ASNBVEIFMIcre-Batch Mixer

er, Randcastle Extrusion
., Cedar Grove, NJ

Jennifer K. Lynch, Rutgers University

Thomas J. Nosker, Rutgers University









SSE) do not



SelCkEi@lnG

ICHNTIXENS minX:
ngle SHEW Extruders (SSE) do not
%8

o

Therefore, _ﬂ;r gest making a batch
- mixer to scale to a smgle Screw
extruder, IS an oxymaoron.






| Un"r]l ARLEC DaNEW took the SSE as a
flous cormgetileles

u At Anee 07, SE Was described that:

L Compoun% to the 500 nm scale.



m \/entec I OVEr a thln film.







Relg < ratpiel

NNORtPARLEC O, o one took the SSE as a
SEroUSsIcompounder.

m At ARitec 07, an SSE was described that:

m Comppinded to the 500 nm scale.

= Vented over a thin film.

m Used 'nlgin a 36/1 L/D

m Created multiple elongational flow fields—the
same mechanism as the parallel twin
compounder.
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SAChEl@URERYESIErday Antec 08

EVAWARaNnt of this 07’ SSE reported the
anlliystercompound thermally sensitive
Matenels:

= EVOHin multilayer regrind.
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EVAWARaNnt of this 07’ SSE reported the
anlliystercompound thermally sensitive
mMateneals: _

m EVOIENRR ﬂ!ry iegrind.
Cellulose and ol .
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BpAWanant o thist 07 SS reported the ability

LOrcompBURa thermally: sensitive materials:
m EVOIRNINnUWEyEer regrind.

JCallulose ziglelNe)])

- = RPVC Pellets—at unheard of high screw speeds.
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PULPUEREVC Pellets
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SECHOIBIIIEEYEST ﬁday Antec 08

s AWariant of this 07 SSE reported the ability to
compotnaithermally sensitive materials:

=V @RIl 2yerregrind.

m Cellbloseranurol

= RPVE PElIEts—at unheard of high screw speeds.

= RPVC Powder—currently dominated by the conical
twin—now processed easily at even higher screw
speed and scaled up to production!




ay Antec 08

> RENCTRPOWEEN:
- 29 Mm;:

> 180.RBI

> Melt 17/7C -

. 13.2 kg/hr




ay Antec 08

REVCTEOWAEN:
> 29 MM
el KPRV
> Mel't 17/C -
13.2 Kg/nr ”,

> 70 RPM
> Melt 191
> 70 kg/hr
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Colerng Vinyl Film

Flexible PV C peJJets/O.ak/o | 5% yellow concentrate

SFEM
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SinglE SerewsVixer Comparison
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SIRAIerSerew vs Twin Screw
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10 microns b—|
Note: Material viscosity different. Twin @ 2 000 X

Right picture, Antec 95, “CO-CONTINUITY AND PHASE INVERSION IN HDPE/PS BLENDS: THE ROLE OF

INTERFACIAL MODIFICATION” by Daniel Bourry and Basis D. Favis
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Ceramic Nane-Composites
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This picture shows
untangled CNT’s



SeCKEIOUNG:

SSENSEIIpPeNnEANg SFEM
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2% Czlfee)n) J\ngr Tubes & PC

SEiaeaaiiand.. 100,000 X
o s W H (Enhanced)
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Belgejratipjels
SSENSEIIpPeNnEANg SFEM

ooy Canen Nanoe-Tubes In Acetal
CONELICHVE to Dissapative Range
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sipelRding SFEM
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60% RPVC
Before Degassing

1” x 0.125 Tensile Bar
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ENHENElongateris a Spiral Eluted
Elongategal Vixer. Generically: SFEM.

w



MViIcKe=atch mnkers, useful for rare or

EXPENSIVENNOredients.
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VISRt ChipmErs useful for rare or
S IESIVERITEIENLS.

m A miniaetie gjr- Win screw with a
recirculation loop.

= A cup and rotor mixer.

m An Internal batch mixer with roller blades.

m Miniature dual pistons driving material back
and forth.
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EXPERIERLE:

BNV ECHOSCOpPIC: samples with SFEM
ziglelieo)np) el (N micro-batch mixer.



EXPERIERLE:

_ Mzcroseggle: Exiftiefd amples with SFEM
ARG ENE 10 LIIE MICKo-batch mixer.
uVicheseepic: Loot tthe Immiscible

- blendsteffpolystyrene and polyethelene

~ and see [f the domains compare.



S Historicall
ESIgIEsstrevivixers Push!

PUSHIte create melting.
The slipaizer-melting for mixing as shear.
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Mixer Is An Egan Mixer
i aSistance Zone And Channels

" Flighted Barrier (B) c2 Rz C1

C1 dead ends into B causing resistance. Pressure, generated
upstream and by the spiral geometry forces material over the
shaded resistance zone (RZ) where the material is sheared.









We must

need a new
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fNe smaller the domains, the better
e mixing



SUPPESENVENONIY Want To Melt?



=ZUNIINENCEEE =0 Velting Too!



| J\Jevv ﬁmrﬂtn 0N ofi Mixers Pull
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Drag Flow




Drag Flow




VieteeiNs Bimped In A Circle
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Drag Flow
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Drag Flow




ERERIENA@I Radial Pump’s

Particlée Path

Drag Flow




Drag Flow

P = Pump
C = Channel



C = Channel




Region Of
Fine Elongation

In the approach to the first pump, material
experiences fine elongation at low pressure
Lowest pressure means the lowest possible heat

risel Zero Is the lowest.



Outline of twin’s
Bi-lobal kneading
disc

In the approach to the pump, the polymer cannot
“know” whether it Is In a single or a twin screw.



There Is no pressure flow pushing material
iInto P1—only drag flow . Shear mixing Is
maximized. Heat rise is minimized.



GRal"Elongation

Exiting P1, material is released from P1 but
still stuck to the barrel surface. Material
extends two dimensionally.
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End of Second C3 P = Pump C? P1 1

C = Channel
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End of
Second C1

P1 P2 Flight N
End of Beginning of

Second C2 First C1
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Pellets/Powder Plus
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Die hole is covered during compounding then exposed during extrusion
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CHIRVIXEIREEEIING Experiments

g

¥ Polypropylene
- =y +

1% Red

Mixed for 2.5 minutes at 4.3 rpm



CHIRVIXEIREEEIING Experiments

R T W — . ‘

A Polypropylene
‘.»

+
1% Red

Mixed for 2.5 minutes at 4.3 rpm



CHIRVIXEIREEEIING Experiments

{  Polypropylene
- +

1% Red

Mixed for 2.5 minutes at 4.3 rpm



CHIRVIXEIREEEIING Experiments

Polypropylene
= 1% Red

Mixed for 2.5 minutes at 4.3 rpm
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CHVIREREOEEIING Experiments

4! Polypropylene
‘l‘ . <i +
1% Red

Mixed for 3.0 minutes at 4.3 rpm



CHIRVIXEIREEEIING Experiments

" Polypropylene
' +

1% Red

Mixed for 3.0 minutes at 4.3 rpm



CHIRVIXEIREEEIING Experiments

§ Polypropylene
| +

1% Red

Mixed for 3.0 minutes at 4.3 rpm
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C0EIING Experiments

2.5 Minutes 3.0 Minutes
At 4.3 rpm



CHIRVIXEIREEEIING Experiments

| Polypropylene
: +

1% Red

Mixed for 4.0 minutes at 4.3 rpm



CHIRVIXEIREEEIING Experiments

; Polypropylene
| +

1% Red

Mixed for 4.0 minutes at 4.3 rpm



CHIRVIXEIREEEIING Experiments

Polypropylene
+

1% Red

Mixed for 4.0 minutes at 4.3 rpm



CHVIXEREOOIING Experiments

25 Minutes 3.0 Minutes 4.0 Minutes
At 4.3 rpm
~14 Revolutions Total
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10% =leisiorne;] @ LDPE

Double Wave
der Extruder
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ch Mixer:

4, Repeat 2 and #3 five more times
for a 30 grams total.

5. RPVC still not yellowed.



sarbonate & PP
~_SFEM Batch Mixer
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DIscussion/Conclusions:

I

e SEENVIFVIIXER rlm =xtruder:

IS VENEN sm]“gr ohysical geometry

yieldinepvery similar levels of
'MIXEGRESS

> ['lie micre-batch mixer works on a time
scale similar to extrusion.



DIscussion/Conclusions:
I1

e SEEN Iromorlﬂn represent
MEJOIScEnarios in single screw
EXtsIon:
- » Color
'-'J"f"ma_l' y: sensitive materials
» High fi er levels
> Melt Blending
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Discussion/C OrJrJus

> FENSmNXer:

to pelletize.

eir.s arg 2 proper feed stock for

: - Eeguipment.

'- >A |d egradatlon
> Is really fast so R & D mixtures prepared

In the Micro batch mixer will speed
results and scale to extrusion.
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