
STORAGE MODULUS TORQUE RHEOMETER

What does a torque rheometer measure? Lab 14: Torque Rheometer The

oscillatory torque rheometer is an instrument that can measure the

complex viscosity or complex shear modulus for a material. The complex

modulus is important for viscoelastic materials. The storage modulus is

related to the loss viscosity and the loss modulus to the storage visocsity

so that,for example,????? = G???/??.

What is a complex rheometer? From Ron Larson the Rheology of

Complex Fluids (on UC electronic library chapter on entangled flow.) The

oscillatory torque rheometer is an instrument that can measure the

complex viscosity or complex shear modulus for a material. The complex

modulus is important for viscoelastic materials.

Why is complex modulus important for viscoelastic materials? The

complex modulus is important for viscoelastic materials. The storage

modulus is related to the loss viscosityand the loss modulus to the storage

visocsity so that,for example,????? = G???/??. For a Newtonian fluid we

expect G??? ~ ??. For a Newtonian fluid we expect G??? ~ ??2. This is a

signature of flow.

Do CS rheometers have a torque sensor? Figure 3: Stress-controlled (CS)

rheometers do not have a separate torque sensor,since the torque acting

in the sample is determined directly from the electrical torque generated in

the motor. This mode of operation is also referred to as combined motor

transducer mode (CMT). (M = torque; ?? = deflection angle; n = rotational

speed). CC BY license

What happens if storage modulus is larger than loss modulus? This leads

to the situation that the storage modulus is larger than the loss modulus at

some frequencies then there is a crossoverwhere the loss modulus is

larger. At the point where the loss exceeds the storage we observe yield in

the material,i.e. the yield point. The inverse of this frequency is the

relaxation time.
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Do torque transducers affect rheometer compliance? In the case of

dual-head rheometers,on the other hand,the control routines for the torque

transducer will lead to an additional viscous compliance contribution. It

has been experimentally shown that the inelastic compliance contribution

may result in a notable frequency dependence of instrument compliance

(Farrar et al. 2015).

Raw data from the rheometer Torque M (in Nm) Rotational speed n (in

min??>>?) Rheological parameters, calculated  The storage modulus G''

(G prime, in Pa) represents the elastic portion of the viscoelastic behavior,

which quasi ???

A capillary rheometer is quite advanced compared to other rheometers

and it is commonly applied for analyzing rheological properties of polymer

melts (Nelson, 2003).The sample melts in an electrically heated charging

barrel. The capillary die orifice, having a diameter of 0.25???2. mm and a

length of 0.25???40 mm, is installed at the bottom of barrel.

In both cases the complex modulus would be higher, as a result of the

greater elastic or viscous contributions. The contributions are not just

straight addition, but vector contributions, the angle between the complex

modulus and the storage modulus is known as the ''phase angle''.

Storage modulus G'' and loss modulus G'''' measured by the rheometer

are converted to viscosity coefficient ? 1/4  and phase difference of

viscoelasticity ?? for comparison with USR. In addition, the series of strain

amplitudes in the large amplitude oscillatory shear (LAOS) test is also

converted to the effective shear rate (dot{gamma }) eff .
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with the storage modulus G??? and the loss modulus G???. One may

rewrite the resulting shear stress as a phase-shifted signal of stress

amplitude  of the Haake Viscotester 500 for two different plate diameters

and cone angle 1? based on the angular velocity and torque specifications

of the rheometer.

The measurements of torque rheometer showed that both plasticizing time

and stabilization torque are decreased with increasing ACS content. The

PVC/ACS melts displayed larger dynamic storage modulus (G???), loss

modulus (G??????), and complex viscosity (??*) than that of pure PVC,

and these values reached maximum for the blend with 10 wt% ACS.

The resulting torque values and phase lag can be used to compute the

sample's oscillatory elastic storage modulus G??? and viscous loss

modulus G??? (see Supplemental Material). Commercial rheometers rely

on sensitive force transducers to measure the restoring torque the sample

exerts on the plate as it is sheared and can cost between $40,000 

non-linear and the storage modulus declines. So, measuring the strain

amplitude dependence of the storage and loss moduli (G'', G") is a good

first step taken in characterizing visco-elastic behavior: A strain sweep will

establish the extent of the material's linearity. Figure 7 shows a strain

sweep for a water-base acrylic coating.

The values measured by the rheometer (deflection angle, torque, and

phase shift) together with the conversion factors for the measuring system

now give all necessary data to calculate the required rheological

parameters such as the storage modulus G'' or loss modulus G''''.  for the

measuring system now give all necessary data to 

However, the slope of the storage modulus is steeper, which eventually

leads to the two values crossing and the occurrence of the gel-sol

transition. The crossover point is different for the hydrogels tested;

namely, one of them is affected by the collapse in the microgel structure
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leading to a lower crossover point at T = 36 ?C, whereas the 
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cone-cone rheometer 79 controlled stress measurements on scorch 287

Couette flow 35 Cox-Merz correlation  shear modulus ??? elastic or

storage 128 ??? loss or viscous 128 shear rate 35, 58 shear rate sweep

59, 61, 71  S??? torque 84 strain and frequency effects for scorch

measurements

The physical meaning of the storage modulus, G '' and the loss modulus,

G??? is visualized in Figures 3 and 4.  A torque-measuring rheometer is

connected to one of the plates and shall be able to measure the torque

within ?2% of the minimum torque used in the measurement.

Storage modulus G ??? and loss modulus G ?????? versus shear

amplitude ?? 0 in an amplitude sweep on an LDPE melt at 150 ? C and ??

= 0.3 rad?s ???1 (logarithmic scales).

the Discovery Hybrid Rheometer (DHR) and ARES-G2 and introduce the

third kind . Rotational Rheometers Designs Applied Strain or Rotation

Measured Torque (Stress) Direct Drive Motor Transducer Controlled

Strain Dual Head Rheometer Single Head Rheometer  Storage Modulus

Onset - Relates to mechanical Failure 50.0 75.0 100.0 125.0 150.0 175.0 

Table 1: Specifications of the HAAKE Viscotester iQ (Air) Rheometer for

experiments in oscillation mode. Figure 2: Storage modulus G'' and loss

modulus G" as a function of deformation ?? for different consumer

products at 25 ?C. This becomes even more obvious when testing a more

delicate sample like a tomato ketchup. The results of the 

require the rheometer to operate close to the low-end torque specification.

These yield stress values cannot be easily determined using the stress

sweep method, even if small torque increment steps were applied.

Furthermore, can loading of the sample damage the weak structure before
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the test begins. Viscosity ?? [P a s] Shear Stress ?? [Pa] 108 
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??? Coaxial Cylinder Rheometer was used to study dynamic

measurements which include storage modulus G and loss modulus G for

a silica suspensions in an aqueous solutions consist of

hydroxypropylmethyl cellulose (HPMC) at different silica and polymer

concentrations. Yoshitaka Ryo, Yasuhiro Nakai, and Masami Kawaguchi.

298 Gerard Marin d offset distance in orthogonal rheometer Est, Ed

storage and loss moduli, eqns (10.10) and (10.11) respec- tively G~

Plateau modulus of entangled polymers h cylinder length, eqns

(10.26)-(10.29) I moment of inertia, eqns (1O.67}-(1O.72) K instrument

compliance, eqns (1O.92}-(1O.95) n number of peaks counted in

logarithmic decrement, eqn

the rheometer plate at any given instant and the dimensions of the

sample. We can then define the storage modulus, G'', which characterizes

the solid-like component of the material and the loss modulus, and G'''',

which characterizes the fluid-like component, such that the stress is given

by = G'' 0 sin( t) + G'''' 0 cos( t),

Basic consideration of the experimental methods using parallel-plate

oscillatory rheometer and step-by-step guidelines for the estimation of the

power law dependence of storage, G ??? and loss, G ??? modulus as well

as the estimation of the relaxation time at f cross G ??? ??? G ??????

???

The inner workings of a rheometer are finely tuned and balanced in order

to measure ''at rest'' stationary conditions. The important components

enabling such sensitive measurements are highlighted in Fig. 8, an

inductive motor (1 in Fig. 8) enables the precise control of the instrument

torque and angular position. An air bearing (3) allows 
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Experiments can determine the storage (G'') and loss (G") modulus as

well as viscosity, creep, and stress relaxation data. Shear modulus (G)

??? material stiffness; modulus = Stress / Strain. ???

Fig. 6: Storage modulus G'' and loss modulus G'''' as a function of

frequency f for different consumer products at 25 ?C. It can be seen in Fig.

5 that the available deformation range depends on the viscosity of the

material. Because of the lower torque limitation due to the mechanical

bearing,

The Discovery Hybrid Rheometer is the industry's leading instrument for

measuring viscosity and modulus with superior performance, ease-of-use,

and versatility.  Oscillatory rheology measures viscoelasticity (Storage

Modulus, Loss Modulus, Tan Delta) of materials ranging from low-viscosity

fluids to stiff solids in DMA mode (Dynamic 

the multiplier factors of the oscillation torque at each frequency. Based on

this test setup, the multi-wave test will be performed at 3 frequencies of

10, 50 and 100 rad/s at oscillation torque of 100 uNm, 10 uNm and 1

uNm, respectively. St or age modulus G'' (P a) L oss modulus G" (P a)

Angular frequency ?? (rad/s) Frequency Sweep Multi 

The complex modulus (G*) has a real and an imaginary part represented

by G??? and G???, respectively. Storage modulus (G???) measures the

deformation energy collected in the solid part of the 

torque sensivity ??? Strain???controlled  enough that most rheometers

can operate OK in both modes Rheometer geometries  Linear

viscoelascity strain amplitude ?? 0 storage modulus G'' loss modulus G"

Acquire data at constant frequency, increasing stress/strain . Typical
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components, i.e. storage modulus E'' and loss modulus E" (Fig 8). E'' is

the ratio of the stress in phase with the strain to the strain,  rheometer.

Torque is monitored at constant oscillating frequency and angular

displacement. In the parallel plate system, the shear strain (??) and shear

stress (??) are determined 

Hybrid Rheometer, as an example in this note. EXPERIMENTAL The

sample was a two-part commercial epoxy. The parts were  (min torque of

5 ? 1/4 Nm) and frequency of 1 Hz was used for all measurements. The

environmental test chamber was used  the point where the storage

modulus crosses over the loss modulus as the gel time. This is also the 

Download scientific diagram | Dynamic rheology: a storage modulus, b

loss modulus, c complex viscosity as a function of frequency for

LDPE/PLA blends (T = 175 ?C) from publication: Viscosity and 

Young's Modulus is the slope of the stress and strain curve 

Fundamentally, a rotational rheometer will apply or measure: 1. Torque 2.

Angular Displacement 3. Angular Velocity  (Storage) Modulus: Measure of

elasticity of material. The ability of the material to store energy.
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