

















CHARACTERIZATION OF
MORPHOLOGICAL STABILITY

ANALYZING SMALL AMOUNTS
OF PHARMACEUTICALS

EVALUATION OF

AMORPHOUS STRUCTURE HYDRATE FORMATION
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SAMPLE THROUGHPUT: VTI-SA3 ORGANIC VAPOR SORPTION (VTI-SA) PACKAGING FILM ANALYSIS RATE OF DIFFUSION

RH Sample1 Sample2 Sample 3
% _Weight % Weight % Weight %
0.16  0.000 0.000 0.000

9.93 3478 4.083 3.505
60.01 24.143 25073  24.546
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Film Permeability

FP = (Slope)/(Cell Area)

. ) ) . Slope = 3.00E%

Drying at 60 ‘C, 0%RH Drying at 30 °C, 0%RH Diameter = 1.5 cm

FP = 1.70E% g/(min* cm?)

Ethyl Alcohol Uptake, Wt.%
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TECHNICAL SPECIFICATIONS

Maximum Force

18 N

Minimum Force

0.0001 N

Force Resolution

0.00001 N

Strain Resolution

1 nanometer

Modulus Range

10% to 3x10'2 Pa

Modulus Precision

+1%

Tan & Sensitivity

0.0001

Tan & Resolution

0.00001

Frequency Range

0.01 to 200 Hz

Dynamic Sample Deformation Range

+ 0.5 10 10,000 pm

Temperature Range

-150 to 600 °C

Heating Rate

0.1 to 20 °C/min

Cooling Rate

0.1 1o 10 °C/min

Isothermal Stability +0.1°C
Time/Temperature Superposition Yes
OUTPUT VALUES

Storage Modulus Complex/Dynamic Viscosity Time
Loss Modulus Creep Compliance Stress/Strain

Storage/Loss Compliance

Relaxation Modulus

Frequency

Tan Delta (3) Static/Dynamic Force

Sample Stiffness

Complex Modulus Temperature

Displacement
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DerORMATION MoDES & SAMPLE SizE

MobEs oF OPERATION

MULTI-FREQUENCY

The multi-frequency mode can assess viscoelastic properties as a
function of frequency, while oscillation amplitude is held constant.
These tests can be run at single or multiple frequencies, in time sweep,
temperature ramp, or temperature step/hold experiments.

MULTI-STRESS/ STRAIN

In this mode, frequency and temperature are held constant, and the
viscoelastic properties are monitored as strain or stress is varied. This
mode is primarily used to identify the Linear Viscoelastic Range (LVR).

CREEP/STRESS RELAXATION

With creep, the stress is held constant and deformation is monitored
as a function of time. In stress relaxation, the strain is held constant and
the stress is monitored vs. time.

CONTROLLED FORCE/STRAIN RATE

In this mode, the temperature is held constant while stress or strain is
ramped at a constant rate. This mode is used to generate stress / strain
plots to obtain Young's Modulus. Alternatively, stress can be held
constant with a temperature ramp while strain is monitored.

[SOSTRAIN

In isostrain mode, available on the Q800, strain is held constant
during a temperature ramp. Isostrain can be used to assess shrinkage
force in films and fibers.

% Strain/Stress % Strain/Stress

Strain/Stress

»
n
@
e

=

Q

&5
<

=

2

Temperature




Q800 TecHNOLOGY

DRIVE MOTOR

The Q800 uses a non-contact, direct drive motor to provide the
oscillatory or static force required. The motor is constructed of
high performance composites that ensure low compliance and
is thermostated to eliminate heat build-up even when using
large oscillation amplitudes and high deformation forces.
Sophisticated electronics enable the motor current to be
rapidly adjusted in small increments. The motor can deliver
reproducible forces over a wide range and the force can be
changed rapidly, enabling a broad spectrum of material
properties to be measured.

AIR BEARINGS

The non-contact drive motor transmits force directly to a
rectangular air bearing slide. The slide is guided by eight
porous carbon air bearings grouped info two sets of four near
the top and bottom of the slide. Pressurized air or nitrogen flows
to the bearings forming a frictionless surface that permits the
slide to “float.” The slide, which connects to the drive shaft and
sample clamp, can move vertically 25 mm and its rectangular
shape eliminates any twisting of the sample. Very weak
materials like films and fibers can be characterized with ease.

OprTICAL ENCODER

A high-resolution linear optical encoder is used to measure
displacement on the Q800 DMA. Based on diffraction patterns
of light through gratings (one moveable and one stationary),
optical encoders provide exceptional resolution compared to
typical LVDT technology. Due to the excellent 1 nanometer
resolution of the optical encoder, very small amplitudes can be
measured precisely. This combined with the non-contact drive
motor and air bearing technology provides excellent modulus
precision and high tan & sensitivity, allowing the Q800 DMA
to characterize a broad range of materials.

FURNACE

The Q800 features a bifilar wound furnace with automated
movement. The furnace design combined with the Gas
Cooling Accessory provides for efficient and precise
temperature control over the entire temperature range, both in
heating, cooling, and isothermal operation. The automatic
furnace movement simplifies experimental setup.

Low MAss, HIGH STIFFNESS
SAMPLE CLAMPS

The Q800 features a variety of sample clamps that provide
for multiple modes of deformation. The clamps are optimized
using finite element analysis to provide high stiffness, with low
mass, and attach to the drive shaft with a simple dovetail
connection. The clamps are easy to use and adjust, and each
is individually calibrated to insure data accuracy. A broad
range of samples can be analyzed. The high stiffness minimizes
clamp compliance, and the low mass ensures rapid temperature
equilibration. These simple, yet elegant designs reduce the time
necessary to change clamps and load samples.

RiGID ALUMINUM CASTING

The Q800 drive motor, air bearing slide assembly with optical
encoder and air bearings are all mounted within a rigid
aluminum casting that is temperature controlled. The rigid
aluminum housing minimizes system compliance and the
temperature-controlled housing ensures precise data.

Furnace

Low Mass, High Stiffness
Sample Clamps °

Rigid Aluminum °

Casting

Drive Motor

Air Bearings

Optical Encoder
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MoDES OF DEFORMATION

DUAL/SINGLE CANTILEVER

In this mode, the sample is clamped at both
ends and either flexed in the middle (dual
cantilever) or at one end (single cantilever).
Cantilever bending is a good general-purpose
mode for evaluating thermoplastics and highly
damped materials (e.g., elastomers). Dual
cantilever mode is ideal for studying the cure of
supported thermosets. A powder clamp is also
available for characterizing transitions in
powder materials.

3-POINT BEND

In this mode, the sample is supported at both
ends and force is applied in the middle. 3-point
bend is considered a “pure” mode of defor-
mation since clamping effects are eliminated.
The 50 and 20 mm clamps on the Q800 utilize
unique lowfriction, roller bearing supports that
improve accuracy.

SHEAR SANDWICH

In this mode, two equal-size pieces of the same
material are sheared between a fixed and
moveable plate. This mode is ideal for gels,
adhesives, high viscosity resins, and other
highly damped materials.

COMPRESSION

In this mode, the sample is placed on a fixed
flat surface and an oscillating plate applies
force. Compression is suitable for low to
moderate modulus materials (e.g., foams and
elastomers). This mode can also be used
to make measurements of expansion or
contraction, and tack testing for adhesives.

TENSION

In this mode, the sample is placed in tension
between a fixed and moveable clamp. In
oscillation experiments, the instruments use a
variety of methods for applying a static load
to prevent buckling and unnecessary creep.
The clamps are suitable for both films and

fibers.

SUBMERSIBLE CLAMPS

Film tension, compression, and 3-point
bend clamps are available in submersible
configurations for the Q800. These clamps
allow samples to be analyzed in a fluid
environment up to 80 °C.
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ACCESSORIES

SUBAMBIENT OPERATION

The Gas Cooling Accessory (GCA) extends the operating range
of the Q800 to -150 °C. The GCA uses cold nitrogen gas
generated from controlled evaporation of liquid nitrogen.
Automated filling of the GCA tank can be programmed to
occur after the scan is complete.

RANGE OF MATERIAL BEHAVIOR
Solid Like -« > Liquid Like
DMA THEORY Ideal Solid <««————————> Most Materials ««—————> Ideal Fluid
Purely Elastic <«————————— Viscoelastic <««————————> Purely Viscous
Viscoelasticity: Having both viscous and elastic properties

Dynamic Mechanical Analysis (DMA) is a technique used to measure the mechanical properties of a wide range of materials. Many
materials, including polymers, behave both like an elastic solid and a viscous fluid, thus the term viscoelastic. DMA differs from other
mechanical testing devices in two important ways. First, typical tensile test devices focus only on the elastic component. In many
applications, the inelastic, or viscous component, is critical. It is the viscous component that determines properties such as impact
resistance. Second, tensile test devices work primarily outside the linear viscoelastic range. DMA works primarily in the linear viscoelastic
range and is therefore more sensitive to structure.

DMA measures the viscoelastic properties using either transient or dynamic oscillatory tests. Transient tests include creep and stress
relaxation. In creep, a stress is applied to the sample and held constant while deformation is measured vs. time. Affer some fime,
the stress is removed and the recovery is measured. In stress relaxation, a deformation is applied to the sample and held constant,
and the degradation of the stress required to maintain the deformation is measured versus time.

The most common test is the dynamic oscillatory test, where a sinusoidal stress (or strain) is applied to the material and a resultant
sinusoidal strain (or stress) is measured (Figure 1). Also measured is the phase difference, 8, between the two sine waves. The phase
lag will be 0° for purely elastic materials and 90° for purely viscous materials. Viscoelastic materials (e.g. polymers) will exhibit an
intfermediate phase difference.

Since modulus equals stress/strain, the complex modulus, E*, can be calculated. From E* and the measurement of 8, the storage
modulus, E’, and loss modulus, E”, can be calculated as illustrated in Figure 2. The storage modulus (E’) is the elastic component and
related to the sample’s stiffness. The loss modulus (E”) is the viscous component and is related to the sample’s ability to dissipate
mechanical energy through molecular motion. The tangent of phase difference, or tan 8, is another common parameter that provides
information on the relationship between the elastic and inelastic components. All of these parameters can be calculated as a function
of time, temperature, frequency, or amplitude (stress or strain) depending on the application.

Figure 1 Figure 2
0'<8<90° 5=0 5=90
e W ol E* — | — —_— | <
I

1

E" 1 / 1

Stress +

| S ;\/ |
I :

E I I
) Strain / :
T E* = stress/strain |\/ \/ B

E' = E*cosd
Viscoelastic Behavior E" = E*sind 100% Elastic Behavior 100% Viscous Behavior
tan & = E"/E'

<
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MEASUREMENT OF Tg FREQUENCY EFFECT ON MODULUS THE MEASUREMENT OF SECONDARY MEASURING EFFECT OF
OF POLYMERIC MATERIALS AND GLASS TRANSITION OF TRANSITIONS IN VINYL ESTER ADHESIVE COATINGS ON FILMS
POLYETHYLENE TEREPHTHALATE (PET)
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CHARACTERIZING PRINTED EFFeCcT OF CARBON BLACK

CHARACTERIZING PACKAGING FI1LMS PREDICTING MATERIAL PERFORMANCE
CIRCUIT BOARDS IN ELASTOMERS

USING CREEP USING TIME / TEMPERATURE
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TECHNICAL SPECIFICATIONS

Q400EM Q400
Temperature Range (max) -150 to 1,000 °C -150 to 1,000 °C
Temperature Precision +1°C +£1°C

Furnace Cool Down Time (air cooling)

<10 min from 600 °C to 50 °C

<10 min from 600 °C to 50 °C

Maximum Sample Size - solid

26 mm (L) x 10 mm (D)

26 mm (L) x 10 mm (D)

Maximum Sample Size - film/fiber

Static Operation

26 mm (L) x 1.0 mm (T) x 4.7 mm (W)

26 mm (L) x 1.0 mm (T) x 4.7 mm (W)

Dynamic Operation 26 mm (L) x .35 mm (T) x 4.7 mm (W) Not Included
Measurement Precision +0.1% +0.1%
Sensitivity 15 nm 15 nm
Displacement Resolution <0.5 nm <0.5 nm
Dynamic Baseline Drift <1 pm (-100 to 500 °C) <1 pm (-100 to 500 °C)
Force Range 0.001t0 2 N 0.001to 2 N
Force Resolution 0.001 N 0.001 N
Frequency Range 0.01 to 2 Hz Not Included
Mass Flow Control Included Included

Atmosphere (static or controlled flow)

Inert, Oxidizing, or Reactive Gases

Inert, Oxidizing, or Reactive Gases

OPERATIONAL MODES

Standard Included Included
Stress/Strain Included —
Creep Included -
Stress Relaxation Included -
Dynamic TMA (DTMA) Included -
Modulated TMA™ (MTMA™) Included -

Note: The Q400 can be field upgraded to the Q400EM.
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Q400 TecHNoLOGY

A thermomechanical analyzer measures sample dimensional changes under conditions of controlled temperature, time,

Linear Variable
Differential Transducer

force, and atmosphere. Our engineering experience in design and integration of critical furnace, temperature, dimension

measurement, and atmosphere-control components meld with powerful, flexible software to optimize the numerous tests

available which the Q Series™ TMA can perform.

FURNACE

The Q400 vertical furnace is designed for high performance,
ease-of-use, reliability and long life in a wide variety of
applications. Customized electronics provide the temperature
control and response required for superior baselines, enhanced
sensitivity and Modulated TMA™ operation. Software control of
the furnace movement ensures operational convenience and
simplified sample loading / unloading. The Inconel® 718
Dewar atop the furnace allows continuous operation in cyclic
heating / cooling studies using the new optional mechanical
cooling accessory (MCA 70).

SAMPLE CHAMBER

The easily accessible chamber provides complete temperature
and atmosphere control required for generation of high quality
TMA data. The design simplifies installation of the available
probes (See Modes of Deformation), sample mounting
and thermocouple placement. An integral digital mass flow
controller meters the flow of purge gas to the sample area.
Precise and responsive temperature control and the well-
regulated purge gas result in optimized performance in the
standard and MTMA modes of operation. The design benefits
also include flexibility in operation and ease of use.

Furnace

Sample Stage

LINEAR VARIABLE
DIFFERENTIAL TRANSDUCER

The heart of the Q400 TMA sample measurement
system is the precision, moveable-core, linear
variable differential transducer (LVDT), which
generates an accurate output signal that is directly
proportional to a sample dimension change. lts
precise and reliable response over a wide
temperature range (-150 to 1,000 °C) ensures
reproducible TMA results. Its location below the
furnace protects it from temperature effects and
ensures stable baseline performance.

FORCE MOTOR

A non-contact motor provides a controlled,
friction-free, calibrated force to the sample via
a probe or fixture. The force is digitally
programmed from 0.001 to 1N, and can be
increased manually to 2 N by addition of
weights. The motor precisely generates the static,
ramped or oscillatory dynamic forces necessary

for quality measurements in all deformation
modes. Ten individual frequencies are available
for optimizing data quality in dynamic TMA
experiments in compression, 3-point bending or
tension modes of deformation.

Force Motor
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MobDES OF DEFORMATION

The Q400 offers all the major TMA deformation modes necessary to characterize a wide range of materials such as solids, foams, films,

and fibers. These include expansion, penetration, compression, tension, and 3-point bending.

EXPANSION

Expansion measurements determine a material’s coefficient of thermal expansion (CTE), glass transition temperature (Tg), and
compression modulus. A flattipped standard expansion probe is placed on the sample (a small static force may be applied), and the
sample is subjected to a temperature program. Probe movement records sample expansion or contraction. This mode is used with most
solid samples. The larger surface area of the macro-expansion probe facilitates analysis of soft or irregular samples, powders, and films.

PENETRATION

Penetration measurements use an extended tip probe to focus the drive force on a small area of the sample surface. This provides
precise measurement of glass transition (Tg), softening, and melting behavior. It is valuable for characterizing coatings without their
removal from a substrate. The probe operates like the expansion probe, but under a larger applied stress. The hemispherical probe is

an alternate penetration probe for softening point measurements in solids.

Expansion Macro-Expansion Penetration

Hemispherical

TENSION

Tensile studies of the stress/strain properties of films and fibers are performed using a film/fiber
probe assembly. An alignment fixture permits secure and reproducible sample positioning in the
clamps. Application of a fixed force is used to generate stress/strain and modulus information.
Additional measurements include shrinkage force, Tg, softening temperatures, cure, and
cross-link density. Dynamic tests (e.g. DTMA, MTMA™) in tension can be performed to
determine viscoelastic parameters (e.g., E’, E”, tan 8), and to separate overlapping transitions.

COMPRESSION

In this mode, the sample is subjected to either a static, linear ramp, or dynamic oscillatory
force, while under a defined temperature program and atmosphere. Sample displacement
(strain) is recorded by either expansion/penetration experiments and used fo measure intrinsic
material properties, or by dynamic tests and used to determine viscoelastic parameters (DTMA),
detect thermal events, and separate overlapping transitions (MTMA).

3-POINT BENDING

In this bending deformation (also known as flexure), the sample is supported at both ends on
a two-point, quartz anvil atop the stage. A fixed static force is applied vertically to the sample
at its center, via a wedge-shaped, quartz probe. This mode is considered to represent “pure”
deformation, since clamping effects are eliminated. It is primarily used to determine bending
properties of stiff materials (e.g., composites), and for distortion temperature measurements.
Dynamic (DTMA) measurements are also available with the Q400EM, where a special,
low-friction, metallic anvil replaces the quartz version.

SPECIALTY PROBE/FIXTURE KITS

Additional sample measurement probes and fixtures are available for use with both the Q400
and Q400EM in specialty TMA applications. These include the following:

Dilatometer Probe Kit - for use in volume expansion coefficient measurements

Parallel Plate Rheometer — for the measurement of low shear viscosity of materials
(10 to 107 Pa.s range) under a fixed static force

The expansion, macro-expansion, and penetration probes are supplied with the Q400. These
probes, plus the flexure probe, and the low-friction bending fixture, are included with the
Q400EM module. Data analysis programs relevant to each of the measurements described
are provided in our Advantage™ software.

Tension

3-Point Bending




TMA THeorY / MobES OF OPERATION

TMA measures material deformation changes under controlled conditions of force, atmosphere, time and temperature. Force can

be applied in compression, flexure, or tensile modes of deformation using specially designed probes described in pages 117-118.

TMA measures intrinsic material properties (e.g., expansion coefficient, glass transition, Young’'s modulus), plus processing/ ]
product performance parameters (e.g., softening points). These measurements have wide applicability, and can be performed STRESS/ STRAIN MODE (%00 EM) Strain
by either the Q400 or the Q400EM. The Q400 and Q400EM operating modes permit multiple material property measurements. Stress or strain is ramped, and the resulting strain or sfress is _ Stress
The Q400 features the Standard mode, while the Q400EM additionally offers Stress / Strain, Creep, Stress Relaxation, Dynamic measured at constant temperature. Using customer-entered sample g
2
TMA and Modulated™ TMA modes as described below. geometry factors, the data provides both stress / strain plots and 2 T
[
related modulus information. In addition, calculated modulus can be 3
displayed as a function of stress, strain, temperature, or time.
Strain (Stress)
T
E CREEP AND STRESS RELAXATION
STANDARD MODE (Q400/Q400EM) E fore (Q400EM)
= Strain
Temperature Ramp: Force is held constant, and displacement is TMA can also measure viscoelastic properties using transient (creep or
monitored under a linear temperature ramp to provide intrinsic stress relaxation) tests. These require the Q400EM module. In a creep
property measurements. Isostrain (shrinkage force): Strain is held Temperature (Time) experiment, input stress is held constant, and resulting strain is 2
constant, and the force required to maintain the strain is monitored as a function of time. In a stress relaxation experiment, input 2
monitored under a temperature ramp. This permits assessment of strain is held constant, and stress decay is measured as a function of Z
shrinkage forces in materials such as films / fibers. Force Ramp: time. The data can also be displayed in units of compliance (creep
Force is ramped, and resulting strain is measured at constant F mode) and stress relaxation modulus (stress relaxation mode).
T - T
1 Time 2

temperature to generate force / displacement plots and modulus

assessment.

Strain

Force (Time)
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DyNAMIC TMA MODE (Q400EM)

In Dynamic TMA (DTMA), a sinusoidal force and linear temperature
ramp are applied to the sample (Figure A), and the resulting sinusoidal
strain, and sine wave phase difference (8) are measured (Figure B).
From this data, storage modulus (E’), loss modulus (E”), and tan &
(E” / E’) are calculated as functions of temperature, time, or stress
(Figure C). This technique can be useful in the analysis of thin
polymer films.

MoODULATED TMA™ (MTMA™; Q400EM)

In Modulated TMA (MTMA), the sample experiences the combined
effects of a linear temperature ramp and a sinusoidal temperature of
selected amplitude and period. The output signals (after Fourier
transformation of the raw data) are total displacement and the change
in thermal expansion coefficient. Both can be resolved info their
reversing and non-reversing component signals. The reversing signal
contfains events attributable to dimension changes, and is useful in
detecting related events (e.g.,Tg). The non-reversing signal contains
events that relate to time dependent kinetic processes (e.g., stress
relaxation). This technique is unique to the Q400EM.

Modulated Length

Temperature (time)

Viscoelastic Behavior

E
E* = stress/strain
E' = E*cosd
E" = E*sind
fan & = E"/E'

Temperature

Modulated Temperature




INTRINSIC AND PRODUCT ACCURATE COEFFICIENT OF THERMAL MATERIAL PERFORMANCE MULTILAYER FILM ANALYSIS
PROPERTY MEASUREMENTS EXPANSION MEASUREMENTS AND SELECTION

Point-to-Point Method

a=27.6 ym/m °C 230°C
Average Method \
Penetration -44° a=26.8 pm/m °G
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Expansion Expansion Probe Size: 0.492 x 5.41 x 5.08 mm

Leatingdiione 200 pm/m °C AtaPoint 127°C  Size: 7.62 um Force: 78.48 mN
90 um/m °C a=25.8 um/m °C Prog.: 5 °C/min Deflection: -17.48 ym
Atm.: N2
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SHRINKAGE FORCE TESTING FiiM TENSILE TESTING FIBER STRESS/STRAIN MEASUREMENTS THERMAL STRESS ANALYSIS OF FIBERS
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CREEP ANALYSIS STRESS RELAXATION ANALYSIS VISCOELASTIC PROPERTY SEPARATING OVERLAPPING
DETERMINATION - DYNAMIC TMA TRANSITIONS - MODULATED TMA™
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