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BARYENFROMEMT, WtH, E5, WEF, MRS THITH

BEVKNRS, TRES FHZEMNESEEH, MRBENETHORKITHLE R (IEH) To cause a polymer to deform or flow
BAMMRETABICRTATEN, STERRSH. AREHEE. Eh. ME. i el , , . ‘
B A R AR N2 (a) if the force is withdrawn quickly — polymer will rebound[f|5! (a relaxation process)
(b) if the force is applied consistently — polymer will flow irreversibly
it e the flowing polymer liquid will be very viscous due to chain
Gt O\tids | k(22 entanglement and frictional effects
i,
AR, EFRE

® amorphous polymers are viscoelastic materials
— combination of elasticity and viscous flow
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Concept of Rheology sz Concept of Rheology szt

Polymer chain segments are stretched by the force, this is the elastic element of the motion

As the Polymer chain segments are stretched, there is friction between these chain segments — this is the viscous
damping element

Deforrlrmtlon Fl;w When the force is removed, the chains return to the original state — during this motion, there is also friction
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Viscoelasticity \\’ :::;rlzted
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Shear Flow and Viscosity
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9. 1 Melt Flow Shear stress
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Shear rate
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Newton's law m_ ‘ n: Melt viscosity ‘
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Types Of M6|t FIOW Probably caused by some special type of structural Types Of M6|t FIOW
W%ﬁiﬂ E{J%ﬂ arrangement, arising from conformational and W%ﬁiﬂ E{J%ﬂ

secondary bonding forces
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Pseudoplastic Fluid fmsteyin
Shear Thinning Fluid 2% # Power Law a5
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_ . Shear rate dependence of shear
T = 77 a y stress and apparent viscosity of
pseudoplastic fluid

Characteristics and Mechanism

9.2 Viscous Flow of 4 SN

POlymerS ‘ Viscosities of some common materials
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v RBESFIMRS 101 liquid
100 liquid
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1022 rigid
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Flow Mechanism gz Flow curve
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Explanation in View of Entanglement
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Increasing shear rate

=25y ~ z
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Increasing shear rate makes disentangling faster than reentangling

9.3 Factors Influencing
Viscosity of Polymer
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Temperature &5
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by local chain segmental motion
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Shear rate syyym=

n, = Ky"™!

‘log n =log K +(n—1)log y
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’ Universal flow curve of polymers

Temperature- and shear-sensitive polymers
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Chalin structure 4y

Melt structure mkssi
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9.4 Elastic Effects in Phenomena of the elastic effect
Polymer Melt
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0 Weissenberg effect (EHREHRN)
0 Die swell (BrifK) (BHEI)
0O Unstable flow (RF&ERzN)

Normal stress differences
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Normal Stress 3% B 7
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Newtonian fluid o =

Normal stress differences
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Die swell (Barus effect)

O When a viscoelastic fluid is extruded, it flows from the
die and retracts, resulting in swelling to a much
greater diameter than that of the die

Q&5 FRIBHREHETH DR, SFFHIRTATO
BRY, BERELETE

BRI A) > IR E, BN OER TG
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O Phenomena i

O Explanation
v B MUEERT, BTG
Rk > EBRMHEINRERR, SET
TRERH
v BRSNS NERE &)
v IBGEREEELARA. Ch)
4 M

Bt th Bk K (Barus & B)

Die swell phenomena
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Unstable flow (Melt breakup)
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from left to right corresponds to increase of shear rate
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Instability of flow leading to disruption of a stream: transition

Weissenberg effect
FREHN, HETL
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HES LK
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When a rotating rod is placed into a vessel containing a fluid

O A Newtonian liquid would be forced toward the rim of

the vessel by inertia

QA polymer melt or a concentrated polymer solution

moves toward the rod, climbing it

Explanation
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Explanation of Die swell
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Appearance of closed vortices near a sharp
corner around a sudden reduction of cross-
section surface area

Unstable flow (Melt breakup)
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9.5 Tensile Viscosity
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Tensile viscosity IR BB,
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Tensile viscosity
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9.6 Methods to Measure Melt Ball Viscometer RN T
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Equation in use
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Rotational viscometer  jessigit v M

Mooney Index ri/es:g

Comparison of the methods
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Define the following terms

YV VY V VYV VYV

Newtonian fluid
Bingham fluid
Pseudoplastic fluid
Dilatant fluid
Weissenberg effect
Die swell

Melting index
Apparent viscosity
Tensile viscosity



