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Historically, dynamic mechanical 
analysis (DMA) measurements 
have focused on the analysis of 

materials as a function of an imposed 
temperature profi le. However, most con-
sumer products are subject to a variety of 
both temperature and relative humidity 
(RH) conditions during processing, stor-
age, and end use. It is thus desirable to 
probe the combination of temperature 
and RH on the mechanical properties of 
materials to fully understand the environ-
mental effects on structure and stability. 
DMA instruments often employ an inert 
purge to aid in temperature control and 
minimize thermal gradients. This purge 
effectively reduces the chamber relative 
humidity to very low levels, complicating 
the investigation of the effects of moisture 
or humid atmospheres on the mechanical 
behavior of materials.

The DMA-RH accessory, for use with the 
Q800 dynamic mechanical analyzer (Fig-
ure 1) (TA Instruments, New Castle, DE) 
is an integrated unit that includes the fol-
lowing major hardware components:

• The sample chamber mounts on the 
DMA in place of the standard furnace 
and completely encloses the sample. Pel-
tier elements control the temperature to 
within ±0.1 °C. The DMA-RH sample 
chamber accommodates standard DMA 

clamps such as tension, canti lever, and 
three-point bending. The sample cham-
ber is quickly and easily removed, allow-
ing for rapid conversion back to the stan-
dard DMA furnace confi guration.

• A heated vapor transfer line is main-
tained at a temperature above the dew-
point temperature of the purge gas in 
order to avoid condensation.

• The DMA-RH accessory cabinet con-
tains the humidifi er and associated elec-
tronics, which precisely controls tem-
perature and humidity of the sample 
environment. The Q800 DMA com-
municates directly with the accessory 
and automatically controls all subsys-
tems that are associated with generat-
ing and maintaining both temperature 
and humidity using Thermal Advantage 
instrument software.

The DMA-RH accessory provides a wide 
range of combined temperature and rela-
tive humidity, as shown in Figure 2. Table 
1 provides the operating specifications. 
Operating modes include: isothermal/
isohume, isothermal/step RH, isother-
mal/ramp RH, isohume/step temperature, 
isohume/ramp temperature, and step tem-
perature/step RH. All of these operating 
modes are fully programmable using the 
Thermal Advantage software and associ-
ated method editor utility.

Results and discussion
Analysis of Nylon 6
Nylon 6 is strongly plasticized by water; as 
such the mechanical properties of this poly-
mer will be dependent on the surrounding 

relative humidity.1 The data in Figure 3 
illustrate the effect of relative humidity 
on the glass transitions of Nylon 6 as mea-
sured on the Q800 DMA equipped with 
the DMA-RH accessory. In this experi-
ment, a sample was analyzed in single can-
tilever mode at a frequency of 1 Hz over 
the Tg temperature range at a variety of 
constant RH conditions. As expected, the 
mechanical properties are infl uenced sig-
nifi cantly by the imposed relative humid-
ity. The glass transition peak in tan δ is 
suppressed nearly 40 °C over an imposed 
relative humidity range of 75% RH.

The versatility of the DMA-RH accessory also 
allows for the Nylon 6 sample to be analyzed 
under isothermal conditions, with an applied 
RH ramp. The data in Figure 4 contain the 
results from this experiment in which the 
sample was held isothermal at 35 °C while the 
humidity was ramped at 0.2% RH/min from 
5 to 95% RH. Under these conditions, the 
Tg is identifi ed by the peak in tan δ at 50.6% 
RH. The lower Tg temperature relative to the 
previous plot likely indicates diffusion effects 
or hysteresis in the sample.

Figure 1 Q800 DMA and DMA-RH 
 accessory.

Figure 2 Operating range for the DMA-RH 
accessory.

Table 1 DMA-RH accessory operating specifi cations
Temperature range 5 °C–120 °C
Temperature accuracy ±0.5 °C
Heating/cooling rate ±1 °C/min over entire temperature range
Humidity range See humidity range chart (Figure 2)
Humidity accuracy 5–90% RH: ±3% RH
 >90% RH: ±5% RH
Humidity ramp rate 2% RH/min (fi xed), both increasing and decreasing

AL.pg12-15.Aubuchon.LO.indd   1AL.pg12-15.Aubuchon.LO.indd   1 8/3/09   3:43:37 PM8/3/09   3:43:37 PM

Reprinted from American Laboratory, August,  2009

TA 371



Analysis of gelatin capsule material
Gelatin is a naturally occurring mate-
rial that is used in a wide array of appli-
cations, most typically in foods, and 
in pharmaceutical, photographic, and 
technical products. The use of gelatin 
in the manufacture of various pharma-
ceutical dosage forms dates back to the 
early nineteenth century and possibly 
earlier.2 When stored in an ambient, 
low- humidity environment, gelatin is 
remarkably stable. However, when com-
bined with water, gelatin forms a semi-
solid colloid gel, and this can profoundly 
affect its mechanical properties. Particu-
larly as it relates to storage and handling 
conditions, it is important to understand 
and quantify these effects in situ.

The data in Figure 5 illustrate the effect 
of increasing relative humidity on a gel-
atin sample cut from the side wall of a 
two-piece capsule at both 25 °C and 40 
°C. In each case, as the relative humid-
ity is increased, the material undergoes 
a  multistep transition, resulting in a sig-
nificant decrease in modulus near 80% 
RH. The transition is resolved in both the 
modulus and tan δ signals. Pharmaceutical 
materials are often stored in bathrooms, 
which are typically the hottest and most 
humid locations in a dwelling. The com-
binations of temperature and RH can eas-
ily achieve those shown in the example, 
which could result in storage and stability 
concerns. These data suggest that even at 
ambient temperature, the storage condi-
tions for gelatin capsules should be main-
tained below 70% RH to ensure mechani-
cal integrity of the material.

Analysis of pasta product

Moisture content in cooked pasta is the pri-
mary factor affecting texture and mouth-feel, 
two properties that are directly related to the 
mechanical behavior of the material. The 
control of these parameters is of great inter-
est to pasta manufacturers, since precooked 
products are becoming increasingly popular. It 
is known that a distinctive moisture distribu-
tion in pasta can be correlated to the so-called 
“al dente” state.3 The goal is to develop pre-
cooked pasta with an al dente texture similar 
to that of freshly prepared pasta. However, the 
texture of pasta de teriorates very rapidly after 
cooking and during distribution to stores. It is 
thus important to understand the combined 

effect of temperature and humidity on the 
pasta structure, to optimize the production, 
transportation, and storage stability, as well as 
to control the texture and end-use properties.

The data in Figure 6 show the result of 
cycling RH on fettuccine pasta measured 
in a single cantilever at 60 °C. The RH 
was scanned from 0 to 95% and back to 
0% at 0.08% RH/min (step-iso). It is 
clear from these results that the struc-
ture of the pasta material undergoes a 
signifi cant softening near 70% RH. On 
increasing the RH, the relatively sharp 
tan δ peak suggests a rapid decrease in 
mechanical strength, which can be cor-
related to the onset of the al dente tex-
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Figure 3 Isohume DMA-RH analysis of Nylon 6. Figure 4 Isothermal (35 °C) DMA-RH analysis of Nylon 6.

Figure 5 Relative humidity ramp of gelatin material at 25 °C and 40 °C.
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DYNAMIC MECHANICAL ANALYSIS continued

ture. Upon decreasing the RH, the tran-
sition exhibits reversibility; however, 
the material does not regain the origi-
nal modulus of the dry pasta. This could 
be attributed to water retention in the 
structure, which plasticizes the material, 

or to an irreversible change in morphol-
ogy, such as gelation or gelatinization of 
the starch molecules. The latter is more 
likely, as corresponding gravimetric 
sorption analysis data indicate complete 
reversibility in water uptake.

Analysis of Nafi on® 112

Recent research4 has focused on alternative 
fuel technologies including Proton Exchange 
Membrane Fuel Cells (PEMFC), which con-
tain polymeric membranes such as Nafion 

14      AMERICAN LABORATORY • AUGUST 2009

Figure 6 RH cycle (60 °C) of fettuccine pasta. Figure 7 Stress relaxation of Nafi on 112 under varying conditions of tem-
perature and RH.
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112 (Nafion is a registered trademark of 
E.I. du Pont de Nemours and Co. [Wilm-
ington, DE] or its affiliates). PEM proper-
ties can signifi cantly change as functions of 
time and exposure to elevated temperatures 
and humidity, since water is the primary by- 
product of the electrochemical reaction of 
the fuel cell. Nafi on is widely used in PEMFC 
technology developed for automotive appli-
cations, where the required operational range 
is from 80 °C to 110 °C. It has a high power 
density and is well known in the industry. It 
is understood that the Nafi on membrane will 
experience various hydration levels within 
the fuel cell environment during operation. 
As such, stress relaxation experiments at 
different combinations of temperature and 
relative humidity can help characterize poly-
mer swelling, and the resultant impact on 
mechanical characteristics.

The results in Figure 7 show the stress relax-
ation modulus of the Nafi on 112 membrane 
at two different combinations of temperature 
and relative humidity. The upper blue curve 
was measured at 25 °C/50% RH, to simu-
late typical ambient conditions. The lower 

red curve was measured at 85 °C/85% RH, a 
more aggressive atmosphere nominally cho-
sen as it represents an electronic materials 
standard. From the data in Figure 7, it is clear 
that the mechanical properties of the Nafi on 
material are strongly infl uenced by the sur-
rounding environment. Under the simulated 
ambient conditions, the relaxation modulus 
is relatively stable. Increasing the tempera-
ture and pressure effectively decreases the 
initial relaxation modulus by 4×. In addi-
tion, the time-dependence of the relaxation 
modulus is more profound, exhibiting a con-
siderable decrease between 1 and 20 min, 
ultimately resulting in a relaxation modulus 
approximately 10× lower than that measured 
under ambient conditions.

Summary
The Q800 dynamic mechanical analyzer and 
DMA-RH accessory provide a wide range of 
temperature and relative humidity. The versa-
tility of the accessory allows for programming 
of static or dynamic conditions of atmospheric 
control, enabling the mechanical analysis of a 
diverse spectrum of materials.
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