
Recent Publications 
K. Raper, J. A. Roux, T. A. McCarty, 
and J. G. Vaughan, "Die Inlet Con-
tour Impact on the Pressure Rise in a 
Pultrusion Die," Journal of Compos-
ite Materials, 34 (3), 2000, pp. 199-
217. 
Brief Abstract:  A finite volume solu-
tion model based on Darcy’s law for 
flow in a porous medium was devel-
oped to predict the pressure and ve-
locity fields as a function of die inlet 
geometry for a pultrusion die.  Vari-
ous die inlet contours including a 
wedge and a circular taper were in-
vestigated.  Results from this investi-
gation can be utilized for designing 
pultrusion die inlets. 
 
 

Ellen Lackey, James G. Vaughan, 
Frank Washabaugh, Doug Usifer, and 
Paul  Ubrich, “Effects of Fillers on 
Pultrusion Processing and Pultruded 
Properties,” International Composites 
EXPO ‘99 Proceedings — Compos-
ites Institute, 1999, pp. 21E:1-10. 
Brief Abstract:  The effects of both 
clay and non-clay fillers on the proc-
essing and properties of pultruded 
composites were studied using epoxy 
and polyester resins with glass rein-
forcement.  Properties measured for 
this study include the mixed resin/
filler viscosity, color, glass transition 
temperature (Tg), dielectric strength, 
short-beam shear strength, 3-point 
flexural behavior at room temperature 
and elevated temperature, and room 
temperature flexural fatigue.  Results 
indicate a significant effect of fillers 
on fatigue properties. 
 
D. Bar-

        Researcher facilities at the 
Composite Materials Research 
Group (CMRG) have recently 
been expanded with the installa-
tion of a major upgrade to the 
pultrusion machine at the Univer-
sity of Mississippi.  The CMRG 
pultrusion facilities now include a 
modified PTI 804 hydraulic pul-
trusion machine utilizing a state-
of-the-art PLC controller.  Using 
an Ethernet connection to a SLC 
5/05 processor, continuous data 
acquisition of any desired ma-
chine function is performed via 
the Internet during pultrusion op-
erations.  Operational control of 
the machine is accomplished via 
a control pendant panel with a 
touchscreen. 
       Hydraulic power for 
the pullers’ linear motion 
is independent of the 
clamping circuit, and lin-
ear motion is accomplished 
with hydraulic proportional 
valves for smooth, respon-
sive speed controls.  A 
load cell interfaced to a 
stop plate at the exit of the 
die is used to monitor pull 
force.  The 10,000 lb pull 
capacity, 12,000 lb clamp 
force capacity, 8” x 4” pro-
file envelope, and 120 in/
min speed capacity of the 
CMRG pultruder provide 

the necessary capability for the 
researchers at the University to 
pultrude a wide range of profiles.  
Electronic components of the pul-
truder are also shielded to ensure 
safe operations when using 
graphite reinforcement. 
       Complementing the commer-
cial pultrusion manufacturing 
equipment at the University are 
pultrusion dies and auxiliary 
processing equipment such as fi-
ber creels and a mat slitter.  Using 
these facilities, CMRG research-
ers have conducted research using 
pultrusion resins including PEEK, 
phenolics, BMI, epoxies, vinyl 
esters, and polyesters.    
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 The Composite Materials Research Group at the 
University of Mississippi emphasizes an interdisci-
plinary research approach.  Presently, the research is di-
vided into four main areas — structural modeling, static 
and dynamic mechanical and physical property charac-
terization, thermal and kinetic modeling, and experi-
mental characterization/optimization.  In this issue of  
Mississippi Pultrusion, recent research concerning the 
effect of internal mold releases on the properties of pul-

truded composites is presented.  
 Pultrusion resin formulations commonly utilize vari-

ous additives to aid in processing of pultruded compos-
ites.  Internal mold release (IMR) agents are one type of 
additive that is typically included in the formulation of 
pultrusion resins.  IMR’s are typically added to a pultru-
sion resin system in the range of 0.5 to 2 parts per hun-
dred resin (phr).  Though IMR’s make up only a small 
percentage of a pultrusion resin system formulation, the 
IMR can be a key factor for the processability and result-
ing properties of pultruded composites.  Although pul-
truders generally recognize the need for the use of addi-
tives to aid in pultrusion processing, the full effects of 
these agents on the processing characteristics and the fi-
nal mechanical properties of the pultruded composites 
are often not fully considered or understood.  Contribut-
ing to this is the fact that little published data is currently 
available to aid in the selection and evaluation of an 
IMR.  The intent of this research is to discuss factors that 
can influence the selection of an appropriate IMR and to 
provide experimental data concerning the influence that 
various IMR’s have on processing and mechanical prop-
erties for pultruded composites. 

In addition to facilitating release at the die wall, 
commercial IMR formulations can also improve wetting 
of the reinforcement, improve dispersion of fillers and 

other additives, reduce viscosity, improve antistatic prop-
erties, and improve surface appearance.  As a reflection 
of these effects, IMR’s can lower the pulling force re-
quirements during processing of pultruded composites.  
Materials commonly utilized for IMR formulations today 
include phosphate esters, fatty amines, and fatty acids.  
Although the utilization of IMR’s can provide many 
beneficial functions, it is also important to realize the use 
of inappropriate types or amounts of IMR’s can be detri-
mental.  If an inappropriate type or concentration of IMR 
is used, the additive can retard cure kinetics of the resin, 
can result in changes at the fiber/matrix interface, and 
can lead to processing difficulties and increased pull 
force requirements.  If care is taken in the selection and 
evaluation of IMR’s, these limitations can be overcome 
for most pultrusion resin systems.         

An experimental investigation was conducted to de-
termine the effects that various of IMR additives have on 
the processability and mechanical properties of pultruded 
composites.  For the experiments, commercially avail-
able IMR’s were added to a general purpose isophthalic 
polyester resin formulation, and this resin formulation 
was used to produce a 2.5” x 0.125” flat panel with both 
continuous strand mat and unidirectional E-glass rein-
forcement.  The resin formulation used for this experi-
mental examination is shown in the table below, and a 
description of the six internal lubricants used as IMR’s in 
this study is provided in the table on the next page.  
IMR’s were added as the last step of the mix procedure.  
Die temperature settings of 282°F, 327°F, 318°F and a 
production speed of 48 inches per minute, which would 
be typical for commercial production for this resin sys-
tem, were used for these experiments.  In addition to the 
experiments conducted at 48 inches per minute, selected 
IMR’s were also examined in experiments conducted 
over a range of pulling speeds to examine the effects that 
various pull speeds and process variations had on the 
pulling force requirements for the resin formulations.  

While the pull force requirements for the pultrusion 
of composites are affected by numerous process vari-
ables, the inclusion of an effective IMR results in a sig-
nificant reduction in load requirements.  A comparison 
of pull force requirements was one of the criteria used to 
compare and evaluate the processability of the IMR’s ex-
amined in this study.  A comparison of the pull force re-
quirements for all mold release experiments conducted at 
a constant pull speed of 48 inches per minute is shown in 
the adjacent figure.  A comparison of the pull force for 
the No Mold Release experiment with the pull forces for 
all of the other mold release experiments clearly demon-
strates the impact that the use of an IMR can have on the 
pultrusion of a resin system.  Data in this figure also 
demonstrate that pull force variations were seen among 
the IMR’s examined in this study.  While variations in 
pull force requirements were seen in these experiments, 

CMRG Research Profiles 

Effects of Mold Release Additives on 
Pultrusion Processing and Properties 

Resin Formulation 

Component Parts per Hundred 
Resin 

AOC 706 – 101 Polyester Resin 100 
Styrene 1 

Perkadox 16 0.5 
Esperox 10 (TBPB) 0.25 

ASP 400P Kaolin Clay Filler 20 
Internal Mold Release Additive 1 



all of these IMR’s were usable with this polyester resin 
system.  This is not always the case for all IMR’s with all 
resin systems.  

In some cases, the selection of an IMR can determine 
whether or not a resin system is pultrudable; in other 
cases, the IMR choice determines whether optimal proc-
essing and mechanical properties are achieved.  The se-
lection of an IMR is an important aspect of pultrusion 
processing, but it is often not a straightforward process. 
Because numerous factors such as the base resin chemis-

try, catalyst package, and interaction with other resin ad-
ditives can influence the effectiveness of an IMR, it is 
necessary to obtain sufficient data to make an informed 
selection of an appropriate IMR for a given application. 

 Additional details concerning these studies are avail-
able in “Experimental Examination of the Effects of In-
ternal Mold Release Agents for Pultrusion Processing” 
presented at the Composite Fabricators Association Com-
posites 2000. 

General Description of Internal Mold Release Additives Used for Experiments 

Internal Mold Release Designation General Chemical Description 

Mold Release A 
Proprietary condensation product of resins, fatty glycerides and 
organic acid derivatives mixed in with modified fatty acids and 
phosphate esters (liquid) 

Mold Release B Proprietary liquid mixture containing organic acid phosphate es-
ters and fatty acids (liquid) 

Mold Release C Proprietary liquid mixture containing amine modified organic 
acid phosphate esters and fatty acids (liquid) 

Mold Release D Proprietary alcohol phosphate, unneutralized (liquid) 

Mold Release E Proprietary liquid condensation product of synthetic resins, or-
ganic acid derivatives and surfactants (liquid) 

Mold Release F Proprietary mixture of organic acid derivatives, organic phos-
phate esters, and modified fatty esters (liquid) 

  No Mold Release  



 

Recent Publications (cont.) 

panda, C.V. Nori, and P.R. Mantena, 
"Vibration Response of Golf Clubs 
with Steel and Composite Shafts," 
Proceedings of the American Society 
of Mechanical Engineers, NCA-Vol 
26, 253-266, 1999. 
Brief Abstract:  Using an instru-
mented impact hammer, a complete 
modal survey was initially conducted 
on the golf clubs to study their dy-
n a mi c  b e h a v i o r .   A  two-
accelerometer technique was then 
used to perform vibration response 
tests on the impact surface. Linear 
and angular vibration level maps 
were plotted for identifying “sweet 
spot” regions on the impact surface.  
These tests yield quasi-quantitative 
information regarding the level of vi-
brations felt by a player due to simul-
taneous linear and angular motion of 
the shaft and club-head. The mapping 
also serves as an effective tool for 
determining the relative merits of 
steel and graphite shafted club heads 
based on their vibration performance.  
The combined strategy of using both 
modal analysis and vibration re-
sponse measurements provides a bet-
ter understanding of the dynamic re-
sponse of golf clubs made with dif-
ferent materials.  
 
K. Raper, J. A. Roux, T. A. McCarty, 
and J. G. Vaughan, “Investigation of 
the Pressure Behavior in a Pultrusion 
Die for Graphite/Epoxy Compos-
ites,” Composites – Part A: Applied 
Science and Manufacturing, 30 (9), 
1999, pp. 1123-1132. 
Brief Abstract:  A numerical model 
which examines the effects that pul-
trusion process variables of pull 
speed, fiber volume, resin viscosity, 
preform plate size, die taper geome-
try, and fiber diameter have on the 
pressure rise experienced within the 
pultrusion die is solved.  This model 
is used to predict the pressure and ve-
locity fields as a function of these 
process parameters.   
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 Researchers at the Univer-
sity of Mississippi are currently 
involved in a research program 
sponsored by the National Sci-
ence Foundation (NSF) to ex-
amine the use of ultraviolet 
(UV) or photocure techniques 
for composites manufacturing 
(DMI-9806236).  UV curable 
coatings have been commonly 
used in industry for many years, 
but the utilization of photoini-
tiators for the ultraviolet curing 
of resins is much less wide-
spread in the composites indus-
try.  The addition of a photoini-
tiator to a resin system allows 
light to be used as the energy 
source for cure of polymeric 
composites.  The use of UV 
cure with composites manufac-
turing techniques offers the po-
tential to reduce costs and proc-
essing times and to improve 
performance, quality, and reli-
ability.   

 Thus far, the research pro-

gram has focused on the use of 
photocure resins with the fila-
ment winding process.  Using a 
McClean Anderson Little Hor-
net filament winder purchased 
through this grant, experiments 
have been conducted to charac-
terize and optimize the use of 
UV cure techniques with the 
filament winding process.  Re-
sults of this work concerning 
the use of AHK and BAPO pho-
toinitiators with both polyester 
and vinyl ester resins are dis-
cussed in a CFA Composites 
2000 presentation co-authored 
with researchers from Ciba Spe-
cialty Chemicals.  Future work 
for this project will focus on the 
further optimization of the use 
of photocure resins with the 
filament winding process and an 
examination of the use of these 
materials with the pultrusion 
process.      


