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Calendering i
sucgegi@l sst'edlvea’s Usolved”

APVC is frequently calendered
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Jean<C Chauffoureatx =
SOLVAY, Brussels):Belgium

J.C.Chauffoureauxet al.
“Flow and ThermalStability of/Rigid"PVC

APresentedatAIChE Meeting, New York (1977
APublished J.Rheol. 23, 1-24 (1979

- Wall slip by optical observations of tracersiin aslitdie.
- Slip velocity from smooth vs grooved dies.
- Effect of lubricants

- PVC thermal degradation
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JeanChauffoureauxprovided me (= 1978)

ARheological dataforrigid PVC-andcalendering
data (pressure,torgue)

U viscosity 7=K(M)& " (power-law)

U Wall slip velocity U, = Atr° +c

Predictions of pressureand torque compared welll
with lubrication f low.analysis: oft calendering.

J. Vlachopoulos-and’A:NHrymak, Pol. Eng.5ci20, 725731 (1:980).

www.polydynamics.com 4



~— ConsistencyK(T) variation

8 x10* - RIGID PVC 0’ -
Cw :g =
4 e L
g 6x10°| £ RIGID PVC
g 5x10* | [a)
< 4
5 g E
2 4x10*} Q =
5 2
‘é’ 3x10* E —
O = L
2x10* - 8 -
10 10° L 1 1 ]
2 21 2.2 2.3 24
0.0 Il i I | 1 | 1
10 160 170 180 190 200 210 220 (-—-) x10° (K™)
TEMPERATURE (°C) T

www.polydynamics.com



~— Power-Law exponentn(T) —
and Wall Slip Velocity U, variation
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MODEL OF PVC FUSION
according to J. .- -
e.g. J.Winyl/Add.Techn.,

b} Partially meited PVC primary
particles,

c) Partially meited then recrystallized  d) Partially melted then recrystallized
high molecular weight PVC, low molecular weight PVC, showing
showing strong three dimensional weak three dimensional structure.
structure.
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TYPICAL PIPE DIE WITH SPIDER

DIE HOUSING DIE CENTERING
SCREW MANDREL /FPIN

DIE RING

* HELTERS

TORPEDO ||
SPIDER COMPRESSED AIR

t SPIDER LED -6 -CROSS SECTION

from www.pitfallsinmoldingzcom:
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= WELDLINES

i WELDLINE
Splderleg poor bonding

LINES OF REDUCED
MECHANICAL PROPERTIES
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Minimize: WELDLINE problems:

1. Melt homogeneity
2. Higher temperature (limited! for PVC,

degradation)
Higher pressure(longer die, constrictiom)

3.
4. Specidlspiderlegdesign
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WELDLINES behind the spiderlegs are
regions of reduced mechanical properties

Flow direction i)

A B C D E

Fig. 2. Conventionally shaped spider A and new shapes of
spiders B - E.

Y. Huang and IP./Prentice /R0l Eng:Sci38, 1506((1998)
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M.A.L. Lupke and S/A.Lupke, EP23116232011)
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Customerwants:

CIHigh output (meters/miim)
C!Minimum weight (kg/meter)

CIAdd more CaCaQq, filler
(OMYA recommendsup to 30 phr)

CIPipe must passtihe parallel plate
test



Critical —

ic‘actions

Picture from: R.M. Guedes, Comp. Struct., 88, 188 (2008).
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FLUID AND SOLID RHEOLOGY -

y
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~ oEinstein-Batchelor (equation):

viscosity /1, =h,(1+2.5f +6.25°)

satisfactory approximation even at high loadings
(2 volume fraction)

oKrieger-Dougherty model for fitting::
hih, =(f- f/f )"

wherez _ : volume fraction at maximum
packing
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e TENSILE TESTING
oEinstein-Guth-Gold (Modulus):

E, = E,(1+25f +14.1f?)

oFailure strain: e =¢,(1- 1.105"°)

A

stress

7 SLOPE=MODULUS
strain :
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-As PVC is melting: the microcrystallites fuse
together forming: some kind of a partially
gelled mass The degree of gelation (or
fusion) is higher at higher temperatures. But,
at high temperatures degradation willl occur.

- TEMPERATURBWVINDOW/: 183C-203C.

-CaCQ, influences viscosity, temperature
(more V|scousd|SS|pat|on) and fusion.
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Three methods for determinatiom of
degreeof gelation:

u DSC

U+ Entrance pressurein a“-z«€ length
capillary

U Torque rheometry

www.polydynamics.com
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- GELATION L EVEL DETERMINATION
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e DSC
100 {M-LS, M-HS and DB senes)

o (apillary rheometry
(M-LS and M-HS series)
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Real melt te mperature determined by DSC (°C)

L-A Fillot et al. J.\Vinyl Add.Techn., 98-107 (2009
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Figure 1 Typical torque rheometer process curve of rigid
PVC: 1: torque at (A) the point of loading; (B) the minimum
point; (G) the point of inflection; (X) the maximum point; (E)
the end of the test (most often at the point of equilibrium); 2:
temperature.

J. Tomaszewskeet al., J./Appl.IR0l.5Sci.106 3158(2007)
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~— The importance of
viscous dissipation (heating)

D(T) ~ K(T g™

PVCmust NOT BEUNDERFUSED
NOT BEOVERRUSED

Target ~193°C
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7 <9 &> Internal lubricant
f"jf‘ﬁ”\‘\ (fusion promoter, high molecular

weight PE)
f e
}ig ® ‘. PVC particle
o
® ™
]% f “: : external lubricant
(

(wall slip promoter, e.g. low molecular

W“-/ weight PE)

- Very strong rheology modification
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~—Heracleitus (6" century BC)

“IIANTA PEI”
“EVERYTHING FLOWS”

J. R.IDorgan (SOR/MantreaP013
(Colorado Schoolof Mines)

“EVERYTHING SLIPS”
nansiaion ILANTA OAIZOANEI”

The verb OAIXOANEI appears in Cratyl US dialogue by Plato (student of Heracleitus)
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THANK YOU
Q&A
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