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TA Instruments is proud fo announce another breakthrough in rheometer technology. The new AR-G2 is the first commercial rheometer
with patented!") magnetic thrust bearing technology for ulira-low, nano-torque control. The AR-G2 is packed with new features including
new patented®? advanced drag cup motor technology, Smart Swap™ € Geometries, streaming video and image capture software,
ETC camera viewer and ethernet communications. With improvements in nearly every rheometer specification, the performance of
the AR-G2 stands alone. It is the most advanced controlled stress, direct strain and controlled rate rheometer available.

(1) Patent #7,017,393 (2) Patent # 6,798,099 (3) Patent # 6,952,950



TECHNICAL SPECIFICATIONS

Minimum Torque Oscillation CR 0.003 pN.m
Minimum Torque Oscillation CS 0.003 pN.m
Minimum Torque Steady CR 0.01 pN.m
Minimum Torque Steady CS 0.01 pN.m
Maximum Torque 200 mN.m
Torque Resolution 0.1 nN.m("
Motor Inertia 18 pN.m.s

Angular Velocity Range CS

0 to 300 rad/s

Angular Velocity Range CR

1.4E° to 300 rad/s

Frequency Range

7.5E7 to 628 rad/s

Displacement Resolution 25 nrad
Step Change in Velocity 7 ms

Step Change in Strain 30 ms
Direct Strain Control Standard?
Thrust Bearing Magnetic
Normal/Axial Force Range 0.005to 50 N
Smart Swap™ Standard
Smart Swap Geometry Standard
Peltier Plate -40 to 200 °CP!
Environmental Test Chamber (ETC) -160 to 600 °C
ETC Camera Viewer Optional

Concentric Cylinder

20 to 150 °CBI
Peltier Control

Upper Heated Plate

-30 to 150 °CE!

Electrically Heated Plate (EHP) -70 to 400 °C
Camera Option with Streaming
Video and Image Capture Optional

(R - Controlled Rate Mode
(S - Controlled Stress Mode
[1] Internal Resolution for D to A converter at torrfue of 0.1 pN.m

[2] Direct Strain Control provides single cycle oscillation and confinuous oscillations during experiments.

[3] Lower temperature limits require use of a suitable fluid in an external circulator.



AR 2000ex
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The AR 2000ex brings an all new electronics package to the time-tested hardware of the world’s best selling rheometer, further extending
the long list of unique features. The AR 2000ex rheometer design includes a unique, ultra-low inertia drag cup motor and porous
carbon air bearings for outstanding controlled stress, direct strain and controlled rate performance. The AR 2000ex features the original
Smart Swap™ quick interchanging and self-configuring environmental systems. Enhanced features of the AR 2000ex include the new
ETC with fast heating rates, ETC and Peltier Camera Viewers (with image capture software), a new Electrically Heated Plate Temperature
System, and ethernet communications. The AR 2000ex is extremely versatile and appropriate for a wide variety of applications including
fluids of any viscosity, polymer melts, solids and reactive materials.



TECHNICAL SPECIFICATIONS

Minimum Torque Oscillation CR 0.03 pN.m
Minimum Torque Oscillation CS 0.1 pN.m
Minimum Torque Steady CR 0.05 ypN.m
Minimum Torque Steady CS 0.1 pN.m
Maximum Torque 200 mN.m
Torque Resolution 1 nN.ml"]
Motor Inertia 15 pN.m.s
Angular Velocity Range CS 0 to 300 rad/s
Angular Velocity Range CR 1E® to 300 rad/s
Frequency Range 7.5E7 to 628 rad/s
Displacement Resolution 40 nrad

Step Change in Velocity 25 ms

Step Change in Strain 60 ms
Direct Strain Control Standard®
Thrust Bearing Porous Carbon Air
Normal/Axial Force Range 0.005 to 50 N
Smart Swap™ Standard
Peltier Plate -40 to 200 °CE!
Environmental Test Chamber (ETC) -160 to 600 °C

Concentric Cylinder

20 to 150 °CE!

Peltier Control

Upper Heated Plate

-30 to 150 °CE!

Electrically Heated Plate (EHP)

-70 to 400 °C

(R - Controlled Rate Mode

(5 - Controlled Stress Mode

[17 Internal Resolution for D to A converter at forgue of 0.1 pN.m

[2] Direct Strain Control provides single cycle osciﬁuﬁon and continuous oscillations during experiments.
[3] Lower temperature limits require use of a suitable fluid in an external circulator.



AR 1500ex
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The new AR 1500ex is a highly sensitive and rugged general-purpose rheometer for fluids and soft solids. It includes many of the
same design features incorporated in our AR-G2 and AR 2000ex, such as high-resolution optical encoder, durable porous carbon
bearings with low residual torque, and a low-inertia drag cup motor. The AR 1500ex has broad specification ranges and a wide
variety of popular Smart Swap™ temperature systems including Peltier Plates, Peltier Concentric Cylinder, Electrically Heated Plates,
and both a Dry Asphalt System and Asphalt Submersion Cell. The AR 1500ex offers unprecedented value in a robust cost-effective
package for both research and quality control.



TECHNICAL SPECIFICATIONS

Minimum Torque 0.1 pN.m
Maximum Torque 150 mN.m
Torque Resolution 1 nN.ml"
Motor Inertia 15 pN.m.s

Angular Velocity Range CS

0 to 300 rad/s

Angular Velocity Range CR

1.00E7 to 300 rad/s

Frequency Range

7.50E7 to 628 rad/s

Displacement Resolution 40 nrad
Step Change in Velocity 25ms
Step Change in Strain 60ms
Thrust Air Bearing Porous Carbon
Smart Swap™ Standard
Peltier Plate -40 to 200 °Cl2
Peltier Plate Camera Optional

Peltier Concentric Cylinder

20 to 150 °C@

Upper Heated Plate

-30 to 150 °CH@

Electrical Heated Plates

-70 to 400 °C

[1] Internal Resolution for D to A converter at torque of 1 pN.m
[2] Lower temperature limits require use of a suitable fluid in an external circulator.
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The AR series represents a family of
rheometers uniquely designed to deliver

optimum system performance.

1 DrRAG Cur MOTOR

The motor applies tforque, and controls speed and oscillation
frequency. Drag cup motors, unlike some motor designs, can
apply extremely smooth acceleration and are ideal for creep and
recovery measurements. Inertia is kept to an absolute minimum,
reducing the influence of the system on test results in oscillation and
fransient measurements. The result is more accurate measurements of
weak material structures and faster response to step changes
in forque and sfrain.

2 THRUST BEARING

Thrust bearings provide stiff, “frictionless” axial support of
the drive shaft and measuring geometry. The low-end torque
performance of the instrument depends on residual
bearing friction, which results in residual torques. The AR-G2
incorporates the new magnetic thrust bearing while the

AR 2000ex and AR 1500ex use porous carbon bearings.

3 RADIAL BEARINGS

Radial air bearings provide stiffness and support in the radial
direction. All AR Rheometers are uniquely designed with two
porous carbon radial bearings. The dual radial bearing
design is ideal for the testing of high-stiffness samples, such as
solids in torsion as well as soft solids and low-viscosity fluids.

4 OrTICAL ENCODER

Low-inertia optical encoders are used in all AR rheometers for
high-resolution measurement of angular displacement (strain) and
speed (shear rate) over wide ranges. The ability to measure very
small displacements allows for the characterization of very delicate
material structures. The ability to measure and control a wide range
of speed adds to the instrument's versatility.




5 NORMAL FORCE TRANSDUCER

A unique AR rheometer feature is the design and placement
of the normal force sensor. The highly-sensitive, ultra-stiff,
normal force sensor is isolated from the motor and bearing
assembly, and located below the lower geometry. The benefit
of isolating the normal force transducer is twofold. First, both
the normal force sensor and the motor/bearing assembly are
designed for maximum stiffness. When shearing a viscoelastic
material, the normal force generated by the sample pushes
against the measuring surfaces. Minimizing movement is key
to accurate normal force measurements. Second, the normal
force sensor is environmentally isolated for thermal stability.

6 RIGID ONE-PIECE ALUMINUM CASTING
& LINEAR BALL SLIDE

All TA rheometers are designed to minimize system deflection
in order fo maximize the deformation applied to the sample.
AR rheometers are built on a rigid, single-piece aluminum
casting and the rheometer head assembly is attached to the
casting via a rigid linear ball slide. A motor and an optical
encoder are located in the base of the frame to drive the ball
slide vertically and measure its movement. This ensures
precision positioning of the geometry with an accuracy of 1
micron. TA Insiruments’ rheometers are built to last and deliver
a lifetime of reliable performance.

22



AR-G2 TeCHNOLOGY

Breakthrough technologies make our new AR-G2 the world's most
advanced controlled stress, direct strain and controlled rate
rheometer. With a revolutionary, patented, magneticlevitation
thrust bearing and new patented drag cup motor technology,
unprecedented nano-torque control is now possible adding a new
dimension to rheological characterization. New patented Smart
Swap™ Geometfties and Real-Time Streaming Video and Image
Capture feature: 3 ake ease-of-use to a new level. The AR-G2
represents a wholeynew approach to rheometer technology.




MAGNETIC THRUST BEARING

Why a magnetic bearing? Larger gaps in the absence
of a continuous flow of pressurized air translates to
unprecedented low levels of friction in the bearing. More
importantly, the ability to control and measure torques in
the nN.m range. No other rheometer can boast such
low-end torque sensitivity. The larger gap in the thrust
bearing is robust and not susceptible to contamination.
The additional benefits of the magnetic bearing over
traditional air bearing designs are the following:

e Ultra low torques applied to the sample

® Smaller sample volumes can be used

e Ability to probe delicate material structures

* Study of low viscosity materials over a
broad range of conditions

PATENTED DRAG CUP MOTOR

Our new patented advanced drag cup motor is designed
to further reduce system friction by increasing the motor gap
by 100%. Dramatic improvements in low end torque
performance are realized without compromising high-end
performance. The motor delivers enhanced transient
response and an extended angular velocity control range.
The motor incorporates a patented drag cup temperature
sensor. For the first time in any rheometer design, the
temperature of the drag cup is measured, ensuring the most
accurate torque output.

24
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AR-G2 TECHNOLOGY

ACTIVE TEMPERATURE CONTROL (ATC)
The AR-G2 Electrically Heated Plate (EHP), Upper Heated Plate (UHP),

and Dry Asphalt System all incorporate our new patented!’ non-con-
tact temperature sensor for active measurement and control of the
upper plate temperature, using a special draw rod. The draw rod
houses a micro PCB and Platinum Resistance Thermometer.

HOUSING

Micro PCB

SECONDARY ColL

The PRT senses temperature at the upper cone or plate geometry, and the signal is transmitted from a secondary coil on the draw
rod to a primary coil in the head assembly. Together with a PRT in the lower plate, realtime control of both plates is possible. The
AR-G2 is the first rheometer to actively measure and control the upper plate temperature. (1) Patent # 6,931,915






SMART SWAP™ ACCESSORMR

SMART SWAP™ TEMPERATURE SYSTEMS

Only TA Instruments offers the convenience and versatility of Smart
Swap femperature control options. Smart Swap temperature control
options are attached to the instrument on its unique magnetic base.
Intelligent Smart Swap options can be interchanged in as fast as 10
seconds. Once attached, the instrument automatically detects and
configures the system.




CONCENTRIC CYLINDER

Concentric Cylinders are commonly used for very low viscosity fluids,
dispersions of limited stability, and applications where fluid/solvent
evaporation may be a problem. The Smart Swap Concentric Cylinder
system features Peltier temperature control and provides a temperature
range of -20 to 150 °C with heating rates up to 15 °C/min.

UPPER HEATED PLATE (UHP)

The UHP is designed for use with the Smart Swap™ Peltier Plate and
provides both upper plate temperature control and an enclosed purge
gas environment. Designed for optimum heat transfer and minimum
thermal equilibration time, the UHP sets a new standard in non-contact
heating. Automated zero heat flow calibration yields temperature
gradients of less than +/- 0.1 °C. The UHP is modeled to provide
matched upper and lower plate temperature during heating ramps of
up to 15 °C/min to a maximum temperature of 150 °C. The AR-G2
UHP features our new patented Active Temperature Control, ATC. The
ATC makes the AR-G2 UHP the only Peltier/upper heated plate system
combination available that incorporates direct temperature control of
both the upper and lower plates. Flexible cooling opfions include an
external circulator or innovative vortex cooling.

28



disposable plate, and rectangular torsion clamps for solids. The ETC h
a temperature range of —160 o 600 °C with heating. rates up:
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ELECTRICALLY HEATED PLATES (EHP)

The EHP is a Smart Swap™ temperature option that provides active
heating and cooling of parallel plate and cone and plate
geometries. The EHP is perfect for rheological characterization of
polymer melts up to a maximum temperature of 400 °C. Other
features include an environmental cover and heated purge gas
and an optional Gas Cooling Accessory for temperature control
to -70°C. An optional clear purge cover is available for sample
viewing and integration with camera viewer. Additionally, for the
AR-G2, the EHP offers patented Smart Swap Geometries and
newly patented Active Temperature Control, ATC. ATC makes the
AR-G2 EHP the only electrically heated plate system capable of
direct temperature control of both the upper and lower plates.
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SMART SWAP™ ACCESSORIES

31

DRY ASPHALT & ASPHALT SUBMERSION
TEMPERATURE SYSTEMS

The AR Series offers a traditional Asphalt Submersion Cell and new Dry
Asphalt femperature control accessories. Both femperature systems meet SHRP,
ASTM, and AASHTO requirements, and include 8 mm and 25 mm parallel
plates and sample molds. The Dry Asphalt System combines our superior
Upper Heated Plate with a unique lower stepped Peltier Plate. Automated
zero heat flow calibration yields temperature gradients of less that +/-0.1°C.
The AR-G2 Dry Asphalt System features our newly-patented Active
Temperature Control, ATC. The ATC makes the AR-G2 Dry Asphalt system
the only stepped Peltier/upper heated plate system combination available
that incorporates direct femperature control of both the upper and lower
plates. Flexible cooling options includes an external circulator or innovative
vortex cooling. The Asphalt Submersion Cell is a direct port of femperature
control technology used on our popular CSA series of rheometers.
Temperature control of an asphalt sample is by fluid submersion.
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SMART SWAP™ ACCESSORIES

PRESSURE CELL

The Pressure Cell is an optional accessory for
use with the Peltier-controlled Smart Swap
Concentric Cylinder System. The Pressure Cell is
a sealed vessel that can be pressurized to 140
bar (2000 PSI), over a temperature range of
-10 °C to 150 °C. The cylinder in the vessel
is driven using an innovative high-powered
magnetic coupling and low-friction bearing
design. The cell is ideal for characterizing
materials that volatilize under atmospheric
pressure.

STARCH PASTING CELL (spc)

The SPC is a powerful and accurate tool for
rheological characterization of the gelatinization
process and final properties of starch products. It
uses TA's innovative new impeller design for
superior mixing and control of sedimentation
during festing. A precision temperature controlled
chamber, with heating/cooling rates up to
30 °C/min, controls and measures actual sample
temperature and is designed fo minimize water loss
during the cooking cycle.
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INTERFACIAL ACCESSORY

Traditionally, rheometers have been used to characterize the
bulk properties of materials. In many materials, such as
pharmaceuticals, foods, personal care products and coatings,
there is a two-dimensional liquid/liquid or gas/liquid phase
with distinct rheological properties. In the past, massive
biconical geometries have been used to make limited interfacial
measurements in steady shear mode. The ultra-low friction
nano-torque sensitivity of the ARG2 has now been combined
with a Pt/Ir Du Notiy Ring system, enabling viscoelastic
characterization of inferfaces in oscillation and transient modes.
This makes the AR-G2 the only rheometer in the world capable
of measuring bulk rheology, as well as both steady shear and
dynamic interfacial properties of materials.

0.03
[ DYNAMIC INTERFACIAL SHEAR
[ RHEOLOGY USING THE AR-G2
.02
0.025 The dynamic interfacial shear moduli G’ and G” are used to
monitor the network structure build-up, resulting from the
0.02 adsorption of proteins at the interface. Proteins unfold af the
' interface and, therefore, are crucial to the stability of
€ emulsions and foams. The measurement is done with a Du
= Notuy Ring, positioned at the interface of two liquids, or a
z 0.015
1) : liquid and air in a circular glass dish. The ultra-sensitive,
) nano-forque range of the AR-G2 rheometer is required to
make these measurements. Figure 1 shows the dynamic
0.01 storage modulus of this material continuously increases as the
w------. protein migrates to the surface and forms a network structure.
0.005 |
0 T TR TN T TN TN TN NN TN TN TN TN Y TN TN TN TN TN TN TN TN TN N TN T JNN N N |

0 50 100 150
time (minutes)

Figure 1: Absorption of a 0.05% whey protein solution in distilled water. 24
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APPLICATIONS

A generalized flow curve for dispersions is illustrated below.
TA rheometers generate flow curves by applying a stress ramp (or
shear rate) and measuring the shear rate (or stress). Flow curves
can also be produced using “steady state” flow where each
viscosity data point is generated at a constant stress after
equilibration. The data generated provides information on yield
stress, viscosity, shear thinning, shear thickening, thixotropy, and
correlates to processing and product performance. Simple
techniques like spindle viscometers can only measure a point or
a small part of the total flow curve.

Sedimentation
Leveling, Sagging
Draining under gravity
Chewing and swallowing
Dip coating

Mixing and stirring

Pipe flow

Spraying and brushing
Rubbing

Milling pigments in fluid base
High Speed coating

O©Co~Nooo b~ whN —

—_ =
- O

107 1071 10° 103 10°
shear rate (1/s)

log Mo

The figure below shows a generalized flow curve for polymers
and corresponding process shear rate ranges. A polymer’s
molecular weight greatly influences its zero shear viscosity, while
its molecular weight distribution and degree of branching affect
its shear rate dependence. These differences are most apparent
at low shear rates not possible with melt flow index or capillary
devices. TA rheometers can determine molecular weight based on
the measured zero shear viscosity. Cox-Merz and TTS can
be used to extend the data to higher shear rates.

Mo = Zero Shear Viscosity

o = Kx MW¢34 Extended Range with

Oscillation & Cox-Merz

Extended Range with
Time-Temperature
Superpositions

Measure in Steady Shear (TTS) & Cox-Merz

105 108 10" 10!

shear rate (1/s)



log G'and G” (Pa)

The viscoelastic properties of polymer melts are commonly
studied in the dynamic oscillation mode. The figure below
illustrates a viscoelastic fingerprint for a linear homopolymer and
shows the variation of the storage modulus (G!) and loss
modulus (G") with frequency. Since polymer melts are
viscoelastic, the mechanical response will be time dependent,
so low frequencies correspond to long times. TTS is used to
extend the range of data to higher and lower frequencies and to
build a master curve at a reference temperature. The magnitude
and shape of the G' and G" curves depend on the molecular
structure of the polymer.

I I
10" | . \ | .
Terminal | Rubbery | Transition |
o Region  Plateau Region | Region |
107 - ~
| | VAR
Z
7 Extended o, ' Glagsy
10" - range \ Lz | Region
wiTTS - | I
Extended | |
/ 7 range w/TTS | |
1084 ~
I o G
' G G'— — —
10" |
1 1 1 1
102 100 102 104 108 108 100

log Frequency (rad/s)

Modulus G', G" (Pa)

Key viscoelastic parameters (6, 6", n*, tand, efc.) can be measured
in oscillation as a function of stress, strain, frequency, temperature
and time. The figure below illustrates an oscillation strain sweep
used to determine the onset of non-inear viscoelastic behavior. In the
linear viscoelastic region (LVR), the material responds linearly to a
stress or strain input and the moduli G’ and G” are independent of
strain. The infernal structure of the material remains intact under
linear testing conditions. Beyond the limit of the LVR the material’s
response is highly nonlinear. The dynamic moduli G’ and G”
drop rapidly with increasing strain and higher harmonic stress
contributions appear. Under these high-strain test conditions the
material experiences a catastrophic breakdown of the internal
structure. Rheological analysis using higher harmonics in the
non-inear oscillation regime is referred to as “Fourier Rheology.”

10%4 -0.18
Linear Region Non-Linear Region /0.16
102 -0.14
-0.12

- 0.1
-0.08
-0.06
101 0.04
-0.02

10° — T T T 0.0

10°® 10+ 107 107 10 100 10

Strain

1T oney epnyuBepy
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APPLICATIONS

The ability to characterize the viscoelastic properties of solids
in torsion is a feature of TA Instruments’ rheometers, as illustrated
below for polycarbonate (PC). Transitions or relaxations of
molecular segments are observed as step changes in the
storage modulus, and as peaks in the loss modulus and damping.
The magnitude and shape of the storage modulus (G)),
loss modulus (G'") and damping (tan delta) will depend on
chemical composition, crystallinity, molecular structure, degree
of cross-linking, and the type and amount of fillers.

Temperature Ramp at 3°C/min

10101 10 Frequency = 1Hz iti
] Glass transition
= 0,
. Strain = 0.025% Tg=154.1°C
9]
10 ¥
8]
10 Gll
- 0.1
tan &
e g an
106_-.01
105 — 7 )

1 1 1 1
-200 -150 -100  -50 0 50 100 150 200

temperature °C

strain

In a creep recovery fest, illustrated below, a constant stress is
applied to the sample and the resulting strain is measured over
time. The stress is then removed and the recovery (recoil) strain
is measured. For polymer melts, the zero shear viscosity (1) and
equilibrium recoverable compliance (Jgo) can be determined.
Creep is a sensitive technique and best suited for the unmatched
stress control performance of the AR. In a stress relaxation test, a
strain is applied and stress is measured as a function of time
yielding stress relaxation modulus G(t). Stress relaxation can be
performed on all ARES and on the AR-G2 and AR 2000ex with
direct strain control.

Creep Zone: Stress >0 |

Recovery Zone: Stress = 0

|
|
|
I Good
|
|
|

1 1
0 1400



An advantage of the ARES design is that the motor generates
the torque to overcome the viscosity of the material, as well as
the inertia of the sample holder. As a result, the ARES can be
used to conduct inertia-free measurements on the viscoelastic
properties of very low viscosity fluids. Below shows an example
of this for a polymer solution, where the viscoelastic parameters
are determined using a frequency sweep up to 100 rad/s with
no inertial effects.

102, -102
101 00 &
% 100 100 vl
© (O]
a, /
T 107" / 10"
= 102 102 &
1073 4 L1073 vl
(O]
104 - - 104
10! 100 10! 102
freq [rad/s]

n* (Pa.s)

The minimum torque on rheometer designs which use
only air bearings is specified at a higher value for controlled
stress (CS), as compared to controlled rate or strain (CR).
The new magnetic thrust bearing and advanced drag
cup technologies incorporated on the new AR-G2 allow
for ultra-low, nano-torque control in both controlled stress
and controlled strain modes. This unprecedented torque
performance is shown below. Note, viscosity and displacement
values at instrument torque levels of 3 nN.m.

i _100
15.0 @ @ Controlled Stress Mode, CS 10
(O Controlled Strain Mode, CR
125 —— Newtonian Model Fit; Newtonian Viscosity = 5.537 L 10'1
L10-2
10.0 ':-3\
[ 10-3 ?g’
1S
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L104 &
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o
L1079
1106
. . . . . . 10°7
103 102 107 1 10 100 1000

osc. torque (micro N.m)
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APPLICATIONS

Extensional viscosity is fundamentally important in many
polymer-processing techniques such as blow-molding, fiber
spinning, and injection molding. The EVF is a polymer melt
elongation fixture that transforms an ARES oven system into a
shear and extensional rheometer. The EVF uses a unique patented
dual cylinder, or drum, wind-up technique. The figure below
shows the data on a LDPE sample, superposed with three times
the shear and complex viscosity measured at a rate of 0.01 1/s
and frequency w = 1/t. The EVF clearly shows excellent data
over a wide range of rates.

106 E
104 E
] 151
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3 4 — 0151
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] 10s-1
] — 351
2 —— 30s-1
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—— 3x complex viscosity
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1072 107" 10° 10! 10
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Stress and shear rate ramps are common fransient experiments
that provide fast and easy ways of characterizing yield stress and
thixotropic behavior in materials. Both of these phenomena are
typical time dependent behaviors of structured fluids that are
important for understanding how a material will perform in an
application. The siress ramp is a standard way of measuring yield
stress of a structured fluid. While ramping the stress linearly with
time, the strain and instantaneous viscosity are recorded. It can
be seen below that the viscosity increases initially and goes
through a maximum. The stress value at the characteristic
maximum in viscosity is a measure of the yield stress. Beyond this
maximum, the material’s structure breaks and the instantaneous
viscosity decreases, or shear thins, with increasing stress. Rate
ramps are more commonly used fo observe thixotropic behavior.
A test procedure involving a shear rate ramp from zero to a final
rate and back fo zero at constant ramping rate is referred to as
thixotropic loop. The magnitude of the stress profile will be higher
in the up-ramp then in the down ramp. The area between the up
and down stress curves as a function of rate is called the
thixotropic index.

1.6x10% 500.01-6000.0
max=1.363x104 [PaS] L 5000.0
- 1:2x10% 007
@ L 4000.0
o
= 00.0 @
= 8000.0- (Pa) F3000.0 5
42, <
2 209 20000 =
(&) - .
2 0000, (1=90.696 [Pas]
k / 100.01 1000.0
0.0 0.0
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Transient viscosity and first normal stress coefficient measurements
on a viscoelastic material in cone plate configuration are
challenging rheological measurements. The instrument must have
extremely low axial compliance in order to minimize inward
flows, which subsequently affect the normal force. The ARES G2
uses a motor air bearing with high axial stiffness and a
non-compliant force rebalance transducer to reduce axial
movement fo less than 0.1pm/N. The figure below shows results
of a series of step rate experiments performed over a shear rate
range from 0.1 to 100 1/s. The ARES-G2 can easily make these
challenging measurements. Both transient viscosity and 1st normal
stress coefficient superpose well at short times at all shear rates.
At longer times, the viscosity and normal stress coefficient traces
diverge due fo the non-inear material response at higher shear
rates. The characteristic overshoot in both the viscosity and the 1st
normal stress coefficient is due to changes of the material’s
structure under strong shear fields.
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Creep and recovery testing is well suited for measuring the
effect of long relaxation times (200 sec). The strain recovery is
a very sensitive measurement of elasticity. In creep a constant stress
is applied and the resulting strain is monitored. Upon steady state,
the stress is reduced to zero and the elastic recoil, or
recovery, of the sample is measured. The elastic component of the
recoil is characterized by the equilibrium compliance Jg. Both the
AR-G2 and ARES-G2 provide the most accurate Jg data by
overcoming inertial effects at the critical transition between the
creep and recovery zones. The AR-G2 offers exiremely low
residual torques and a creep-braking routine, while the ARES-G2
offers excellent torque sensor resolution and employees a
novel control algorithm. The figure below shows the creep and
recoverable compliance for the NIST PIB 2490 standard reference
material as measured on the ARES-G2. Stresses used range from
100 Pa down to 0.03 Pa. The superposition of the creep as
well as the recoverable compliance proves that conditions of
linearity have been fulfilled at low stress. The data shown here are
unprecedented on a separate motor and transducer instrument.
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Geometries

TA Instruments offers a wide range of measurement geometries
including parallel plate, cone and plate, concentric cylinder,
disposable, and forsion solid clamps.

Parallel plate and cone and plate geometries are available for both
the ARES and AR Rheometers in an extensive variety of diameters
and cone angles. Materials of construction include stainless steel,
aluminum, plastic (Acrylic/PPS), or titanium. Disposable plates and
cones are also available for applications such as thermoset curing.

A wide selection of concentric cylinder geometries are available for
both the ARES and AR Rheometers. Options include conical DIN,
recessed, vaned, and double wall. For the ARES rheometers, the
geometries are constructed of stainless steel and titanium. For the
AR rheometers, stainless steel and anodized aluminum are used.

A variety of other geometries are available for both the ARES and
AR Rheometers, including clamps to measure solids in torsion using
the high temperature ovens and immersion clamps. The ARES is
available with many specialty fixtures including linear tack-testing
fixtures, glass plates for optical measurements, and film/fiber fixtures.












