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Parameter Space (~ 10Parameter Space (~ 106 6 Experiments) for Polymer Experiments) for Polymer 
NanocompositesNanocomposites

Polymer Nano-
additive 

Organic 
Treatment 

Processing 
Conditions 

Other 
additives 

Flame 
Retardant 

 
PE 
PP 
PS 

PA6 
PU 

PVC 
 PC 
PEO 

PMMA  
EVA 

Epoxy 
. 
. 

clay 
POSS 

Carbon 
Silica 

. 

. 

. 

. 

. 

. 

. 

. 

Alkylammonium
Imidazolium 

Chelates 
Silated 
Alkyl 

Carboxylate 
. 
. 
. 
. 
. 
. 
. 

Temperature 
Shear 

Residence time
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 

Stabilizers 
Processing 

UV 
Antioxidant

Fillers 
Pigments 

. 

. 

. 

. 

. 

. 

. 

Phosphate 
Halogenated 
Silicon Based

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 



Conventional 
Property 
Characterization:
Tensile testing, 
DMA, UL94, 
Cone calorimetry 

High Throughput  
Property 
Characterization:
Nanoindentation, 
flame spead, 
rapid calorimetry

High Throughput  
Material 
characterization: 
on-line sensors,
NMR, auto TGA, 
auto XRD, SAXS

Conventional 
Material 
Characterization:
TEM, GPC, 
XRD…
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and processing 
variables
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Standardized: inventory control, experimental design, 
data input, analysis and visualization



Extrusion of  SamplesExtrusion of  Samples

~ In~ In--line sensors: UVline sensors: UV--VisVis, FTIR, , FTIR, opticaloptical, , 
dielectricdielectric

Extruder

Gravimetric feedersGravimetric feeders

Extruded homogeneous sample or gradient samples

Off line High Throughput: Off line High Throughput: 
TGA, XTGA, X--Ray scattering, Ray scattering, NMR, NMR, 
nanoindentation,nanoindentation,
Flame spreadFlame spread



Extruded Extruded samplessamples

Low

High

No pelletizing or injection molding



Additive Filled Polymers: Additive Filled Polymers: 
Gradient and Single CompositionGradient and Single Composition

•PP: Pure and FR
• Poly(phenyl-POSS) : (0-11 mass-%)
• Poly(vinyl-POSS) : (0-11 mass-%)

• ABS
• Poly(vinyl-POSS) : (0-11 mass-%)

• 9 different single-composition strands 
• 3 replicates each
• up to 50-60 different compositions



FiberFiber--OpticOptic SensorSensor
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POSS/PE GradientsPOSS/PE Gradients
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Fluorescence of NBFluorescence of NB--MMT ClayMMT Clay
Nile-Blue-clay
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Fluorescence Monitoring of ExfoliationFluorescence Monitoring of Exfoliation
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Fluorescence Monitoring of Fluorescence Monitoring of 
Exfoliation Exfoliation 

PAPA--6 2% IM/NB MMT 1 min6 2% IM/NB MMT 1 min PAPA--6 2% IM/NB MMT 7 min6 2% IM/NB MMT 7 min

Laser Scanning Laser Scanning ConfocalConfocal Microscope; 80 images, 370 nm sliceMicroscope; 80 images, 370 nm slice
Charles Wu, Charles Wu, LipiinLipiin SungSung



Optical Monitoring of Exfoliation Optical Monitoring of Exfoliation 

PAPA--6 2% IM/NB MMT extruded6 2% IM/NB MMT extruded--77 minminPAPA--6 2% IM/NB MMT extruded6 2% IM/NB MMT extruded--11 minmin

Nile-Blue-clay

Micro/intercalated Disordered exfoliated

Maupin, et al,  Macromol. Rapid Comm. April, 2004
Gilman et al, PMSE, 2004



MultiMulti--Walled Carbon Nanotube Walled Carbon Nanotube 
Polymer CompositesPolymer Composites

Polymer

Ionic Liquid Modified
Multi-Walled Carbon

Nanotube

?



Confocal Microscopy of PSConfocal Microscopy of PS--MWNT MWNT 
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Quantitative Image Analysis of PS/MWNT NanocompositeQuantitative Image Analysis of PS/MWNT Nanocomposite

PS/ untreated-MWNT PS/ imidazolium treated-MWNT

Figure  : TEM pictures of  a)  PS/MWNT untreated sample and b) PS/MWNT/(1:1)DMHDIm-TFB sample, both partly threshold into binary images.

b)Nearer MWNT
Median = 38 ± 13 nm

Nearer MWNT
Median= 109 ± 6 nm
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Image analyses to quantify nanotube orientation

TEM images of PS/MWNT (Hyperion Catalysis) mixed 
by extrusion (195°C, 200 RPM, 5 min). Image analysis 
performed after removing the background

TEM images of PS/MWNT (Hyperion Catalysis) 
mixed by extrusion (195°C, 200 RPM, 5 min) and 
drawn into fiber. Image analysis performed after 
removing the background
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High Throughput SystemHigh Throughput System--2 2 
Gradient CoatingsGradient Coatings



High Throughput ScreeningHigh Throughput Screening
of Military Aircraft Topcoat Accelerators Projectof Military Aircraft Topcoat Accelerators Project
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a) Micro-IR spectra taken from six spots between 4 h to 106 hours after the 
coatings were sprayed.  All spectra were normalized to the –CH2- peaks. 
b) The isocyanate and the -CH2- peaks in the respective spectral regions used for 
the peak ratios. 

Laser Scanning Confocal Microscope;Laser Scanning Confocal Microscope;
100s of images, 100100s of images, 100--1000 nm slices1000 nm slices
Lori Lori BrassellBrassell, , SeverineSeverine BalayerBalayer, , LipiinLipiin SungSung

Micro FTIR cure monitoringMicro FTIR cure monitoring
Naomi EidelmanNaomi Eidelman



High Throughput ScreeningHigh Throughput Screening
of Military Aircraft Topcoat Accelerators Projectof Military Aircraft Topcoat Accelerators Project

Gradient #3, 1000, 1600, 32s, (2100- 2551)/(2700-3040)cm-1

Naomi EidelmanNaomi Eidelman
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ConclusionsConclusions
Extrusion offers rapid sample Extrusion offers rapid sample 
preparation and with inpreparation and with in--line sensors line sensors 
the potential of HT characterizationthe potential of HT characterization
Gradient Spray Coating Facility Gradient Spray Coating Facility 
provides rapid sample preparationprovides rapid sample preparation
FTIRFTIR--Microscopy, Optical probes and Microscopy, Optical probes and 
Confocal are inherently High Confocal are inherently High 
Throughput vs. alternativesThroughput vs. alternatives
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