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ADVANCED PELTIER PLATE |
TEMPERATURE SYSTEM

New Advanced Peltier Plate

The Advanced Peltier Plate (APP) combines ultimate flexibility with exceptional
temperature performance in a single Peltier Plate temperature system designed fo
cover the widest range of applications. The testing femperature range can be extended
fo 200 °C with the new High Temperature-Advanced Peltier Plate (HT-APP) when paired
with the Upper Peltier Plate (UPP).This allows users to make rheological measurements
in a rugged, reliable and accurate manner. The unique Quick Change Plate system
provides the ability fo easily attach lower plates of different materials and surface finishes,
disposable plates for testing curing materials, and an Immersion Cup for characterizing
materials in a fluid environment.

Features and Benefits

+ Smart Swap™ technology

+ Wide temperature range: -40 °C fo 200 °C*

+ Accurate tfemperature confrol: + 0.1 °C

- Plates and cones up to 50 mm in diameter

+ Robust hardened finish

+ Quick Change Plates provide flexibility for modifying lower geometry surface
- Stainless steel, Anodized Aluminum and Titanium plates
- Smooth, Sandblasted and Crosshatched plates
- Disposable plates available for curing materials

+ Fully accessorized
- Extremely efficient Solvent Trap fo eliminate solvent loss during experiments
- Immersion Cup
- Camera Viewer option

* Testing up to 200 °C requires HT-APP with the UPP
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Quick Change Plates

The Advanced Peltier Plate’s simple bayonet-style locking ring facilitates the effortless
attachment of a wide range of different lower plate covers.The available Quick Change
Plates include hard-anodized aluminum, titanium and stainless steel plates with smooth,
sandblasted or crosshatched surface finishes. Standard disposable aluminum plates
expand the capabilities of the system fo test curing materials using a single Peltier Plate.

Immersion Cup

The Advanced Peltier Plate’s Immersion Cup adds the capability of characterizing
material properties when completely immersed in a fluid. It is easily atfached to the top
of the Advanced Peltier Plate through the bayonet fixture and gives access o the sample
for loading, frimming, and subsequent sealing and filling - a rubber ring provides the fluid
seal. The Immersion Cup is ideally suited for investigating hydrogel materials and can
accommodate plates or cones up to 40 mm in diameter.

8 mm Stainless Steel

< - .

40 mm Anodized
Aluminum

20 mm Disposable
Aluminum

40 mm Sandblasted

25 mm Crosshatched

50 mm Titanium

Peltier Plate
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PELTIER PLATE | TEMPERATURE SYSTEM

Complete Peltier Plate Temperature Systems

Over 20 years ago, TA Instruments first infroduced Peltier Plate temperature control to
rheometers. Since then, this core technology has been continuously developed and
adapted to meet the expanding needs of our customers. With superior technology
designed intfo five convenient Smart Swap™ models, we offer the highest performing,
most versatile, and best accessorized Peltier Plate Temperature Systems available.




Standard Peltier Plate
The Standard Peltier Plate is the most common selection, offering an 80 mm diameter
hardened surface to accommodate up to 60 mm upper plates for maximum sensitivity.

Stepped Peltier Plate

The Stepped Peltier Plate provides the convenience of inferchanging plate diameters and
surfaces up to 25 mm in diameter or for remote sample preparation. Stainless steel and
titanium plates are available in flat, sandblasted, and crosshatched finishes.

Stepped Disposable Peltier Plate
The Stepped Disposable Peltier Plate is ideal for thermoset curing or other single-use
applications and is compatible with standard disposable plates.

Dual Stage Peltier Plate

The Dual Stage Peltier Plate is the perfect choice for applications requiring sub-ambient
temperature control. The unique design uses a stacked Peltier element approach,
enabling fast and easy femperature control down fo an unprecedented -45 °C, without
the use of expensive circulators.
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PELTIER PLATE | TECHNOLOGY

Peltier Technology

Advanced, Standard and Stepped Peltier Plates offer a temperature range of -40 °C* fo
200 °C, heating rates up to 50 °C/min, and femperature accuracy of 0.1 °C. Four Peltier
heating elements are placed directly in contact with a thin, 80 mm diameter, copper disc
with an extremely rugged, hardened surface. A platinum resistance thermometer (PRT) is
placed at the exact center, ensuring accurate temperature measurement and control.
The unique design provides for rapid, precise, and uniform temperature control over the
entire 80 mm diameter surface.This allows for accurate testing with standard geometries
up to 60 mm in diameter.

*with appropriate counter-cooling

Dual Stage Peltier Plate Design

The Dual Stage Peltier Plate features an innovative design that offers a femperature range
of -45 °C to 200 °C with standard counter-cooling options. It integrates a unique stacked
Peltier element configuration that provides enhanced low temperature responsiveness
and continuous temperature control over the entire operating range with a single heat
sink femperature of 2 °C.This eliminates the need to have expensive powerful circulators
to obtain temperatures down to this range.

80 mm Diameter Copper
with Hardened Surface

Peltier Heating Elements

Platinum Resistance
Thermometer (PRT)

Smart Swap™ Base

Heat Sink Connections Heat Sink Fluid Jacket

Platinum Resistance
Thermometer (PRT)

48 mm Diameter Copper with
Hardened Chrome Surface

Upper Peltier Element

Upper Heat Sink Jacket

Lower Peltier Elements

Lower Heat Sink Jacket

Smart Swap™ Base



Performance

Peltier tfemperature control devices require that they be connected to a heat sink,
typically a circulating fluid medium such as water. Most Peltier systems have a continuous
temperature range of approximately 100 °C for a single heat sink temperature. The
unique design of the Dual Stage Peltier Plate from TA Instruments extends the continuous
operation range and dramatically improves cooling performance, especially at the low
tfemperature limit. The figure in the lower right shows that this device can reach -40 °C from
room temperature in under 10 minutes with a heat sink set at 2 °C.

Features and Benefits
+ Smart Swap™ technology
+ Wide Temperature Range: -45 °C to 200 °C
+ Widest Continuous Temperature Range
+ Accurate Temperature Control: +0.1 °C
+ Hardened Chrome Surface
+ Standard, Stepped, and Dual Stage Models
* Plates and Cones up to 60 mm in Diameter
+ Disposable Plates
+ Large Variety of Geometry Materials and Types
+ Fully Accessorized
- Extremely Efficient Solvent Trap
- Smooth, Crosshatched, and Sandblasted Covers
- Purge Gas Cover
- Insulating Thermal Cover
- Camera Viewer Option
- Immersion Cell

Temperature (°C)

Temperature (°C)

Peltier Plate Temperature Steps over 220 °C Range
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Peltier Plate
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PELTIER PLATE | GEOMETRIES

Smart Swap™ 2 Peltier Plate Geometries

Peltier plates can be used with an extensive range of TA Instruments unique
Smart Swap™ 2 geometries (1) with automatic recognition. Cones and plates come
standard in a variety of sizes, cone angles and material types. Custom geometries of
non-standard sizes, materials, and surface finishes (such as sandblasted or Teflon®-
coated) are available upon request.

(1) U.S. Patent # 6,952,950

8 mm 20 mm 25 mm 40 mm 50 mm 60 mm

Standard Geometry Dimensions

Peltier Plate geometries are available in 8 mm, 20 mm, 25 mm, 40 mm, 50 mm, and 60 mm
diameters. Upper Cone geometries are readily available in 0.5°, 1°, 2°, and 4° cone
angles. Non-standard diameters and cone angles are available upon special request. By
changing diameter and cone angle, the measurable range of stress and strain or shear
rate can be varied to capture the widest range of material properties.

Sangpiasted

Smooth

Materials of Construction and Surfaces

Peltier Plate geometries come standard in the following materials:

Stainless Steel: Rugged, very good chemical resistance for highly basic or acidic materials
Stainless Steel with Composite Heat Break: Same properties as stainless steel with added
benefit of composite heat break, which insulates upper geometry when controlling
temperatures away from ambient

Hard-Anodized Aluminum: Excellent thermal conductivity, low mass, fair chemical
resistance

Titanium: Low mass, excellent chemical resistance

The geometry’s surface finish can have an effect on wall slip wall slip phenomena. Such
experimental artefacts can be mitigated by choosing the appropriate surface - a choice
of smooth, sandblasted, and crosshatched are available.



Peltier Plate Standard Geometry Types

Pelfier Cone and Peltier Plate geometries are available in three basic types.They include
geometries without solvent trap, geometries with insulating composite heat break, and
geometries with solvent trap. Heat break geometries are available in stainless steel only.
Solvent trap geometries are designed for use with the solvent trap system discussed
separately. The figure fo the right shows a comparison of stainless steel 40 mm geometry

fypes.

Eliminating Wall Slip on Toothpaste with Crosshatched Plates

Wall slip phenomena can have large effects on steady shear rheological measurements.
To mitigate such issues, a roughened surface finish is typically used.The figure to the right
shows the steady state flow testing results on toothpaste with smooth and crosshatched
plate geometries. With this type of material, standard smooth surface plates slip at the
inferface and lead to a false measured yield stress on the order of about 18 Pa. However,
with crosshatched geometries, slip is eliminated and an accurate yield stress of 105 Pa,
which is more than 5 times higher, is measured.

No Solvent Trap

Viscosity (Pa.s)

With Solvent Trap

Yield Stress Measurements on Toothpaste

With Solvent Trap and
Composite heat break

'|07 -
T,~-18Pa
10¢4 J T 105 Pa
10° 1 J
10000 1
1000 1
100.0 1
10.04 — Smooth plate
’ — Crosshatched plate
1.0 T T
1 10 100 1000

Shear Stress (Pa)

Peltier Plate
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PELTIER PLATE | ACCESSORIES

Peltier Solvent Trap and Evaporation Blocker

The Solvent Trap cover and Solvent Trap geometry work in concert to create a thermally
stable vapor barrier, virtually eliminating any solvent loss during the experiment. The
geometry includes a well that contains very low viscosity oil, or even the volatfile solvent
present in the sample. The Solvent Trap cover includes a blade that is placed into the
solvent contained in the well without touching any other part of the upper geometry.The
performance of the solvent frap cover is shown in the data to the right for water at 40 °C.
The Solvent Trap sits directly on top of the Peltier Plate surface and an insulating, centering
ring ensures perfect placement for quick and easy sample loading.The solvent trap is also
available in an insulated model. See Insulating Thermal Covers section for details.

Water at 40 °C with and without Solvent Trap

1.0E-3 1
9.0E-4 1
8.0E-4 1 With Solvent Trap

7.0E-4 1

6.0E-4 1
5.0E-4 1

4.0E-4 T\
3.0E-4 1

No Solvent Trap

Viscosity (Pa.s)

2.0E-4+
1.0E-4

0 T T T T T
0 20 40 60 80 100 120

time (min)

Solvent Trap Geometry
Solvent in Well

Solvent Trap Cover
Centering Ring

Peltier Plate Sample



Purge Gas Cover

The Purge Gas Environmental Cover is a hard-anodized aluminum two-piece split cover
with 4 mm diameter compression fittings. An insulating location ring ensures precise and
easy location of the cover.This cover is ideal for purging the sample area with nitrogen to
prevent condensation during experiments performed below room temperature or with a
humidified purge to keep a sample from drying.

Insulating Thermal Covers

Thermal Insulation Covers are constructed of an anodized aluminum core surrounded by
an insulating exterior. The aluminum core conducts heat fo the upper geometry, providing
uniform temperature throughout the sample. The cover is available in standard and
solvent trap models.The standard cover accommodates up fo 25 mm plates and can be
used with the Standard, Stepped, and Disposable Peltier plate models. It is ecommended
for use over a femperature range of -10 °C fo 90 °C, with samples not susceptible fo drying
such as oils, caulk, epoxy, and asphalt binder.

The Insulated Solvent Trap cover is available for both the Advanced and Standard
Peltier plates and supports geometries up fo 50 and 60 mm diameter respectively. It is
recommended for festing low viscosity materials over the same temperature range as
the thermal covers and offers the added benefit of preventing evaporation. Heat break
geometries are recommended for use with insulating covers.

Peltier Immersion Ring

The Peltier Plate Immersion Ring allows samples to be measured while fully immersed in a
fluid. The immersion ring is compatible with all Peltier Plate models and is easily attached
o the fop of the Peltier Plate. A rubber ring provides the fluid seal. This option is ideal for
studying the properties of hydrogels.

Peltier Plate Covers

A variety of Peltier Plate Covers are available for applications that can harm the surface of
the plate or for samples that exhibit slip during testing.They are available in stainless steel,
hard-anodized aluminum and fitanium. Crosshatched and sandblasted Peltier covers
are used to eliminate sample slippage effects. Covers are compatible with solvent trap.

Peltier Plate Camera Viewer

The camera viewer is used in conjunction with streaming video and image capture
software. Real-fime images can be displayed in the sofftware and an image can be
stored with each data point for subsequent viewing during data analysis. The camera
viewer is perfect for long experiments with unattended operation for visual inspections
of data infegrity.
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UPPER PELTIER PLATE |
TEMPERATURE SYSTEM

Upper Peltier Plate (UPP)

The Upper Peltier Plate (UPP) is a temperature control system vital for rheological
measurements when testing at temperatures away from ambient, especially in the
adhesives, asphalt, pharma, and personal care industries, to name a few. The UPP
utilizes fast-responding Peltier elements to ensure a uniform temperature profile throughout
the entire sample. Measurement errors upwards of 40% can occur when limiting
tfemperature control to one side of the sample, even at 40 °C.This error only grows when
moving further away from ambient. When used in conjunction with lower Peltier plates,
the UPP’s simple and easy-to-use configuration delivers fast and precise temperature
control above and below the sample, eliminating measurement errors in viscosity, yield
stress, viscoelastic behavior (G', G, and tan §), and other rheological data. Apart from
delivering unparalleled accuracy, the quick-responding Peltier technology allows the
use of fast heating rates typically used in convective ovens, delivering data agreement
between different rheometer and temperature system configurations.

The UPP is the only Peltier-based upper heater technology with direct temperature
measurements at the sample, made possible through TA's patented active tfemperature
control (ATC)(1). This technology combines with TA's patented heat spreader
technology(2) to drive heat directly to the sample for the most accurate temperature
control and material characterization from -40 °C to 200 °C, meeting a wide range of
testing needs.

(1) U.S. Patent # 6,931,915
(2) U.S. Patent # 7,168,299

Advanced Peltier Plate




Active Temperature Control (ATC) Technology

Patented Active Temperature Control (ATC) provides non-contact temperature sensing for active measurement and control of the upper testing surface. A Platinum Resistance Thermometer
(PRT) is housed within the special ATC draw rod. This PRT is positioned in intimate contact with the center of the upper measurement surface. The temperature signal is then transmitted
wirelessly fo the instrument controller enabling direct control and feedback based on the actual upper plate temperature. Because the upper plate temperature is measured and controlled
directly, the system has many advantages over traditional systems which require the sample temperature to be inferred from complex calibration procedures and offset tables. Together
with the PRT in the lower plate, real-time control of both plates allows temperature to be changed at both surfaces at the same rate for tfrue temperature ramp profiles.

Features and Benefits

+ Patented heat spreader conducts heat directly to sample, creating a
uniform sample temperature and eliminating measurement errors.

+ Fast-responding temperature control driven by Pelfier elements for
improved productivity.

+ Wide operating temperature range from -40 °C to 200 °C* in a simple and
compact configuration without liquid nitrogen or mechanical chillers

+ Direct sample temperature measurement with patented ATC delivers

Peltier Cover

unmatched data reproducibility with oven systems (ETC and FCO).
+ Protect samples from environmental influences:
- Solvent reservoir option: prevents evaporation for aqueous and
volatile samples
-Thermal shield: protects from moisture condensation
- Gas purge ports: prevent degradation with inert atmosphere

UPP Heat Spreader

Geometry Heat Spreader

+ Compatible with additional accessories to meet every testing need:
- All Peltier plates, including disposable and screw-in plates
- UV curing accessories
- Modular microscope (MMA) Sample
- Opics plate accessory (OPA) Lower Peltier Element

Upper Control PRT

* Testing up to 200 °C requires HT-APP with the UPP

Upper Peltier Plate



UPP | PERFORMANCE & APPLICATIONS

Fast and accurate temperature response with the UPP

The true test of any rheometer temperature control system is fo compare sample response to the reported system temperature.

A silicone oil viscosity standard is measured as the temperature is incrementally stepped from 50 °C to 105 °C.The measured temperature quickly equilibrates to the new setpoint temperature
within a few minutes.Thermocouples are specifically located at the sample to provide the most accurate temperature measurement, while responsive Peltier elements quickly and precisely
respond fo new setpoint temperatures. As a result, the complex viscosity of the sample exactly follows the reported temperature profile.This direct relationship indicates that there is absolutely
zero lag between set-point and real sample temperature, resulting in confidence in every measurement.

According to federal standards, a sample of asphalt binder needs to be fully equilibrated to within 0.1 °C of the fest femperature prior to performing rheological measurements. In the plot
shown below, the temperature quickly and accurately jumps from 25 °C to 85 °C within minutes of starting the experiment.The data further shows that as soon as the femperature is within
0.1 °C, the viscosity of the asphalt binder is fully equilibrated. No change is seen in the viscosity even after 20 additional minutes indicating that there is minimal lag between the set-point
and real sample temperature.

Silicone Oil Viscosity Standard Response to Asphalt Binder Response to Temperature Change
Step Temperature changes
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Plastisol Curing with UPP and ETC

Rheology data is often used to optimize processing conditions, such as identifying
operating temperatures, molding cycle times, annealing and many others. Even small
errors in femperature, especially non-uniform sample temperatures, lead to erroneous
data, the implementation of incorrect processing conditions, and ultimately poor product
performance.

The plot shows a temperature ramp on a plastisol using three temperature system
configurations, a combined convection-radiation oven (ETC), a lower Peltier Plate only,
and a lower Peltier Plate with the Upper Peltier Plate (UPP). A uniform temperature profile
in the sample is achieved when the sample is heated from both the top and bottom,
as in the ETC and UPP. Data from both configurations exactly match and show the
hardening temperature, observed as a sharp increase in G', occurs at approximately
60 °C. However, when heating the sample using only the lower Peltier Plate, the sample
temperature lags the heating profile resulting in a temperature gradient in the sample.
This results in what appears to be a delayed onset of curing at approximately 70 °C.The
UPP’s direct femperature control enables users to obtain accurate and precise rheological
measurements and unmatched data repeatability, even when compared to different
tfemperature system configurations across their organization.

Characterization of adhesives

An adhesive’s success and suitability hinges on its ability fo bond and resist debonding
from a substrate. Measuring the viscoelastic properties, such as G, G" and tan §, allow users
to quantify performance characteristics such as cohesive strength, tfack, and operating
temperature range. For example, the performance window of a pressure-sensitive adhesive
(PSA) is highly sensitive to the Tg which defines the lowest use temperature of the PSA.

In this PSA example, an oscillation femperature ramp fest was performed at 5 °C/min.The
peak of the tan & signal is used to determine the Tg of the material at 6.90 °C, indicating
the lowest use temperature. The G' and G” signals provide quantitative metrics of the
cohesive strength and tack of the material from -30 °C to 200 °C. The tack and peel
behavior can be further studied using frequency sweeps at the end-use temperatures.

The UPP’s simple configuration delivers accurate femperature control, even at sub-ambient
temperatures without needing liquid nitrogen or mechanical chillers.

Storage Modulus G’ (Pa)

Loss Modulus (Pa)

Storage Modulus (Pa)

Curing of Plastisols
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— Lower Peltier Plate Only
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PELTIER CONCENTRIC CYLINDER |
TEMPERATURE SYSTEM

Peltier Concentric Cylinder Temperature System

The Peltier Concentric Cylinder Temperature System combines the convenience of Smart
Swap™ and Peltier heating technology with a wide variety of cup and rotor geometries.
Concentric Cylinder geometries are commonly used for testing low viscosity fluids,
dispersions or any liquids that are pourable intfo a cup. Examples of materials suitable
for Concentric Cylinder include low concentration polymer solutions, solvents, oils, drilling

mud, paint, varnish, inkjet ink, ceramic slurries, pharmaceutical suspensions, cough
medicine and baby formula, foams, and food and dairy products such as milk, sour
cream, juices, salad dressings, and pasta sauce.

Lower Cup Geometry
Contains Sample

Platinum Resistance
Thermometer (PRT)

Peltier Heating Elements \

Heat Sink Fluid Jacket

Heat Sink Connections

Smart Swap™ Base

Technology

The Peltier Concentric Cylinder system offers a temperature range of -20 °C to 150 °C,
with a maximum heating rate up fo 13 °C/min. Four Peltier heating elements are placed
in intimate contact with a lower cup geometry held in place by an insulated jacket. The
unique patented design(1) of the lower geometry provides fast and efficient heat transfer
up the walls of the cup. A platinum resistance thermometer (PRT) is placed close to the
top of the cup ensuring accurate temperature measurement and control. The maximum
controllable heating rate will depend on heat sink fluid temperature, circulator flow rate
and cooling/heating capacity, and viscosity of heat sink fluid.

(1) U.S.Patent # 6,588,254



Cup and Rotor Geometeries

The standard Peltier Concentric Cylinder geometries include a cup radius of 15 mm,
configured with either a Recessed End or DIN Rotor. Both rotors have a radius of 14 mm
and height of 42 mm. The double gap concentric cylinder has an additional shearing

surface over single gap providing lower stress and higher sensitivity for extremely low
viscosity solutions.

Special Cups and Rotors

. . . . L DIN Rotor & Double Ga
Specialty geometries include various vanes, helical, and starch pasting impeller rotors, as N

Standard Cup Rotor & Cup
well as large diameter and grooved cups. These special concentric cylinder geometries

are very valuable for characterizing dispersions with limited stability, preventing error from

slip at the material/geometry interface, and for bulk materials with larger particulates.

Vane geometries are available in both 14 mm and 7.5 mm radii.The large diameter cup
has a radius of 22 mm. The helical and impeller rotor and cup keep a sample mixed
or particles suspended during shearing. Disposable cups are ideal for increasing fest
throughput when festing difficult to clean samples like inks and slurries. The cups have
a radius of 16 mm and are compatible with the DIN, recessed end, vane, and wide gap
vane rotors.

Features and Benefits
+ Smart Swap™ technology
+ Wide temperature range:-20 °C to 150 "C

+ Peltier temperature control for fast heating and cooling Starch Pasting Helical Rotor & Cup Vane Rotor &
+ Popular DIN standard, Recessed End and Double Gap Options Impeller & Cup Grooved Cup
+ Geometries available in Stainless Steel and Hard-Anodized Aluminum

- Wide variety of cup diameters

+ Impeller and Vane geometries for preventing settling and slipping., and handling of
large particles

Concentric Cylinder Cup and Rotor Compatibility Chart

+ Torsion Immersion Rotor DIN | Recessed | Starch | Vane | Wide Gap | Double | Helical
+ Special geometries available upon request Cup End Impeller Vane Gap Rotor
+ Disposable cups for high throughput testing Standard (rad= 15 mm) ° 4 °

Large Diameter (rad= 22 mm) hd d g L [J

Starch (rad= 18.5 mm) L] ° L] ) )

Grooved L o

Double Gap °

Helical (rad= 17 mm) °

Disposable Cup (rad= 16 mm) L4 L4 ° L4

Concentric Cylinder
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CONCENTRIC CYLINDER |
ACCESSORIES & APPLICATIONS

Generic Container Holder

The Generic Container Holder is a Smart Swap™ option that can hold any container with
an outer diameter of up to 80 mm for characterizing materials with rotors. This allows for
quick off-the-shelf evaluation of materials, such as paints and varnishes, creams, pasta
sauce, etc., without creating large shearing from sample loading. It also is an excellent
platform for beakers or jacketed beakers.

Flow Curve on Xanthan Gum

Concentric cylinder geometries are useful for gathering viscosity flow curve information
over a wide range of shear rates. An example is shown in the figure for a xanthan gum
solution. Five decades of viscosity are easily obtained over six decades of shear rate. This
system is also a powerful alternative to parallel plate or cone and plate geometries for
materials with limited stability or prone to edge failure or rapid solvent evaporation.

Xanthan Gum Solution in Concentric Cylinder

104 1 - 102

103_
~ 1071 w
(%) >
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Concentric Cylinder Solvent Trap Cover

A Solvent Trap is available for the Peltier Concentric Cylinder. It includes a base reservoir
and a two-piece cover that is mounted fo the shaft of the rotor.The Solvent Trap provides
a vapor barrier fo seal the environment inside the cup and prevents solvent evaporation.

Characterization of Foam with Vane Rotor

The figures below show an example of the time and frequency dependent response of
a foam shaving cream characterized using a standard cup and vane geometry. The
structure of shaving foam has a limited lifetime, or limited stability. The vane geometry
minimizes shearing stress that occurs during loading in the gap with standard rotor,
keeping the delicate foam structure intact for testing. A wide range of structural information
can be captured very quickly using multiwave characterization on the DHR.The figure to
the left shows a decay in storage modulus G’ as the structure of the foam breaks down
with increasing time. Using the multiwave, the data are simultaneously collected over a
wide range of frequencies.The dafa can be plotted as frequency sweeps at increasing
time, as shown on the right. The results show the time dependent viscoelastic response
of the shaving foam.

Multiwave time sweep

400 1

300 1

G’ (Pa)

2001

1001

0 10 20 30 40 50 60 70
time (min)

10°

G’ (Pa)

102

Two-Piece Cover

Base Reservoir

Cup

Rotor

Sample

Frequency Sweeps on Foam at Different Time Intervals

Fluid in Reservoir

107 100 10

Concentric Cylinder
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CONCENTRIC CYLINDER |
ACCESSORIES

Torsion Immersion Cell

The Torsion Immersion Cell allows rectangular bar-shaped samples fo be clomped and
characterized while immersed in a femperature controlled fluid. The resulting change in
mechanical properties, caused by swelling or plasticizing, can be analyzed in oscillatory
experiments. This option provides a way fo better understand materials under real-world
conditions, such as body implants in saline or rubber seals in contact with oils and
solvents.

Rheology of Pasta During Cooking

The Torsion Immersion Cell can be used for various food applications, such as cooking
pasta. In this example, a piece of fettucine pasta was fested using an oscillatory time
sweep test af 22 °C using a 1 Hz test frequency. Data were collected on the dry sample
for 2.5 min fo establish a baseline storage modulus, G'.The addition of water at this point
infroduces moisture to the sample which has an immediate effect of lowering the G'. At
5 min, the temperature was ramped to 95 °C and help isothermally. As the pasta cooks,
the modulus drops by nearly three decades and then levels out when the cooking is
complete.

Rheology of Pasta During Cooking
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DHR Building Materials Cell

The Building Materials Cell is a specially designed, abrasion-resistant and durable
concentric cylinder cup and rotor for testing samples with large particles such as
concrete slurries and mixes. The paddle type rofor, slofted cage, and the large diameter
cup promote adequate sample mixing while preventing sample slip at both the cup
and rotfor surfaces. The removable slotted cage permits easy sample cleaning aoffer the
test while the concentric cylinder Peltier jacket provides accurate temperature control.
Together with the existing array of specialty rotors and cups, the new Building Materials
Cell provides the ultimate flexibility for testing a diverse range of samples with large
particles including construction materials and food products.

The data below follow the structural recovery of a concrete mixture tested at 2