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New Members

The Masco Corporation is a new
thrust area member in Thermoset Poly-
mersand Composite Manufacturing. As
one of the world's largest manufactur-
ers of brand-name consumer products
for thehomeand family, Mascoisalsoa
leading provider of servicesthat includes
the installation of insulation and other
building products.

The Kimberly-Clark Corporation, a
new thrust areamember in Thermoplas-
tic Processing, is a leading consumer
products company. It produces many
popular personal care, tissue and health
care brands. Kimberly-Clark also is a
major producer of premium papers. The
company has manufacturing operations
in 42 countries and sells its productsin
more than 150 companies.

Industrial Technology Research
Institute (ITRI) is agovernment-spon-
sored, non-profit research organization
in Taiwan. Mechanical Industry Re-
search Laboratories (MIRL) is one of
themgjor branchesof ITRI. MIRL/ITRI
will collaborate with CAPCE to develop
new machines and processes for ad-
vanced polymer engineering, particularly
in the field of microfabrication and
BioMEMS.
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CAPCE Phase Il Award

CAPCE at The Ohio State University
was launched on October 1, 1997, with
a five-year Phase | award by the Na-
tional Science Foundation (NSF). A
five-year Phase || award for $365,000
will begin on October 1, 2002. Under
the Phase || plan, CAPCE will expand
toinclude two out-of-stateinstitutional
sites. NSF encourages the formation of
multi-institution centers because they
provide a broader research base that
more readily addresses industry’s re-
search needs. One site is the Florida
Advanced Center for Composites Tech-
nology at Florida A&M University-
FloridaState University (FAMU-FSU),
lead by Dr. Ben Wang. The other isthe
Engineering Polymer Industrial Consor-
tium of the Polymer Engineering Cen-
ter (EPIC/PEC) at the University of
Wisconsin-Madison (UWM), lead by
Dr. Tim Osswald and Dr. Lih-Sheng
Turng. Each site will bring additional
industrial members and faculty re-
searchers into CAPCE.

The FAMU-FSU site emphasizes study
of the various life cycle issues regard-
ing affordable composite materials,
while the UWM-EPIC/PEC site ad-
vances the understanding and technol-
ogy of awiderangeof polymer and poly-
meric composite manufacturing pro-
cesses. CAPCE projects that are pro-
posed by thetwo new sitesarelisted to
the right. For information, contact

stevenson.2@osu.edu or 614-292-9271.
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FAMU-FSU SITE

« Science-Based Process Development of RTM
and VARTM

« Permeability Characterization for Liquid Com-
posite Molding

« Resin Infusion between Double Flexible Tool-
Ing

« Magnetically Aligned Nanotube Bucky Papers
for Multi-Functional Composite Materials

¢ Molecular and Crystalline Characterization of
Polyolefins and their Blends and Composites

« Development of Acoustic Attenuating Com-
posites

« Development of High Temperature High
Strength Rare Earth Al-based Alloys

* Rapid Cost Estimation for Early Composite
Design Evaluation of Composites

« FRP Compositesin Retrofit of Deficient Struc-
tures

* Modeling of Heterogeneity and Durability in
Composites using Statistical and Neural Net-
work Approaches

UWM-EPIC/PEC SITE

« Non-Invasive Visua Measurements of Poly-
mer Processes

« Integration of Miniature Fusion Deposition
Modeling and Laser Direct Write for Micro/
Meso “Smart” Polymer Parts

« Microcellular Co-injection Molding

« Integration of Injection Molding Simulation and
Optimization

« Research on Rheology in Plastics Processing

 Field-Aided Manufacturing of Polymer Com-
posites

* Novel Sensor Technologies.
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Thrust Area Update:
Thermoplastic Processing
Dr. Kurt W. Koelling, Program Manager

Feature Project

Theaddition of nanometer-sized particles
can facilitate the formation of
microcellular foams in the continuous
extrusion foaming process. The nano-
clay montmorillonite (MMT) offers a
high aspect ratio (10-1000) and a high
surface area. Both intercalated and ex-
foliated polystyrene/nano-clay compos-
ites were foamed using CO, as the
foaming agent. Intercalation is the re-
sult of the penetration of polymer chains
into the interlayer region and interlayer
expansion. In intercalation the ordered
layer structureis usually preserved and
can bedetected by X-ray diffraction. By
contrast, in exfoliation theindividua na-
nometer-thick silicate platelets are ran-
domly dispersed in the polymer matrix.
Exfoliation resultsin extensive polymer
penetration and silicate crystallites
delamination.

Microcellular foams are a novel mate-
rial with many advantages. The nano-
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Figure 1. Cell sizeand cell density at
different nano-clay concentrations for the
PS/20A intercal ated composites.

Processing and Cell Structure of Nano-Clay Modified

Microcellular Foams

By Xiangmin Han and Changchun Zeng (Lee, Koelling, and Tomasko)

clay canfacilitate theformation of small
cellsand changethe cell structure (open
or closed). Thenano-clay canimprove
the properties of the resulting foams,
such asthe barrier properties, mechani-
cal properties, and heat resistance. The
adding of supercritical CO, may also
help the dispersion of the nano-clay lay-
ers.

A polystyreneresin (Fina) wasblended
with Cloisite 20 A (Southern Clay) to
make the intercalated structure in a
twin-screw extruder (Leistritz ZSE-27).
The exfoliated nano-clay/polystyrene
compound waspolymerizedin-situinour
lab. The microcellular foaming extrusion
was performed on a two-stage single-
screw extruder (HAAKE Rheomex
252P).

As shown in Figure 1, the cell size de-

creased dramatically after a small

amount of nano-clay (~ 2.5 wt%) was
blended in polystyrene. The cell den-
sity increased nearly linearly withthe
increase of nano-clay concentration.
Comparing the SEM images of
samples containing 0%, 2.5%, 5%,
and 7.5% 20A, it was found that an
open cell structure is created at high
nano-clay concentrations. TEM re-
sults showed that many small cells
nucleate around the nano-clay par-
ticles and grow along the length di-
rection of the clay to form cigar-
shape foams. We also compared the
nucleation effect with talc, whichin-
dicated that the nano-clay has a
higher nucleation ability.

Asacomparison, an exfoliated polysty-
rene/nano-clay composite was prepared

"
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Figure 2. SEM images of intercalated and
exfoliated compositefoamsat different
magnifications: a) intercalated (x 800); b)
exfoliated (x 800); ¢) intercalated (x 12800);
and d) exfoliated (x 12800).

by in-situ polymerization and then
foamed at 200 °C. The foamed exfoli-
ated composite extrudate exhibitsavery
smooth, glossy surface that may come
fromthe orderly alignment of thesingle
clay layers, or from less flaws due to a
strong dispersion of theclay particlesin
the polymer matrix. Instead of opencells
as observed in the intercalated sample
(Figure 2a), the SEM picture (Figure 2b)
of the exfoliated composite shows a
microcellular foam structure in which
cells are round in shape and well sepa-
rated from each other. Very few coa-
lesced cellsare observed. Thecalculated
averagecell sizeand cell density are4.9
micronsand 1.5 x 10° cells/cm?® respec-
tively. Figures 2c and 2d show the SEM
picturesat ahigher magnification forin-
tercalated and exfoliated composites,
respectively. The intercalated
nanocomposite foams exhibit abimodal
cell size distribution, with larger cells
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Thermoplastic Processing

about 5 micronsin diameter and smaller
cells less than 1 micron distributed on
the cell wall. The exfoliated
nanocomposite foams also show that
finer featuresexist onthecell wall. How-
ever, fromthe SEM it isunclear whether
these features are small bubbles at the
nanometer scale, or the nano-clay lay-
ers themselves. Further study is being
conducted in this area to better under-
stand the effects of particle size, disper-
sion and concentration on thefoam struc-
ture and properties.

High Shear Rheometer
By Kai Kang (Koelling, Lee)

A conventional rheometer can only
achieve shear ratesashigh as 10° s. In
this study, a micro-channel type struc-
tureisused to obtain shear rates as high
as 5 x 10° st. Its micro size (~ 1 um)
offersahigh surface-to-volumeratio, al-
lowing a high mass and heat transfer
rate; a high shear/extension; and a low
Reynolds number. A series of polymer
solutionsweretested in thisunit, using a
1%, 1.5% and 2% 4,000,000 Mw poly-
ethylene oxide (PEO) solution. Thedata
obtained from this new rheometer ex-
tend conventional rheometer results
smoothly. At an extremely high shear
rate, polymer degradation is observed.
It wasfound that thisdegradationiscon-
trolled by shear stress, rather than shear
rate.

High shear rheology is required in
many situations. One exampleisin lu-
bricant development. This micro-chan-
nel rheometer can also be used in the
blood viscosity study in capillary blood
vessels. Common rheometers tend to
treat red blood as a homogenous fluid.
Given the relative sizes of red blood to
capillary blood vessels, thisis an inap-
propriate treatment. A micro-channel
type rheometer, however, has an intrin-
sicsimilarity with such asystem. Thusit
isanimportant tool for studying material
transport in microfluidic devices.

Co-injection Molding of
Thermoplastic Foam
Materials

By Shunahshep Shukla (Koelling)

A Hele-Shaw Cell has been set up in
our labto study theinterfacial evolution
and viscous fingering characteristics of
two-phaseliquid-liquid systems. Combi-
nationsof liquidswith different rheologi-
cal properties are being studied in our
simplistic Hele-Shaw geometry to gain
someinsight into theinstability charac-
teristicsof theinterfacein an actual mold
cavity. Another goal inthisresearchis
to look more closely into the currently
held theories of nucleation in polymeric
foam systems and generate and exam-
ine experimental data to better under-
stand the phenomenon.

The shear viscosity of molten poly-
styrene foams at low shear rates was
measured earlier on aparallel-platerhe-
ometer (RM S-800) availablein our lab.
Experiments are planned to measurethe
viscosity of polystyrene foam and gas
charged polymer solutionsat high shear
ratesusing acapillary dieattached down-
stream of an extrusion system. Other
experiments are planned that will opti-
mize key processing parameters in the
machinein order to produce lightweight
plastic parts having excdl lent surfacefin-
ish and good mechanical integrity.

Simulation of Injection
Molding with Micro-Features
By Liyong Yu (Lee, Koelling)

Simulations for injection molding with
micro-features were conducted using
Moldflow software. The studied mold
cavity isathin-wall rectangular platewith
amicrochannel (W/H=200um/1000um)
inthemidplane. Themodel employed a
high variety of mesh densities. Both 2D
X-Y midplaneand 3D simulationswere
conducted. 2D simulation showed that

the micro-feature deterred themain flow,
while 3D simulation showed no obvious
effect on the main flow. Both 2D and
3D simulationsobtained asimilar filling
depthinthe micro-channel. Simulation
inthe 2D X-Z planewas also devel oped,
and the results were close when using a
high heat transfer coefficient. However,
it also showsthat thefilling depthisvery
sensitiveto the heat transfer coefficient.
Efforts are underway to study the ef-
fects of inertiaand fountain flow.

Rheology and Processing of
Polymeric Coatings
By Jianhua Xu (Koelling)

Therheol ogical behavior of waterborne
paintsisbeing studied. It wasfound that
these paintsexhibit shear thinning behav-
ior, as well as thixotropy. The current
treatment of paint as a Newtonian fluid
is not satisfactory when used to calcu-
late the pressure drop in the paint circu-
lation system. Our study showed that
athough the paint exhibited thixotropy, a
pseudo steady-state flow would exist
shortly after the start of circulation. At
the pseudo steady-state, the Carreau
model can be used to predict the pres-
suredrop satisfactorily over afairly wide
range of flow rates. At lower flow rates,
the power law model is also adequate.
In addition, the degradation of the paint
caused by circulationisalso being stud-
ied. Thetiny metallic flakesin the paint
will “crumple” under high shear rate so
that thefinal paint film will look “dull”,
which is unacceptable. The high shear
rate occurs at the pump and the back-
pressureregulator inthecirculation sys-
tem. A series of experiments with dif-
ferent settings of the back-pressure and
flow rate is being performed. We hope
to beableto figure out optimum operat-
ing conditions, i.e., the back-pressure
setting and flow rate, which will reduce
the amount of degradation and energy
used to maintain the circulation.

- continued on next page -




Thermoplastic Processing

Effect of Non-Newtonian
Rheological Properties on
the Gas-Assisted Injection
Process

By Yijie Wang (Koelling)

Gas-assistedinjectionmolding isanewly
devel oped techniqueinthe polymer pro-
cessing field. Stainless steel capillary
tubeswith different diameterswere used
as the flow geometry. Three types of
Carbopal solutionswith highly shear thin-
ning rheologica properties were tested
as the displaced fluids. Two different
concentrations were tried to study the
effect of shear thinning on the thickness
of the coating layer left on theinner wall
after the bubble penetrated through the
tube. The results showed that for fluid
with a small Power Law index n (i.e.,
the fluid is strongly shear thinning), de-
viation of thefractional coveragemfrom
theresult obtained using Newtonian fluid
was larger than the fluid with larger n.
Alsofor strongly shear thinning fluid, a
difference in the tube diameter would
make the plots of mvs. Ca obtained in
different tubes scattered from each other
and no master curve was formed. For
fluid with n larger than 0.34, the effect
of tube diameter was negligible. Future
work will involve finding anew defini-
tion of Cathat best represents the flow
field. A frozen layer model will predict
the change of m as afunction of Ca

Interfacial Tension between
Supercritical CO, and Molten
Polystyrene

By Hongbo Li (Tomasko and Lee)

Theinterfacial tension between the SCF
CO, (Supercritical CO,) and polymer
meltsis very important for understand-
ing the SCF CO, assisted processes, such
asblending, coating, and forming. How-
ever, due to the high pressure and tem-
perature, no dataisavailable. Inour cur-
rent work, a high pressure, high tem-

perature view cell has been set up and
the ADSA (axisymmetric drop shape
analysis) was used to determine the in-
terfacial tension between the SCF CO,
and PS (polystyrene). The interfacial
tension was investigated at two tem-
peratures (T=228°C and T=198°C) inthe
pressure range 1~103 atm. A linear de-
pendence of interfacial tension on the
pressure was observed. For T=228°C
theinterfacial tension between SCF CO,
and PS decreases from 27.54 dyn/cm to
17.07 dyn/cm as pressureincreasesfrom
1 atm to 103 atm. For T=198°C, the
same trend of interface tension reduc-
tion was observed.

Dynamics of Structure
Evolution of Binary Polymer
Systems under Simple Shear
Flow

By Yong Yang (Lee, Koelling)

Binary polymer blendswith well-defined
initial structure were prepared by Com-
puter Numerically Controlled (CNC)
machining, photolithography and micro-
embossing. The size and distribution of
the dispersed phase and the composition
of the blends were designed using these
methods. Compatibilizer can also be eas-
ily placed at theinterface of thetwo com-
ponents during sample preparation. Us-
ing the micro-fabricated samples, the
dynamics of phase inversion and the
morphol ogy evolution of binary polymer
blendswere studied in simple shear flow
under isothermal conditions. With well-
defined samples, blend rheology be-
comes very sensitive to structure
changes. The presence of compatibilizer
strongly affects rheological response
during blending, which can be explained
by interfacial tension and phase inver-
sion. The effects of interfacial tension,
viscosity ratio, blend composition, and
shear rate on rheology and morphology
evolutionin polymer blending are being
investigated.

Bonding and Surface
Modification of Polymer
Microdevices

By Siyi Lai and Yeny Hudiono
(Lee)

Various approaches for polymer-based
microfabrication have been established
in our lab in recent years. However,
bonding (i.e., sealing the microfluidic
platformwith alid) and surface modifi-
cation (e.g., hydrophilicity, protein ad-
sorption) aretill challenging issuesinthe
fabrication of polymer microdevices.
Recently we have developed a new
method, resin-gasinjection, for bonding
and surface modification of polymer-
based microfluidic platforms. This new
approach can easily seal microfluidic
devices with micron and sub-micron
sized channel swithout blocking theflow
path. It can aso be used to modify the
channel shape, size and surface
characeristics. By applying the masking
technique, loca modification of the chan-
nel surface can be achieved through
cascade resin-gas injection. Therefore,
microfluidic functions such as capillary
valving can berealized. Experimentsare
underway to demonstrate how surface
modification affectsfluid flow, mixing,
sampling, and protein adsorption in
microfluidic chips.

Preparation and Properties
of Polymer Nanocomposites
By Changchun Zeng (Lee,
Lannutti and Walter)

Poly(methyl methacryalte)(PMMA) and
polystyrene (PS) nanocomposites were
prepared via melt intercalation as well
as in-situ polymerization. The
nanoparticles used were clay and
nanoporoussilica. Using areactive sur-
factant to modify the clay surface,

- continued on page 8-
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Thrust Area Update:

Thermoset Polymers and Composite Manufacturing

Drs. L. James Lee and Jose Castro, Program Managers

Feature Project

Sheet Molding Compound (SMC) con-
sists of thermosetting, polyester resin,
particulatefiller, and fiber reinforcement.
SMC isincreasing in popularity in the
plasticsindustry duetoitshigh strength-
to-weight ratio, corrosion resistance, and
low cost. One of the fastest growing
applicationsof SMC compression mold-
ing is the manufacture of truck body
panels. Duetotheir large size, themold-
ing forces devel oped are substantial and
have a mgjor influence in the molding
cycle. As SMC moves towards parts
requiring higher strength, the glass com-
position of the SMC increases. Thisre-
quireslarger molding forces, andthuspre-
dicting them becomes more critical.

When molding a part with a press of a
given capacity, it ishelpful to be ableto
determine the range of feasible closing
speeds. The faster the press can close,
the shorter thefill time. If thefill timeis
decreased, a more reactive SMC com-
position can be used, thereby reducing
the curetime. Controlling the speed of
the press is also key in optimizing the
surface properties of afinished part, ac-
curately estimating manufacturing costs,
and producing partsin a consistent, re-
peatable manner. Knowing the speed
of the press, the molder can calculate
the fill time and thus more accurately
estimate manufacturing costs. For
smooth plant operation, it is crucia to
have repeatability and consistency in
molding conditions and surface proper-
ties.

In this research, amodel relating mold-
ing force, compression speed, and part
thicknessto material properties, part size,

Predicting Molding Forces During Sheet Molding
Compound (SMC) Compression Molding

By Lisa M. Abrams (Castro)

and processing conditions was devel-
oped, in order to predict and optimizethe
filling timeand overal cycletime. The
model wasthen experimentally verified
using commercially-made parts.

To develop useful models of SMC flow,
one needsto start with experimental facts
because SMCisacomplicated material.
Relying on a detailed microscopic de-
scription of theflow and using only con-
tinuum mechanicsargumentswould lead
to unsuccessful efforts. The flow be-
havior of SM C during compression mold-
ing results from its fiber mat structure,
coupled with actual process conditions.
Conventional SMC contains 25 percent
by weight, one-inch (25.4 mm) long glass
rovingsthat arerandomly orientedinthe
planeof the sheet. The chopped rovings
strongly reinforcethe paste matrix of the
SMC, resulting in the macroscopic ob-
servation that SMC flows like a plug.
This means that the velocity in the di-
rection of the flow isindependent of the
direction of the thickness of the SMC.

When the SMC at room temperature is
placed on ahot mold (300 degree F/149
degree C), the surface of the SMC soft-
ens. This softened, resin-rich surface
actsasalubricating layer. Thus, for the
purposes of modeling, theflow field can
be divided into two regions: the core,
which occupies most of theflow domain;
and athinlubricating layer. Thisisshown
schematically in Figure 1. Consequently,
SMC thinsout mostly by extension. The
resistance to extension adds to the sur-
face friction in opposing the flow. As-
suming the SMC pastein thelubricating
layer can be represented by apower law

-
......-"':core region
lubricating . lubricating
layer &4~ layer
......... >
plug ¥
flow

Figurel. Modeling the Flow Field.

model and thethickness averaged stress
in the core can be represented as alin-
ear function of the planar rate of defor-
mation tensor, theexpressionrelating the
instantaneous force (F,) to the closing
speed (U) and instantaneous gap (h) is:

4uv - 2my ny "2
h2 6 n\Nn+lh2n+3(n + 2)

whereF_notesthat the chargeislocated
on the far left of the mold, n represents
the material resistanceto extension, Vis
the volume which remains constant in
compression molding, misthe power law
consistency index, n is the power law
index, & isthe thickness of the lubricat-
ing layer, and W is the mold width. |f
theflow isstill one-dimensional but can
proceed in two directions (that is, the
chargeislocated in the mold center in-
stead of one side), then F and V are re-
placed by F/2 and V/2 respectively inthe
above equation, giving areduced mold-
ing force (F):

4nUV 2muU "V "2
C: + n+ n+ n+
h?  §"W™h?™32™(n+2)

- continued on next page -
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Thermoset Polymers and Composite Manufacturing

A method was developed to measure the
material parametersusing flat plate mold-
ings. Figure 2 (right) shows a compari-
son of predicted versus experimentally-
measured forces for atypical automotive
SMC, in which the charge is located in
the center and left of the mold. Commer-
cial SMC moldings are very closeto one-
dimensiona flow. Thisis especially true
for the later part of thefilling stage where
the required force is the largest. Thus,
these equations can be used for typical
commercial exterior body panels.

Shrinkage Control and
Styrene Residue of
Unsaturated Polyester (UP)
and Vinylester(VE) Resin
Systems Cured at Low
Temperatures By Xia Cao (Lee)

In low temperature molding processes,
shrinkage control and residual styreneare
important concerns. The presence of low
profile additives (LPA) can reduce the
shrinkage of unsaturated polyester (UP)/
styrene (St) resins cured at low tempera-
tures under proper processing conditions,
but may affect the residua styrene con-
tent. A systematic study was carried out
to investigate the effect of reaction tem-
perature, initiator systems, and modifica-
tion of the resin system on structure evo-
[ution, final resin conversion, and shrink-
age control of UPresinswith LPA. When
curedisothermally at low temperature, the
addition of the comonomer MMA, aong
with a dual initiator, can increase resin
conversion. Adding MMA has apositive
effect on thefinal conversion, but anega-
tive effect on shrinkage control of UP/St/
LPA systems because the resin system/
L PA ismore compatiblewith the addition
of MMA (i.e., lessphase separation). The
detailed mechanism is still unclear and
needs further study. Different LPA con-
tentsinthe UP/St/LPA systemwith MMA
will be chosen to study the phase separa-
tion and volume shrinkage compensation.
This effort will be expanded to cover
vinylester resins.
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Figure 2. Predictions vs. experimentally-measured forces for typical auto SMC.

Compression Molding of
Epoxy Pre-Pregs

By Gang Zhou and Shengnian
Wang (Lee)

An Instron 8500 press simul ator was used
to carry out the compression molding of
epoxy pre-pregsinaclosed cavity of vary-
ing thickness. The pressure and displace-
ment profiles as well as the temperature
distributions in the mold were measured.
Theprocess of fiber buckling during com-
pression was recorded by a digital
camcorder onto DV tapes. A series of
compression tests was completed. Pre-
liminary analysis of the test results indi-
cates that the optimum cure processing
conditions for the epoxy coupons are a
high mold temperature and a low pres-
sure application rate. Other test variables
do not appear to be as critical. A statisti-
cal analysis of al test variables will be
applied to explain the observed phenom-
ena and to optimize the molding process.
In future research, nano-clays will be
added into epoxy resins, and pre-pregswill
be prepared by this epoxy composite. The
effects of nano-clays on reaction kinetics
and rheological changes of epoxy resin
will be determined. The final product is
expected to possess better mechanical and
thermal properties. Finally, the optimal
conditions of sample preparation and pro-
cessing are determined to achieve the best
properties of the hybrid composites.

Novel UV Curing Technology
for Gel Coats and Thermoset
Composites By Liqun Xu (Lee)

In recent years, UV curing has been in-
troduced to process gel coats and ther-
moset composites due to the increasing
demand for reducing the emission of Vola-
tile Organic Compounds (VOC) during
composite processing. The UV curing of
gel coats and compositesis more compli-
cated than conventional thin-film UV coat-
ing, because of light scattering and ab-
sorbing by pigments and other compo-
nents (e.g. glassfiber, resin, etc.) and the
use of aphatoinitiator. A dual curing sys-
tem consisting of athermal initiator and a
UV initiator is a very promising method
tofully curethe pigmented thick gel coats
or composites. The UV initiator can cure
the surface resin rapidly, while the ther-
mal initiator can be activated by UV reac-
tion exotherm to cure the inside portions
of the gel coats or composites.

A thorough understanding of the
photocure reaction mechanism is neces-
sary for choosing the appropriate initiat-
ing wavelength, type of photo and ther-
mal initiators, and composition of unsat-
urated polyester (UP) resins. A study of
the kinetics and rheology of dual curing
of gel coat and compositeresinsis being
conducted by means of differential
photocalorimetry (DPC) and rheometry.
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Thermoset Polymers and Composite Manufacturing

Theresulting kinetic and rheological data
and models, together with a heat transfer
model will be used in numerical analysis
of composite processing. We plan to
study the effects of processing param-
eters, likeinitiator concentration and for-
mulation, light intensity, temperature, and
UV exposure time on mechanical proper-
ties of the gel coats and composites.
Other important physical properties will
also be compared with thermally cured
and UV cured products, such as gel coat
surface quality, water resistance, and ad-
hesion of gel coat to the composite sur-
face of thermal/ultraviolet cured samples.

Pultrusion Experiments and
Solventless Prepregs for
Electronic Application

By Permadi and Liqun Xu
(Castro, Lee)

As part of the pultrusion project, a set of
pultrusion trials was carried out at Dow’s
Freeport Laboratory to determine the
highest line speed without “blister” for-
mation for a 90x9mm profile with
101.6cm (40inch) length die using aDow
vinylester resin. These experimental re-
sults can be used to determine the rela-
tionship between the limiting pultrusion
speed and die length or profile thickness.

Based on the concept of Resin In-
jection Pultrusion (RIP), acontinuous sol-
ventless approach for producing prepregs
is being developed in our laboratory. In-
stead of dipping the reinforcing material
into a resin and solvent bath in an open
pan, the glass fabric is impregnated by
injecting resin in aclosed die. This pro-
cess can eliminate the conventional pro-
cess drawbacks ( e.g., environmentally
unfriendly and high possibility of void for-
mation). The previous two efforts have
characterized the potential resin and
proven that the pulling and the flow in-
sidethediearefeasible. Currently, apilot
facility for solventlesselectronic prepregs
has been developed. The die and the in-
jection part have been built and tested. It
was confirmed that the pilot facility can
be used for future experiments. A simu-

lation with a simple exothermic model is
being developed to predict the flow and
heat transfer insidethe die. It will deter-
mine the proper temperature and pulling
speed of the process in order to avoid re-
sidual resin build-up insidethe die.

Sheet Molding Compound
By Sarah Boyland (Castro)

Several different fiber lengths and fiber
typeswere used in Sheet Molding Com-
pound (SMC) in order to determine the
effect that these would have on the sur-
facequality, forceto mold, and thephysi-
cal propertiesof the SMC. All moldings
were conducted so that the flow was one-
dimensional. Therefore, the physical prop-
erties were tested both perpendicular and
paralel to the direction of the flow in or-
der to determine the differences in
strength. In addition, continuing the re-
search of LisaAbrams, several stepswere
outlined to help characterizethe SMC. The
characterization can then enable an engi-
neer to predict the force needed to mold a
part. The mathematical model developed
by Abramswas programmed into aMatlab
code. If theforceavailableto mold agiven
part is known, then the user can deter-
mine the speed at which the press will
close and thefill time.

upon theimprovement of itsability to sat-
isfactorily meet two key performance
objectives: high quality of the fina sur-
face and short cycle time. The goa of
this research work is to develop optimi-
zation strategies to find solutions that are
optimal for asingle performance measure,
or the best compromises for multiple per-
formance measures in the IMC process.
To achieve this goal we are exploring the
use of Artificial Neural Networks as
metamodeling techniques and the use of
Data Envelopment Analysis for
multi obj ective optimization.

Numerical Simulation of 2D
In-Mold Coating Flow
By Xu Chen (Castro)

Computer codewas developed for in-mold
coating of thermoplastic materials for
simple geometries. The resultswere veri-
fied by experiments. Our current study is
on the numerical smulation of the IMC
flow for more complicated geometry. A
key issue is including the rate of change
of the control volume caused by the com-
pressibility of the thermoplastic substrate.
The compressibility of the thermoplastic
substrate is taken into account by intro-
ducing the P-V-T relationship of the sub-
strate into the code.

Optimization Studies in
Reactive In-Mold Coating
By Mauricio Cabrera-Rios
(Castro)

In-mold coating (IMC) products have
been applied for many yearsto reinforced
plastics, and recently to thermoplastic
parts to enhance the surface. IMC pro-
vides a smooth, sealed surface, useful as
aconductive or nonconductive primer for
subsequent painting operations. Painting
is, however, an expensive and non-envi-
ronmentally friendly operation. Therefore,
thereare important incentivestouse IMC
as a topcodt, i.e., as in-mold paint. Ac-
ceptance of IMC as a competitor to the
traditional painting processeswill depend

Experimental Studies on IMC
of Thermoplastic Substrates
By Konstantin Zuyev ( Castro)

A pilot facility was set up for in-mold
coating of thermoplastic substrates. The
facility includes a 50-ton Sumitomo in-
jection molding machine, a mold with at-
tached heating elements, a 6-stage tem-
perature controller, anin-mold coating unit,
an injection nozzle, and a pressure/tem-
perature sensor. The objectives of the
experiments are to investigate the influ-
ence of substrate thickness on coating
adhesion; collect pressure/temperature
data during injection molding of the in-
mold coating cycle; and to predict that
data and establish a process window. [l




Next IAB Meeting

The next CAPCE Technical Review
and Industry Advisory Board meet-
ing will be held at the Holiday Inn

on the Lanein Columbus, Ohio, on
Tuesday and Wednesday, April 23
and 24, 2002. For more informa-

tion contact (614) 292-9271 or
stevenson.2@osu.edu.

New CAPCE Reports
Available to industry members

A-01-07 “Rheology and Processing of
Automotive Polymeric Coatings,” by Su-
san Porter and Kurt Koelling.

A-02-01 “Experimental and Numerical
Analysisof Micro-injection Molding,” by
Liyong Yu, L. James Lee and Kurt
Kodling.

A-02-02 “Dynamics of Structure Evolu-
tion of Binary Polymer Systems under
Simple Shear Flow,” by Yong Yang, L.
James Leeand Kurt Koelling.

A-02-03 “Interfacia Tension between
Supercritical CO2 and Molten Polysty-
rene,” by Hongbo Li, David Tomasko,
and L. James Lee.

T-01-09 “Development of Process Con-
ditions and Cycle Time Estimation for a
New Solventless Process to Manufacture
Prepregs and Copper Clad Laminates for
Printed Circuit Boards,” by Permadi and
Jose Castro.

T-02-01 “Effect of Secondary Monomer
and Curing Agents on Shrinkage Control
and Residual Styrene of Unsaturated Poly-
ester Resins Cured at Low Temperatures,”
by XiaCaoand L. J. Lee.

T-02-02 “Effect of Resin Rheology on
Fiber Deformation in Prepreg Compres-
sion Molding,” by Gang Zhou and L.
James Lee.

T-02-03 “Morphology and Mechanical
Properties of PMMA/Organoclay
Nanocomposites’ by Changchun Zeng, L.
James Lee and John J. Lannuitti.
T-02-04 “Bonding and Surface Modifi-
cation of Polymer Microdevices,” by Siyi
Lai, Yeny Hudiono and L. James Lee.
T-02-05 “Processing Studies in Sheet
Molding Compound Compression Mold-
ing,” by LisaM. Abramsand Jose Castro.
T-02-06 “Effective Mass Diffusivity in
Composites,” by ShoujielLi, L. JamesLee
and Jose Castro.

T-02-07 “Processing Studies in Sheet
Molding Compounds (SMC) Compres-
sion Molding,” by Lisa Abrams and Jose
Castro.

Equipment Update

The Bohlin stressrheometer Model USO-
120 and the Instron MicroTester Model
5848 have been installed. Final negotia-
tions are underway with the supplier to
purchase a co-injection molding machine
with foam molding capahilities.

- continued from page 4 -

exfoliation can beachieved inboth PMMA
and PSmatrices by in-situ polymerization.
The fracture behavior of clay and
nanoporous silica-based PS
nanocomposites was studied in-situ. It
was observed that crack propagation dur-
ing fracturing is different for PS
nanocomposites with different clay dis-
persions. PS nanoporous silica showed
quite different fracture behavior from PS
clay nanocomposites. The thermal stabil-
ity and flame resistance of
nanocompositeswere also studied. Itwas
shown that adding asmall amount of clay
greatly reduced the peak heat release rate
during burning. However, the flame re-
sistance aswell asthe thermal stability of
nanocomposites seemed to depend on the
clay dispersion. We are currently study-
ing the relationship between surfactant
thermal stability, clay dispersion in the
shear flow field and the resulting thermal
stability and flame resistance of the
Nanocomposites. [ |
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