values. This was
probably due to the plasticizing effect of
dibuty] phtalate at this temperature.

The slope at the lower part of the cur-
ves in Figs. 5 to 9 may represent a «bulk»
deformation implying a relatively homo-
geneous deformation at low stress levels.

At 2.8 - 10 strain in a uniaxial com-
pression fine diffuse shear zones or micro
bands initiate flaws in the PMMA,
whereas broad diffuse shear bands were
observed at strains of about 6 - 10>(10).
In multiphase systems like denture base
polymers, there is a high probability for
local stress concentrations to occur.

Secondary creep at high stress levels,
represented by the slope at the upper part
of the curves (Figs. 5-9), may be ascribed
to an inhomogeneous deformation
mechanism. This means that the strain is
localized in certain local regions, i.e. the
shear bands. In these shear bands strain
softening may take place, resulting in in-
creased creep rates.

At high creep values there was an app-
arent irreversibel deformation at isother-
mal conditions. In the shear bands it is
assumed to be an orientation on the mo-
lecular level. When annealed above the
glass transition temperature, sufficient
thermal energy is introduced into the ma-
terial to restore the original molecular
statistical disorder. It is known that a de-
formed glassy polymer test specimen
may recover its original dimensions
when heat-treated above its glass tran-
sition temperature (7).

At high stress levels the creep rates are
highly temperature dependent. The dif-
ferences in creep rates between materials
investigated increased with increasing
temperature (Fig. 10). These circum-
stances may be explained by increased
thermal motions of the pendant meth-
acrylate groups, which separate the main
chain segments of the polymer back-
bones. However, the heat-polymerized
polymers had the lowest creep rates at all
temperatures and stress levels, irrespec-
tive of composition.
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