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A New Vision

am very excited to be
serving as Chairman of the 
Thermoforming Division for 
the 2012-2014 term. In my first 
letter as the Division Chairman, 
I would like to thank Ken Griep 
for his enthusiasm and for the 
time and effort he devoted to 
the division over the past two 
years. His dedication, together 
with the effort of the other 
board members, has resulted in 
numerous recognitions for the 
Thermoforming Division including 
the 2012 SPE Gold Pinnacle Award 
and Communications Excellence 
Award. 

The mission of the Thermoforming 
Division is to facilitate the 
advancement of thermoforming 
technologies through education, 
application, promotion and 
research. Today, we are in the 
best position to accomplish this 
mission than we have been for 
many years. By modernizing 
and streamlining the Division, 
we are becoming more efficient 
at engaging the thermoforming 

industry and its customers. The 
continued growth of the Plastics 
Innovation and Resource Center 
(PIRC) at Penn College is a 
testament to the skills, dedication 
and collaboration of numerous 
educators, industry professionals 
and students alike. As we have seen 
in these pages before, workforce 
development continues to be a very 
important topic for our industry. 
The PIRC and, more specifically, 
the Thermoforming Center of 
Excellence, is making great strides 
toward its goal of being a hub 
of thermoforming activity from 
hands-on training to forming trials 
for new materials to new product 
design and development. The 
Center will host the 3rd Annual 
Technical Workshop on June 25-27. 
I invite all members to learn more 
about this wonderful asset and the 
talented staff, including Director 
Hank White and Program Manager 
Christopher Gagliano.

During this year’s NPE Show in 
Orlando, the Division sponsored 
a Thermoforming Pavilion. 
As a group, we were able to 
showcase the art and science of 
thermoforming to the entire plastics 
industry. We also just launched 
our new Division website – www.
thermoformingdivision.com. 

The new and improved website 
contains the digital version 
of Thermoforming Quarterly 
magazine, online forums and 
technical information on material, 
machinery and process. Through 
the SPE Thermoforming Division 
LinkedIn Subgroup, the Division 
now provides an active and 
lively discussion forum for all 
those challenging thermoforming 
questions. We encourage our 
members to use these new tools, 
to participate in the forums and to 
offer commentary and feedback.

My vision for the next two years 
is to find better and more efficient 
ways of reaching out to everyone 
who is interested or involved in 
thermoforming. The Grand Rapids 
Thermoforming Conference 
from September 23rd through 
September 25th will be one of 
the most exciting and informative 
conferences to date. I hope to hear 
from many of you between now 
and then, so please share your 
ideas, comments and feedback. 
Together we will continue to 
advance our industry through 
inspiration, ideas and innovation. 

    Phil Barhouse
   Chairman
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Achieve a sustainable balance of performance and cost.

thermoforming

UPES® resin is NOVA Chemicals’ proprietary additive resin. 
When used with polyolefins, this product enables significant source 
reduction while increasing performance at no additional cost.

Sustainability
• Up to 20% material source reduction
• More efficient machine usage translates to energy savings
• Recyclable

Benefit
• Improved crush strength - by up to 140%
• 33% faster forming rates
• Better part definition
• Shorter start-ups and reduced scrap rates

Efficiency
• Downgauge
• Easy processability at loadings up to 20% by weight
• Runs on existing equipment
• Blends well with polyolefins

YOUR SOLUTION. YOUR UPES® RESIN.

www.upesresin.com  •  upes@novachem.com  •  1.724.770.6610
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Thermoforming in the news

Dart Buying Solo 
Cup for $1 Billion
By Lorene Yue, Plastics News Report
Posted March 21, 2012 MASON, MI (10:00 p.m. ET)

Peninsula Invests 
$20 Million in New 
Washington Plant
By Brandi Shaffer, Plastics News Staff
Posted March 21, 2012 EXETER, CA (1:45 p.m. ET)

Peninsula Packaging Co. LLC 
is expanding operations in 

Yakima, WA just months after 
purchasing the agricultural 
thermoforming division of 
Packaging Plus LLC.

That acquisition, which took 
place in December 2011, resulted 
in an initial 80,000-square-foot 
facility in Yakima as well as a 
manufacturing and warehouse 
facility in Hollister, CA.

Now, the Exeter, CA-based 
company will move into a 
larger 180,000-square-foot 
facility previously occupied by 
Ace Hardware in Yakima. The 
expansion has a price tag of $20 
million and will add 50 more to 
its current 50 employees in that 
facility through this year.

“We have some business in the 
Washington area that we have been 
manufacturing in California,” Ed 
Byrne, CEO of Peninsula said. 
“We put the new equipment in the 
new building and will start doing 
all our products for the Northwest 
in Yakima.”

That new equipment includes three 
large bed thermoformers and a 
PET extrusion line. The line will 
be up and running within four 
weeks with the rest of the facility 
ready to go in the next three 
months.

Solo Cup Co. of Lake Forest, 
IL, announced recently that 

it is being purchased by Dart 
Container Corp.

Solo and Mason, MI-based Dart 
said they have an agreement for 
Solo to be sold in a $1 billion 
transaction. The deal is subject to 
regulatory approval and expected 
to close in the third quarter. Dart 
is the country’s largest maker of 
foam cups.

Robert Korzenski, Solo’s CEO, 
said in a news release that 
he believes he is “putting the 
company in the right hands 
to succeed and grow going 
forward.”

The company has been struggling 
financially ever since it bought 
competitor Sweetheart in 2004 for 
$917.2 million. Solo was unable 
to efficiently integrate the two 
companies and combined with 
an economic downturn, began to 
experience consecutive quarters 
of losses.

In 2007, Solo sold a portion of the 
firm to New York-based Vestar 
Capital Partners IV LP. Vestar 
Capital had helped finance Solo’s 
Sweetheart deal. Founder Leo 
Hulseman still maintains majority 
control of the papergoods and 
container manufacturer.

Since then the company has 
closed several plants and trimmed 
more than 1,000 jobs.

Dart CEO Robert Dart said in 
the release that because his firm 
is privately held, it can take the 
time needed “to integrate Solo in 
a thoughtful, analytical manner to 
ensure lasting success.”

Dart’s foam beverage cup business 
took a potential blow when 
McDonald’s Corp. said it might 
have found a replacement for 
polystyrene foam.

About 2,000 of the company’s 
restaurants, mostly West Coast 
operations, will be testing a double-
walled fiber hot cup in an attempt 
to phase out the usually landfill-
bound foam cups. McDonald’s said 
the objective is to assess customer 
acceptance, operational impact and 
overall performance.

In addition to foam cups, Solo and 
Dart are also major thermoformers 
of foodservice products, including 
drink cups. Solo is the No. 2 
thermoformer in North America, 
with estimated related sales of 
$790 million, according to Plastics 
News’ most recent ranking. The 
company had total corporate sales 
of $1.582.9 million.

Dart was the No. 3 thermoformer 
in the ranking, with estimated 
relevant sales of $480 million. 
The company has total corporate 
sales of $1.455 million. Even the 
combination of Solo and Dart 
will be smaller than the No. 1 
thermoformer, Lake Forest-based 
Pactiv Foodservice, with estimated 
sales of $3.2 billion.  x
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In addition to Yakima, Exeter and 
Hollister, Peninsula has a facility 
in Wilson, NC, a distribution 
warehouse in Central Florida, 
and contract manufacturing and 
distribution centers in Tijuana and 
Guadalajara, Mexico.

Peninsula serves the fresh produce 
and bakery industries. The 
company made an estimated $85 
million in sales last year according 
to Plastics News’ ranking of North 
American thermoformers.  x
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Recent Insights on the Use of Beta 
Nucleation to Improve the Thermoforming 

Characteristics of Polypropylene
By Philip Jacoby, Mayzo Corporation, 3935 Lakefield Ct., Suwanee, GA 30024

RECENT INSIGHTS ON THE USE OF BETA NUCLEATION TO IMPROVE 

THE THERMFORMING CHARACTERISTICS OF POLYPROPYLENE 

 
Philip Jacoby   

Mayzo Corporation 

3935 Lakefield Ct. 

Suwanee, GA 30024 

 

Abstract 

 
Polypropylene is commonly used to produce 

thermoformed food packaging due to its low cost, low 

density, and good physical properties. It is well known 

that polypropylene can be more challenging to 

thermoform compared to amorphous materials due to its 

sharp melting point and low melt strength that results in a 

very narrow temperature window for processing. It has 

also been shown [1] that when high levels of beta 
crystallinity are produced in an extruded polypropylene 

sheet, the temperature window broadens dramatically and 

the final parts have improved thickness distribution and 

better rigidity. In this paper we will show how the 

properties of the thermoformed part depend on the 

processing conditions used, and how new, very high 

activity beta nucleating agents can lead to lighter weight, 

lower cost products with unique visual characteristics.  
 

Introduction 
 

Polypropylene can crystallize in more than one 

crystal form [2, 3]. The most common crystal form of 

polypropylene is the alpha, or monoclinic form, which 
melts at about 165 oC for Zeigler-Natta polymerized 

homopolymer. In an injection molded or extruded part 

over 95% of the crystals are typically of the alpha type. A 

less common form, known as the beta or hexagonal 

crystal form, generally comprises less than 5% of the 

crystals. The beta crystals have a melting point that is 

typically 12-14 
oC below that of the alpha form 

 
In addition to the melting point differences, the beta 

crystals produce other physical property changes, such as 

an improvement in impact strength [4,5], a lowering of 

the tensile yield strength, and a change in the drawing 

characteristics of extruded and injection molded 

polypropylene. The change in drawability of the 

polypropylene leads to more uniform thickness in the 

oriented polymer produced in the drawing process. Also, 

solid state stretching of beta crystalline sheet results in the 

production of microvoids in the drawn product. These 
microvoids increase the opacity of the drawn material 

causing it to take on a white appearance due to light 

scattering from the voids. The presence of voids also 

lowers the density of the final part. In extreme cases it is 

possible to produce a very high level of interconnected 

voids that result in a breathable, microporous film [6,7]. 

 

These changes in the melting and physical property 

characteristics of beta nucleated polypropylene lead to 

several benefits in the production of thermoformed 

products. The broad melting range due to the presence of 

both alpha and beta crystals in the extruded sheet 
dramatically broadens the thermoforming processing 

window. Also, the higher ductility and lower yield 

strength of the beta crystalline phase makes it much easier 

to thermoform polypropylene in the solid state. Both of 

these changes allow beta nucleated PP sheet to be 

thermoformed over a temperature range of more than 15  

degrees C (from about 146 – 163 
oC) vs. the very narrow 

range seen for alpha crystalline PP (about 160 – 163 C).  

It is also possible to dramatically increase the cycle rate 

thereby improving productivity due to the lower forming 

temperatures that are required. 
 

The more uniform drawing characteristics of beta 

crystalline PP produces thermoformed containers with a 

more uniform wall thickness distribution, and this in turn 

leads to higher rigidity and greater top load crush 

strength. This higher strength and rigidity then allows the 

converter to lower the weight of the container and still 

achieve the same physical properties as that of a container 

made from an alpha crystalline PP sheet. 

 

The microvoiding effect that one sees when the 
extruded sheet is thermoformed below the melting point 

of the beta crystal phase can produce a white container 

without the use of white pigment or with much lower 

levels of white pigment. This also results in further cost 

savings. 

 

In this paper we will show various examples of these 

benefits using beta nucleated PP. We will also discuss 

how the control of the various process conditions can 

affect the nature of the final thermoformed container and 

also how to optimize the property benefits. 

 
 

 

Abstract

Introduction
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(continued on next page)

Experimental 
 

Materials:  
The various samples discussed in this paper were 

produced on a variety of commercial and lab-scale 

extrusion and thermoforming equipment. In all cases the 

beta nucleant was added in the form of a masterbatch to a 

non-nucleated polypropylene resin at the hopper of the 

sheet extruder. The masterbatches used included our 1
st 

generation beta masterbatch identified as MPM 1101, and 
our 3rd generation beta masterbatch identified as MPM 

2000. The actual beta nucleants used in these 

masterbatches is proprietary.  The 3rd generation 

masterbatch contains a more active nucleant and it 

produces higher levels of beta crystallinity in the extruded 

sheet and it can be used at lower addition levels. The 

MPM 1101 was used at addition levels of 1-2% while the 

addition levels of the MPM 2000 ranged from 0.65% to 

2.0%. 

 

The extruded sheets were cooled using a 3-roll stack 

containing polished rolls that were heated using 
circulating water. The temperature of the middle roll, 

where the sheet solidified, was in the range of 80 – 95 
oC, 

since high crystallization temperatures are required in 

order to produce high levels of beta crystallinity in the 

sheet.  

 

The thermoforming was done either using a 

continuous process where the extruded sheet was fed 

directly into a heated oven and forming unit, or by a 

discontinuous process where finished sheet rolls were 

made first and then thermoformed in a second step.  
 

Characterization and Testing:  

A portion of the extruded sheet was run in the DSC 

to assess the level of beta crystallinity in the extruded 

sheet, and the degree of nucleation. The 1st heat scan 

showed the melting of both the beta and alpha crystals in 

the sheet, and the relative area under these endothermic 

peaks (heats of fusion) can be used as a rough guide of the 

degree of beta and alpha crystallinity. During the cool-
down scan the peak crystallization temperature, Tc, is a 

measure of the nucleation activity, with higher Tc values 

reflecting more rapid crystallization. The 2
nd heat scans 

show the melting of the two crystal phases produced 

during the cool-down scan, and the relative size of the 

beta melting peak is also an indication of the beta 

nucleation activity of the nucleant. All heating and 

cooling scans were done at a rate of 10 
oC per minute. 

 

The thickness uniformity of the final thermoformed 

container was assessed by measuring the thickness of the 

container sidewall at various locations. The degree of 
microvoiding was assessed visually by comparing the 

appearance of containers made with and without the beta 

masterbatch.   

 

 

Results and Discussion 
 

Comparison of Various Beta Masterbatches in 

Non-nucleated Polypropylene 
 In Figures 1 and 2 we compare the 2nd heat DSC 

scans of non nucleated polypropylene containing 2% of 
either the MPM 1101 or MPM 2000 beta masterbatches. 
These figures illustrate that the MPM 2000  is a more 

powerful beta nucleant masterbatch compared to the 

MPM 1101 as judged by the larger size of the beta 

melting peak and the higher Tc values.  

 Figure 1. Second heat DSC scan of PP with 2% MPM 

1101 (1
st generation nucleant). Tc = 118.9 oC 

 

 
Figure 2. Second heat DSC scan of PP with 2% MPM 
1112 (2nd generation nucleant). Tc = 122.6 oC 

 

In Figures 3 and 4 we see the 1st and 2nd heat DSC scans 

of extruded sheet (1.85 mm thick) that was used to 

produce 8 oz juice cups that are discussed later on in this 

report. The middle cooling roll temperature was 95 oC, 

and the polypropylene was a blend that contained 70% 

homopolymer PP and 30% impact copolymer PP. 

 

Experimental

Results and Discussion

Figure 1. Second heat DSC scan of PP with 2% MPM 
1101 (1st generation nucleant). Tc = 118.9°C

Figure 2. Second heat DSC scan of PP with 2% MPM 
1112 (2nd generation nucleant). Tc = 122.6°C
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Figure 3. 1st Heat DSC scan of extruded sheet 

 

 Figure 4. 2nd Heat DSC scan of extruded sheet 
 

We can see from the 1st heat DSC scan that although 

the extruded sheet contains a high level of beta 

crystallinity, there is also a substantial level of alpha 

crystals present as well. Much higher beta crystallinity is 

seen in the 2nd heat scan since the very slow cooling rate 

in the DSC is very conducive for the formation of beta 

crystals 

 

It should be noted that the DSC scan always 

underestimates the level of beta crystallinity present in the 

original sheet sample. This occurs since the melted beta 
crystals begin to re-crystallize into alpha crystals using 

the existing alpha crystals as seed nuclei, even while the 

sample continues to heat up in the DSC. This means that 

the alpha melting peak is larger than it would have been 

had no re-crystallization occurred. When wide angle x-ray 

measurements are used to quantify the beta and alpha 

crystal content of a sample, the % beta content is always 

higher than that obtained using the DSC heat of fusion 

measurement. 

 

Discussion of Sheet Transformation During the 

Thermoforming Process 
During the processing of normal (alpha crystalline) PP, 

the sheet in the oven is gradually heated to a temperature 

where it is soft enough to form into the final container 

with good definition and sharp detail, but it is not heated 

beyond its melting point since this would lead to 

uncontrollable sheet sag due to the low melt strength of 

PP. When the sheet contains beta crystals the melting 

process begins at a temperature that is generally below 

150 C, and by the time that the sheet temperature is 
around 155 oC all of the beta crystals have melted, and the 

sheet is soft enough to form. 

 

Since the alpha crystals have not yet melted, the sheet sag 

is minimized while the partially molten sheet is now soft 

enough to thermoform with excellent detail and part 

definition. In Figure  5 we see the appearance of two light 

weight drinking cups (about 2g) that were formed from 

non-nucleated PP and PP that contained 1% of the MPM 

1101. 

 

 
 

Figure 5. Beta nucleated and non-nucleated cups 
 

We see here that the beta nucleated cup has a hazy 

translucent appearance compared to that of the non-

nucleated cup. In Figure 6 we see a plot of the sidewall 

thickness distribution of the two cups. 
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Figure 6. Sidewall thickness distribution of cups 

 

Since the beta nucleated cup is hazy but not white 
we can infer that the forming of the sheet took place 

above the melting point of the beta crystal phase. We can 

Figure 3. 1st Heat DSC scan of extruded sheet.

Figure 4. 2nd Heat DSC scan of extruded sheet.

Figure 5. Beta nucleated and non-nucleated cups.

Figure 6. Sidewall thickness distribution of cups.
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(continued on next page)

also see that the beta nucleated cup has much more 

uniform thickness distribution compared to that of the 

control cup. The beta cup was also noticeably more rigid. 

This observation shows that the beta nucleated cup could 

have been significantly down-weighted to give 

comparable rigidity and the same minimum sidewall 
thickness as that of the control cup. 

 

In Figure 7 we see the appearance of a beta 

nucleated juice cup and a control cup where the 

thermoforming took place below the melting point of the 

beta crystal phase. Here the beta nucleated cup contained 

0.65% of the MPM 2000 in a resin blend of 70% 

homopolymer and 30% impact copolymer. 

 

 
 

Figure 7.  Appearance of control and beta nucleated cups 

 
The beta nucleated cup had a very uniform white 

appearance, even though no white pigment was used. The 

beta nucleated cup was also made from a thinner extruded 

sheet (1.85 mm) so that the cup only weighed 7.1g 

compared to a weight of 8.3g for the control cup (2.15 

mm). Both cups had similar sidewall rigidity and similar 

minimum sidewall thickness. These observations 

demonstrate the ability of beta nucleation to allow PP to 

be thermoformed at low temperatures, and to produce 

white colored  containers using less raw materials. 

 
In Figure 8 we see the resulting change in container 

appearance from translucent to white as the sheet 

temperature was lowered. These cups were made on a 

pilot line where the surface temperature of the sheet was 

measured as it exited the oven and entered the mold. For 

the translucent  cup in the middle the sheet temperature 

was about 157 
oC, while for the white cup on the right, the 

sheet temperature was 147 oC. 

 

 
 

Figure 8. Non-nucleated, beta nucleated (157 oC), and 

beta nucleated (147 oC) thermoformed cups 

 

 In a lab experiment using a single cavity mold, we 

systematically shortened the residence time of beta 
nucleated sheet in the oven by varying the cycle rate in 

order to see the effect on the appearance of the final part. 

The appearance of the cups illustrated in Figure 9. 

 

 
Figure 9. 16 oz cups thermoformed at different cycle rates 

 

  We see here that the cups become progressively 

whiter as the cycle time was decreased since this shorter 

cycle time resulted in  reduced residence time in the oven 

and a colder sheet during the forming step. 

 

  It should be noted that when the thermoforming is 

done in the temperature region between the melting points 
of the beta and alpha crystal phases, the crystal 

morphology of the sheet and its thermoforming 

characteristics become a strong function of the residence 

time in the oven.  Since the beta crystals have already 

melted, the percentage of alpha crystals in the sheet 

steadily increases with time due to the recrystallization of 

the molten PP as has been noted previously. Therefore, if 

the oven is long and the cycle rate is low, the sheet will 

have a long residence time in the oven, and this can lead 

to a loss of the benefits than can be attributed to the 

presence of beta crystals in the extruded sheet. The final 

thermoforming behavior of the sheet such as the improved 
thickness distribution may be no different from that of a 

typical alpha crystalline sheet, since the final forming 

takes place in a sheet that is mainly alpha crystalline.  

Figure 7. Appearance of control and beta nucleated cups.

Figure 8. Non-nucleated, beta nucleated (157°C), and 
beta nucleated (147°C) thermoformed cups.

Figure 9. 16 oz. cups thermoformed at different cycle 
rates.
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Conclusions 

 
We have demonstrated that beta nucleation can 

dramatically broaden the thermoforming processing 

window of polypropylene and also improve the thickness 

uniformity of PP containers leading to better rigidity and 

top-load crush strength. The thermoforming 
characteristics of the PP and the appearance of the final 

containers is sensitive, however, to the temperature 

regime in which the thermoforming takes place. When 

thermoforming occurs below the melting point of the beta 

crystal phase, white containers are produced that contain 

microvoids, with the whiteness due to the light scattering 

from the voids. When the thermoforming takes place 

above the melting point of the beta crystal phase but 

below that of the alpha crystal phase, translucent 

containers are produced. The thermoforming behavior in 

this intermediate temperature range is very dependent on 

the residence time of the extruded sheet in the pre-heat 
oven. Long residence times allow the molten PP derived 

from the melted beta crystals to recrystallize into alpha 

crystals, and this recrystallization diminishes the benefits 

resulting from the beta crystals in the extruded sheet. It is 

therefore recommended that beta nucleated PP be run 

using rapid cycle rates and low oven temperatures in 

order to prevent this recrystallization from occurring.  
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Why Join?

Why
Not?

It has never been more important to be 
a member of your professional society 
than now, in the current climate of 
change and volatility in the plastics 
industry. Now, more than ever, the 
information you access and the personal 
networks you create can and will 
directly impact your future and your 
career.

Active membership in SPE – keeps you 
current, keeps you informed, and keeps 
you connected.

The question 
really isn’t 

“why join?” 
but …
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Need help
with your 

technical school 
or college 
expenses?

If you or someone you know is  
working towards a career in 

the plastic industry, let the SPE 
Thermoforming Division help support 
those education goals.

 Within this past year alone, our 
organization has awarded multiple 
scholarships! Get involved and take 
advantage of available support from 
your plastic industry!

 Here is a partial list of schools 
and colleges whose students have 
benefited from the Thermoforming 
Division Scholarship Program:

• UMASS Lowell
• San Jose State
• Pittsburg State
• Penn State Erie
• University of Wisconsin
• Michigan State
• Ferris State
• Madison Technical College
• Clemson University
• Illinois State
• Penn College

 Start by completing the application 
forms at www.thermoformingdivision.
com or at www.4spe.com.  x 

REDUCE!  REUSE!  RECYCLE!
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The Brown Quad Series high-tonnage 
power and user-friendly operation 
provides process engineers greater 
control over the thermoforming 
process and their finished products 

more than ever before. 

Control over process
All machine control functions and 
diagnostics are easily managed at the HMI 
level. An Allen-Bradley open and integrated 
architecture control system with user-friendly 
HMI and Logix 5000 single program solution. 
This solution optimizes and synchronizes the 
functions of logic, motion, and oven control. 
The system is fully supported worldwide by 
both Brown and Allen Bradley. 

BROWN IS INNOVATION

Control Your Destiny

Control over product.
What gives the Quad greater control over your finished product? 
Combining high-tonnage stamping (coining) force with high-tonnage 
holding force, and without platen deflection. This powerful combination 
produces consistent material distribution, ensuring better part 
consistency at higher speeds. It all adds up to producing quality parts 
faster, with less scrap. 

Find out more at:
www.brown-machine.com 
or call 989.435.7741

Global Leader in Thermoforming Solutions
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®

Thermoforming Today

2012

Extend Your Reach into the Thermoforming Market
Become an Exhibitor at the 2012 Conference!

New Venue!
New Location! 

New Customers! 
New Attendees!

New Marketing Approach!

Exhibiting sponsors from past conferences have spoken and the Thermoforming Division has listened.

You asked for deeper customer base, increased exposure to key decision makers and OEMs into the thermoforming market to 
achieve diversification, profitability, and long-term value.

Well, here’s how we’re answering your needs in the 2012 Thermoforming Conference:

• Specifically target increased OEM attendance, in the conference and on the exhibit floor, to gain knowledge of the industry, 
equipment, tooling advances, lean principles and new materials.

• Enhanced marketing disciplines to entice those professionals who are active in the plastics industry, but haven’t previously 
participated.

• Increase the involvement of major Processors into our sessions to discuss their views and walk your exhibitor floor, 
comparing their abilities to new technologies. 

Don’t miss this exclusive opportunity!
September 23 – 25, 2012

Devos Center - Amway Grand Plaza Hotel
Grand Rapids, Michigan

Enjoy the advantages that a captive audience and focused trade show will offer by signing up today.
Booth assignments and commercial presentation opportunities are made on a first-come basis.

Contact: Gwen Mathis - gmathis224@aol.com
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Thermoforming
Quarterly® Thermoforming and Sustainability

Design Optimization for 
Improved Packaging 
Recyclability
By Shane Dunne, Project Manager, EPI

Sustainable packaging can be defined using many 
different criteria, from its source materials and 

manufacturing to its disposal and recyclability. As 
these criteria continue to evolve and new industry 
guidance emerges, many companies are challenged 
to develop packaging that integrates the latest 
environmental considerations to positively influence 
the end of life treatment of the materials they place on 
the market.

To enhance the potential for reuse and reprocessing 
of thermoformed plastic bottles and packages, design 
decisions should be guided by the following steps: 

• Create a Packaging Protocol
• Follow Packaging Design Standards
• Figure in Fees
• Label Appropriately 

Create a Packaging Design Protocol
Whether driven by internal corporate sustainability 
targets, growing consumer demand, or legislative 
requirements, the responsibility to design packaging 
for waste stream avoidance shows no signs of 
slowing down. To meet the demands designers 
increasingly face, organizations should develop a 
standard, yet flexible, protocol for ensuring critical 
environmental considerations are reflected.  

Key steps in the process should include:
• Identify packaging functional requirements
• Identify relevant regulations 
• Create a packaging design
• Gather data from the design (weights, materials, 

area/volume)
• Assess for compliance 
• Estimate packaging fee costs
• Review labeling
• Obtain approval for packaging design
• Implement

Throughout the process, organizations should keep 
in mind general guidelines for recycling plastic 
containers, the infrastructures and rates for which 

vary from country to country (and even municipality) 
depending on the components, color/pigment, coatings, 
labels, and other materials used. For example, while 
unpigmented, transparent #1 PET plastic is recyclable 
in most countries, LDPE and PP are only sorted for 
recycling  in a few. Components such as caps, labels, 
and sleeves present issues everywhere.

To maximize recyclability, the following guidance 
generally applies to plastic packaging:

• The best choice is clear or green PET or 
unpigmented or clear HDPE

• Caps, closures, hangers, etc., when removed, 
should completely detach from containers

• The same plastic resins should be used for all of 
the container’s components (closures, safety seals, 
coatings and layers)

• Use the same color throughout
• Avoid paper labels
• Label adhesives should be water soluble or 

dispersible from 140°F to 180°F
• Metallic hot stamps make plastic containers or 

tubes less recyclable
• Avoid use of inks that bleed

Also, be aware that RFID and similar security tags, 
which typically contain a paper or PVC substrate and 
various metals, are contaminants within the recycling 
stream. During the design stage, plan for the use of 
the packaging throughout its life cycle and consider 
alternatives to joining dissimilar materials with 
adhesives.

Follow Packaging Design Standards
In addition to the requirements published by 
individual countries, several global frameworks 
govern everything from reuse and source reduction 
of materials to empty space and minimum recycled 
content requirements across a wide range of 
jurisdictions.

EU Packaging Directive and CEN Standards
The European Union (EU) Packaging Directive’s 
Essential Requirements, which relate to packaging 
minimization, reduction of toxic or hazardous 
constituents and suitability for reuse, material recovery, 
energy recovery, and composting, are designed to shift 
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the responsibility of packaging waste management to 
the manufacturers. 

To implement the Essential Requirements, the EU 
Packaging Directive called for the establishment of 
standards due to the large range of packaging types 
and available recovery and disposal possibilities. 
The European Committee for Standardization 
(CEN) created a management system approach 
aimed at ensuring a continuous effort to improve the 
environmental profile of packaging placed on the 
market. 

The CEN standards address:
•	 Source	Reduction. This mandatory standard 

requires that the packaging system constitutes the 
minimum adequate packaging to serve necessary 
functions. It also addresses the composition of 
packaging, including heavy metals and dangerous 
substances and preparations.

•	 Recovery. Under this requirement, packaging must 
meet at least one of the following standards: 

 – Material Recovery: The design of the 
package must take into account recyclability 
in each EU country in which the product is 
marketed, and must not interfere with those 
countries’ recycling systems. The company 
must declare the percentage (by weight) of 
material available for recycling and identify the 
intended material recycling stream(s).

 – Energy Recovery: Packaging to be incinerated 
must meet a minimum inferior calorific value 
during energy recovery of 5 MJ/kg.

 – Organic Recovery: Materials known to be 
harmful to the environment during biological 
treatment may not deliberately be introduced 
into biodegradable packaging or packaging 
materials. Additional heavy metals limits, 

biodegradability, and disintegration 
requirements also apply.

•	 Reuse. This optional standard states that reusable 
packaging, including any components claimed 
as reusable, must be conceived and designed for 
reuse, be capable of being refilled or reloaded a 
minimum amount of times within its life cycle, 
be reused for the same purpose as originally 
conceived, and be part of a reuse system in each 
market where it is introduced.  

To be compliant, every company must incorporate 
the “Essential Requirements” into its packaging 
design protocol, document how each standard was 
applied, and be able to provide data and certifications 
regarding its packaging material. Packaging (primary, 
secondary or tertiary) that does not comply with the 
requirements can be banned from EU markets. 

Global Protocol on Packaging Sustainability 
(GPPS)
Last year, the Global Packaging Project, part of 
the Consumer Goods Forum, released the Global 
Protocol on Packaging Sustainability to give 
companies a common language for assessing the 
environmental impact of their packaging. The 
Protocol, based on existing, recognized international 
standards, includes indicators and metrics in three 
categories: Environmental, Economic and Social. 
The selection of a particular metric depends on 
the business, and relevance and significance to an 
organization’s packaging, as well as the availability 
of data. 

Environmental metrics are divided into Attribute 
Indicators and Life Cycle Indicators. 

Attributes

Packaging Weight and Optimization Assessment and Minimization of Substances 
Hazardous to the Environment

Packaging to Product Weight Ratio Production Sites Located in Areas with 
Conditions of Water Stress or Scarcity

Material Waste Packaging Reuse Rate

Recycled Content Packaging Recovery Rate

Renewable Content Cube Utilization

Chain of Custody

(continued on next page)
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Life Cycle Indicators – Inventory 

Cumulative Energy Demand Land Use

Fresh Water Consumption

Life Cycle Indicators – Impact Categories

Global Warming Potential Photochemical Ozone Creation Potential 
(POCP)

Ozone Depletion Acidification Potential

Toxicity, Cancer Aquatic Eutrophication

Toxicity, Non-Cancer Freshwater Ecotoxicity Potential

Particulate Respiratory Effects Non-renewable Resource Depletion

Ionizing Radiation (Human)

Although the attributes are relatively easy to 
measure, they provide information only and do not 
necessarily assess positive or negative environmental 
consequences. For example, a reduced or increased 
attribute value may or may not mitigate the package’s 
environmental impacts. To give feedback to the 
designer on the environmental consequences of 
decisions made in the development process over 
the entire packaging life cycle, a streamlined Life 
Cycle Analysis (LCA) tool is useful. Numerous tools 
are available and intended for use by packaging 
designers; they vary in level of detail, packaging 
materials included, LCI data used, methodology and 
assumptions, and output format.

ISO Standards
New international standards on packaging and the 
environment, currently accepted in draft form and 
set for a final review in the coming months, will 
address the optimization of packaging to minimize 
its environmental impact, the responsible use of 
heavy metals and other hazardous substances, the 
possible reuse of packages and the different modes of 
recycling (material, energy or organic).

The new ISO world standards will be voluntary and 
will be available for use by industry, retail and any 
other interested organization by the end of 2012.

Figure in Fees
In many countries worldwide, companies must pay 
packaging fees.  These charges are primarily based 
on the amount of packaging (by weight) and the type 
of packaging materials used. In general, the more 
packaging a product bears and the more difficult the 
packaging material is to recycle or manage in a given 
country, the higher the fees.  

Packaging fees vary greatly from country to country. 
In some countries, the material composition can impact 
fees by as much as fivefold. In general, fees for plastic 
and composite materials are much higher than those 
for paper, glass, and metals. In fact, plastics, laminates 
and composites can cost up to 500% more than other 
materials.

An example of a fee analysis of a plastic thermoformed 
clamshell reveals the following components and costs 
in seven major global markets:

Packaging 
Name 

Component Material Type
Weight  
(grams)

Clamshell

Clamshell Plastic - PVC 58.52

Insert Card Paperboard - Half Coated SBS 22.68

Total Weight 81.20
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International Fee Comparison (per 1,000 units)

Country Fee

Austria $49.59

Belgium $26.43

Canada (Ontario) $17.57

France $27.10

Italy $9.89

Japan $16.04

Spain $39.31

Average Fees $21.98

Fees are based on 12/01/2011 exchange rates: 1 USD = 0.74840 EUR, 1.02711 CAD, 77.82 JPY

Since packaging fees can directly affect the 
competitiveness of a company’s products, it is useful 
to perform a fee analysis that addresses the following 
questions:

• What are the fees for the packaging system in the 
intended countries of sale?

• What factors (e.g., use of plastics, volume, number 
of components, etc.) are driving the fees in each 
country?

• How do the fees compare for comparable 
packaging systems used for similar and/or 
competing products?

Label Appropriately
Environmental labels such as recycling symbols, 
materials codes, and other marks can be an integral 
component of packaging design. Use of some 
environmental labels is mandatory, while use of other 
labels is voluntary. The requirements vary by country. 

Material Coding
In many countries, material identification marks 
are mandatory for plastic containers and packaging 
and PET bottles. In the EU, the Packaging Directive 
called for the development of a material coding 
system. While the EU coding system is voluntary, 
several of the member states have laws requiring 
material coding of packaging using the EU system.

The use of Society of the Plastics Industry (SPI) 
resin identification codes is required in 39 states 
in the United States and in Taiwan (where it is 
required on “controlled” containers subject to 
recycling fees) and is used (although not required) 
in Mexico and other Latin American countries. In 
the 39 U.S. states, the SPI code is required on plastic 
bottles 16 ounces to 5 gallons and rigid plastic 
containers of 8 ounces to 5 gallons (Wisconsin 
requires use of the code on bottles of 8 ounces to 5 
gallons). 

SPI Codes

MATERIAL    MATERIAL #  ABBREVIATION 
Polyethylene Terephthalate   1   PETE
High Density Polyethylene               2   HDPE
Polyvinyl Chloride    3   PVC
Low Density Polyethylene   4   LDPE
Polypropylene     5   PP
Polystyrene     6   PS
Other*      7   OTHER

*Note that multilayer containers should be marked as a “7-OTHER”

(continued on next page)
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The symbol – recommended to be between one-half 
inch and one inch – is generally molded or embossed 
into the base of the container.  The SPI code is not a 
recycling or environmental symbol and may not be 
placed prominently on the container or label.

Environmental Marketing Claims
Many countries have fair trading acts that give 
government agencies authority to bring enforcement 
actions against companies who make deceptive 
environmental claims.  In the United States, under 
the Federal Trade Commission (FTC)’s Guides for 
the Use of Environmental Marketing Claims, it is 
deceptive to misrepresent, directly or by implication, 
that a product, package or service offers a general 
environmental benefit. Consequently, the following 
types of general claims are discouraged unless they 
are accompanied by qualifying text: 

• Sustainable

• Eco-friendly 

• Green

• Natural

• Environmentally Safe

Every express and implied environmental claim must 
be qualified or avoided altogether. All claims must 
be substantiated. For example, the guidance from 
the FTC on substantiation of recyclability claims is 
based on the availability of recycling collection and 
facilities for the package or product:

• If recycling programs for the packaging 
are available to a “substantial majority” of 
consumers or communities where it is sold, 
then no qualifying text is required. “Substantial 
majority” has informally been defined as 60% or 
more.

• If recycling programs for the packaging are 
available to a “significant percentage” – as yet 
to be defined by the FTC – of consumers or 
communities where it is sold, then qualifying text 
is needed, e.g. “Package may not be recyclable 
in your area” or “Recycling programs for this 
package may not exist in your area.”

• If recycling programs for the packaging are 
available to “less than a significant percentage” 

of consumers or communities where it is sold, 
then qualifying text is needed, e.g. “Product is 
recyclable only in the few communities that have 
recycling programs.”

Consequently, packaging materials such as thermoform 
clamshells, blisters and trays that are not traditionally 
accepted for recycling must include a basis for any 
recyclable claims (e.g. study or survey results of 
municipal recycling facilities) since these materials fall 
into the “less than a significant percentage” category 
listed above. Several industry associations regularly 
sponsor studies measuring the availability of recycling 
systems in the U.S.

A variety of stakeholders from MRFs/reclaimers 

and packaging manufacturers to brand owners and 

consumers continue to shape the dialogue around 

plastic packaging and its recyclability in current 

systems. Being mindful of the issues discussed in 

this article will help those involved in the package 

design process  to understand the landscape in which 

thermoformed plastics are being produced, utilized, 

and disposed of and determine the most appropriate 

strategies for their packaging – and organization.  x

RECYCLING
CODES
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Juliet Oehler Goff, President/CEO, Kal Plastics

ISO 9001:2000

From the Editor

If you are an educator, student or advisor in a college or university 
with a plastics program, we want to hear from you! The SPE 

Thermoforming Division has a long and rich tradition of working 
with academic partners. From scholarships and grants to workforce 
development programs, the division seeks to promote a stronger 
bond between industry and academia.

Thermoforming Quarterly is proud to publish news and stories 
related to the science and business of thermoforming:

•  New materials development

•  New applications

•  Innovative technologies

•  Industry partnerships

•  New or expanding laboratory facilities 

•  Endowments

We are also interested in hearing from our members and colleagues 
around the world. If your school or institution has an international 
partner, please invite them to submit relevant content. We publish 
press releases, student essays, photos and technical papers. If you 
would like to arrange an interview, please contact Brian Winton, 
Academic Programs, at:  

bwinton@lyleindustries.com or 989.435.7718, ext. 32

REDUCE! REUSE!
RECYCLE!

REDUCE! REUSE!
RECYCLE!
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UNIVERSITY NEWS

Comparison Between Thermoforming Tooling Materials 
HYTAC-C and MDF Board

By Andrew W. Sneeringer, Pennsylvania College of Technology, Williamsport, PA

Abstract
 An experiment was conducted to compare two 
different mold materials against each other to prove that 
a plug assist thermoforming material can be a suitable 
mold material. An MDF board mold and a HYTAC-C 
mold were set up and run equally to prove which 
would be more suitable for production use. Results 
show the condition of before and after molding as well 
as temperature testing and heat transfer throughout the 
forming of parts.
 

Introduction
 In today’s competitive environment, companies 
always strive to save money somewhere throughout 
processing whether it’s materials, tooling or workers.  
This project is designed to make a functioning mold 
out of a material that is only used as a plug assist 
thermoforming tool yet is very inexpensive. By using 
a HYTAC-C Syntactic resin, the production of a 
functioning thermoforming mold will be created and 
will be comparable to an MDF board mold yet will 
yield a working intercooler splitter. This project is 
not only to compare two different molding materials, 
but also to create a working prototype mold for future 
production of a vehicle performance part. This project 
was chosen because many benefits are envisioned upon 
completion. Not only will this save money in the long 
run for parts and materials cost, but the comparison of 
MDF board and HYTAC-C epoxy syntactic will be 
hugely beneficial information for industry use. The 
industry has never used this epoxy syntactic resin as 
a mold; it has only been used and designed for plug 
assist thermoforming. Therefore, this project will be 
presenting the benefits of an epoxy syntactic mold 
versus a wooden MDF board mold. 

 When doing something new in industry, there is 
always a risk factor.  The risk factors in using an epoxy 
syntactic as a mold include possible mold failure, 
internal and external shrinkage, damage upon molding 

or bad release, to name a few. This experiment is designed 
with enough material for two molds which allows for 
redesign or repair if necessary. 

Experimental

Thermoformer
 Figure 1 shows a MAAC industrial scale thermoformer. 
This is a twin sheet thermoformer with heavy gauge and 
thin gauge capabilities. The machine has mold capabilities 
of up to 890mm x 1220mm with independent and motion 
plug assist.

 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
 
  

Figure 1(1): 890 x 1220mm MAAC thermoformer used for all 
testing.

Tooling

 Figure 2 shows the MDF board mold that was CNC 
machined by Bassler WPW. This type of mold is 
what some companies use for smaller production and 
prototyping runs.

 Figure 3 shows the HYTAC-C Mold fresh out of 
casting. The mold still needed to be sanded for proper 
smoothness for forming, but came out perfectly. One thing 
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Figure 2: MDF Mold.

 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
 
  

that you need to know about the casting of HYTAC-C 
molds is that you need to allow for up to 5% shrinkage 
during casting.

 Figure 5 shows the vacuum box with the MDF 
mold mounted on the bottom platen of the MAAC 
thermoformer. This shows the MDF mold after it was 
completely sanded smooth and high heat paint was 
applied in attempt to make a better challenge for the 
HYTAC-C mold. 

 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
 
  

Figure 3: HYTAC-C Mold.

 Figure 4 shows the vacuum box that was fabricated for 
the molds. The mold mounting piece is interchangeable 
between the molds so that the only variable that is 
changed throughout the experiment is the mold itself.

 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
 
  

Figure 4: Vacuum box ready for mold mounting.

 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
 
  

Figure 5: Mounted MDF mold.

Materials

 Royalite® R12 is a heat-resistant, rigid ABS 
thermoplastic sheet. It has high tensile strength, high 
impact strength and stiffness, good ductility, excellent 
formability and good low temperature performance. 
Figure 6 shows the summary of properties.

 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 
 
 
  

Figure 6(2): Summary of properties of Royalite R12 Sheet.

Thermoforming Conditions

 Figures 7, 8 and 9 show the process conditions on 
the MAAC thermoformer. Figure 7 shows the encoder 
values for the bottom platen retract and advance 
stages. The encoder values are essentially platen 
communications depending on the vacuum box and 

(continued on next page)
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mold height. Figure 8 shows oven values and how 
they are entered into the machine. The oven values are 
percentages to which the individual heating elements 
will heat. The final heat setting was 650F after all of 
the heat elements were at full heat. Figure 9 shows 
the forming and heating timers that were used for the 
experiment. While there was a set timer for the heat, the 
infrared eye was set to the exact temperature I wanted 
for the sheet.

• Outsource mold making material for a HYTAC-C 
mold.

• Run process parameters and create molding 
experiment.

• Run production on MAAC thermoformer.

• Run all experiments and collect all data.

 All of the objectives stated above were achieved and 
will be described in this paper. The objective of producing 
a functioning and comparable mold for thermoforming 
was a task that used all of the knowledge that I had 
gained over the course of my education at PA College of 
Technology.

Process

 MDF board is a great starter mold for making small 
production runs (10-25 pieces) but the HYTAC-C 
material will be a great alternative that will hold up longer 
while being slightly less expensive to fabricate. The first 
step was to research and design the exact part for the 
car that would eventually become the final prototype. 
In the next step, the fabrication of a type 304 stainless 
steel prototype was tested and working in a vehicle for 
months.  This next step was a very important part of this 
whole process.  It began with research to find the right 
mold making material for the design. There were many 
options for materials including wood, aluminum, steel 
and epoxy resin. Wood is the least expensive option, 
however it has a tendency to break down after high 
heat and pressure runs. Metal is the best option for a 
thermoforming mold, however it can be very expensive 
for both labor and material. Cooling systems are also 
needed when running a metal mold so that consistent 

 
 

 
 
 
 

 
 
 

 

 
 
 
  
 

 
 
 
 

 
 
 

 
 
  
 
 

Figure 7: Encoders values.

 
 

 
 
 
 

 
 
 

 

 
 
 
  
 

 
 
 
 

 
 
 

 
 
  
 
 

Figure 8: Oven heater settings.

Individual Performance Objectives

 While planning and executing this experiment, 
several objectives regarding personal performance 
were to be achieved. These objectives were to:

• Design a part and a mold for experimental 
procedure.

• Outsource mold making CNCing for MDF mold.

Figure 9: Timer settings.  
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temperatures are held throughout production runs. In 
turn, the choice of an epoxy resin was made because the 
material can withstand high heats and continuous runs. 
It is also a relatively inexpensive material to purchase, 
and is normally used for plug assist thermoforming. The 
chosen material was supplied by CMT Materials, who 
donated the supplies for mold making. This material is 
one part syntactic epoxy called HYTAC-C.  

 After the tooling materials were chosen, the material 
selection process began. In this step, I made an educated 
guess about three different thermoplastic sheets to use 
for the splitter.  This educated guess came from the help 
and knowledge of Roger Kipp of McClarin Plastics. 
The three choices were ABS-PC, ABS and TPO, since 
most car manufacturers will use these materials under 
the hood. The material chosen ended up being an 
inexpensive and easily formable ABS plastic, 3.175mm 
in thickness.  Spartech Corporation supplied the material. 
Next came the mold making process.  This step is where 
the 304 stainless steel prototype mold was used to make 
a negative mold so that a fiberglass part could be laid 
out. This fiberglass part was used to aid in the process.
With this fiberglas part, I was able to have a perfect 
representation of the size of mold I needed for the part. 
From here, I was able to design a mold to take to a 
company who was able to create the comparison tooling 
MDF mold. This company was Bassler WPW and they 
were able to take my design and make a CNC machined 
replica out of the MDF material that I was eventually 
going to compare to the HYTAC-C tooling. This mold 
was quoted at $750 including the MDF board, the process 
to glue, the setup of the CNC map and the CNC machine 
time. This is what would be charged to industry just to 
have a wooden MDF mold made for a simple prototype. 
The process to make the HYTAC-C mold was a learning 
experience for me because of the specific geometry of 
my mold. Using the fiberglass female mold I had created 
with a little mold release, I was able to pour the thawed 
HYTAC-C gallon in and send it into an oven for the 
reaction to occur. The oven process parameters were as 
follows for the HYTAC-C:

Oven Temperature Minimum Cure Time
  90 Degrees C. (160°F) 18-24 Hours
110 Degrees C. (200°F)   8-10 Hours
140 Degrees C. (250°F)   4-  8 Hours(3)

 The option I chose was 90 degrees C (160°F) for 18-
24 hours. This option was the right decision for my 
mold because slower cure times were the best option. 

The mold then had to be de-molded and post-cured to 
135 degrees C (275F) for a minimum of 6 hours. This 
HYTAC-C material is unique to CMT Materials for 
plug assist thermoforming only and costs $60/gallon 
of the material. This proved to be a perfect savings 
opportunity for any company looking for a better 
option when prototyping or even building production-
run mold tooling. 

 In the next step for the process I took both the 
MDF and the HYTAC-C molds and sanded them for 
a smooth finish. Once these molds were completed, 
I was able to make a mold base for the MDF tooling 
and HYTAC–C tooling. This consisted of making a 
mold base completely air tight with a vacuum hole for 
the thermoformer. The instruction and help making 
this box came from school’s own Chris Gagliano of 
the Thermoforming Center of Excellence. With his 
designs and industry experience, he was able to aid me 
in the process of proper vacuum box making technique 
and function. Next was the installation of the mold 
and the start of part processing. This stage is where 
the process parameters needed to make good parts for 
the different molds and materials were investigated.  
In finding the correct start points in forming ABS 
plastic, the knowledge gained working for the Plastics 
Innovation & Resource Center very much helped in 
knowing where to start and what process parameters 
were to be used throughout the experiment. Typically, 
ABS sheet is thermoformed at a temperature between 
171 degrees C (340°F) and 188 degrees C (370°F). 
I chose 5 different infrared oven temperatures for 
processing after a few test runs on the MDF tooling. 
The temperatures I decided upon were 350, 355, 360, 
365 and 370 degrees F. 

 The last step in the process was to measure mold 
temperature and shrinkage see which material was 
better suited for the process. During this step, mold 
and final part measurements were collected to compare 
the different molding materials. Also, during this step, 
I performed in-car testing to make sure the part fit 
and functioned properly. This entailed proper fit and 
function while driving the car. The total for the whole 
project was estimated to be $7,500. This cost includes 
molding materials, tooling, labor, education, and 
industry consulting. 

(continued on next page)
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Difficulties

 While setting up processing conditions and running 
testing to make sure everything was going to work, the 
MDF mold apparently did not have enough of a draft 
on the tip right edge. Figure 10 shoes just how fragile 
this MDF material is. 

 During the demolding of the first HYTAC-C casted 
mold, it was found that the wrong mold release was 
used. Figure 11 shows that the HYTAC-C ended up 
bonding to the mold material. The problem was that 
the wrong mold release was used in this process, so 
a call to John Shpack made for a quick solution in 
finding the right mold release. John had also offered to 
cast a mold for me at CMT and also to coat the mold 
with the right mold release so that I could experience a 
proper HYTAC-C casting for myself. After I received 
the mold, I re-casted the HYTAC-C and had perfect 
results. 

 
 

 
 
 
 

 
 
 

 

 
 
 
  
 

 
 
 
 

 
 
 

 
 
  
 
 

Figure 11: Failed de-molded HYTAC-C casting.

 
 

 
 
 
 

 
 
 

 

 
 
 
  
 

 
 
 
 

 
 
 

 
 
  
 
 

Results and Discussion

 During processing, the following temperatures were 
recorded and compared in figure 12. This graph shows 
the comparison between molding temperatures and heat 
retention for both of the molds. As shown, the MDF and 
HYTAC-C molds were very comparable with retaining heat 
and keeping the heat in. However, average temperatures in 
the HYTAC-C mold were 8 degrees F. higher. While this is 
not a drastic problem, the real question was wheter it hold 
dimensions and/ or break down? 

Figure 10: Broken MDF mold.

 
 

 
 
 
 

 
 
 

 

 
 
 
  
 

 
 
 
 

 
 
 

 
 
  
 
 

Figure 12: Mold temperature comparison throughout processing.

 Figure 13 shows the notes/results that were taken 
during the experiment of the MDF mold. These notes 
essentially describe how the molding process went and 
what happened during every 5 runs.

Last test run (run 5): Changed lower platen raise from 28 
to 28.25 due to the amount of time it took for the plastic to 
form correctly. This may have been one of the reasons that 
350 degrees F. could not form good parts.

335 degrees F. (runs 6-10): Noticing small particles of the 
MDF starting to come off (on top edge and middle edge) as 
if the epoxy that holds it together is failing. However, no 
dimension changes are present currently.

330 degrees F. (runs 11-15): I can see why this MDF mold 
would not be good for high volume. Every part I take off 
has just a small amount of MDF fibers on the slopped side 
and the edges. I may be running 25 parts on it, but I don’t 
expect it to last more than 100-200 without crumbling or 
making the surface finish terrible.

Parts 16-25 ended up being the same as the last 5 parts. 
They had MDF particles on them throughout the whole 
process.
END: The mold surprisingly held through every part when 
mold release was sprayed in between every cycle. Every 
part has a small amount of wood fibers on it from the MDF, 
however, and will not be used for further testing. This 
is because the epoxy that holds the wood fibers together 

26 Thermoforming QUArTerLY



Figure 13: MDF mold production results.

 Figure 14 shows the notes/results that were taken 
during the experiment of the HYTAC-C mold. These 
notes essentially describe how the molding process went 
and what happened during every 5 runs.

cannot withstand the high temperatures for long periods 
of time. The MDF Mold exceeded my expectations for 
the 25 part run. We will compare results on a perfection 
level with the HYTAC-C. Mold dimensions still did not 
change throughout the processing; therefore, they were not 
recorded into this report.

350 degrees F. and 355 degrees F. (runs 1-10): Makes a 
good overall part, however does not pull 100% tight in the 
corners. Mold release was only needed to be applied once 
every 5 parts. The mold seems to be holding up very well 
and not leaving any signs of decay.

360 degrees F. (runs 11-15): These have slightly more 
definition in the parts as compared to the 350 and 355’s. 
Mold release on every 5 parts seems to be working just 
fine. Mold is still perfectly intact and still does not show 
any types of decay.

365 degrees F. (runs 16-20): I took measurements at this 
point because I just wanted to make sure everything was 
good while the material was in the oven. The mold still has 
yet to lose any dimensions and is still releasing perfectly 
with no signs of decay.

370 degrees F. (runs 21-25): 370 degrees F. is too hot for 
this material … I’m getting definition from the draw holes! 
I am now trying to ruin the mold by keeping going at this 
temperature. Still no signs of decay.

370 degrees F. (runs 21-25:) I have not run ANY mold 
release since part 16. The parts are still demolding perfectly 
without any signs of decay still.

End: Using HYTAC-C as a mold material is outstanding. 
There was no problem demolding even at 370 degrees F. 
with no mold release through 10 parts. Every part was 
formed flawlessly with no types of residue left from the 
mold. The mold did not lose any dimensions nor does it 
display any type of failing surface.

Figure 14: HYTAC-C mold production results.

 After conducting the experiment for each of the molds, 
the molds were both left to completely cool. Taking the 
ideal part processing temperature (360F) for both molds, I 
attempted to create 25 more parts on the HYTAC-C mold 
(continuously). I did not make any more production parts 
with the MDF mold because of its degraded condition. 

The HYTAC-C mold was run for 25 additional cycles 
to see if it would hold up. The mold was not given any 
sort of mold release due to the confidence level I had 
felt while running it earlier. From parts 1-25, the mold 
help up 100% perfectly with no decay, no particles left 
on processed parts. Even after running 25 extra parts 
on it, I decided to keep running it until all of the plastic 
I had was gone. Essentially, this mold ran for 78 parts 
and did not have any signs of breaking apart.

Conclusions

 This paper provides a working experiment of how 
a material meant for plug assist thermoforming can 
be used to replace more expensive materials for small 
production runs. This paper also provides proof that 
MDF molds are not suitable for running a unique 
dimensioned mold with the mold simple of materials 
for thermoforming. 

• MDF board is not a suitable mold material for 
small production runs by any means and typically 
will leave molded parts with wooden fibers all over 
them

• HYTAC-C is inexpensive and can be used for 
molding production parts for medium and maybe 
even higher volume (still to be tested) runs.

• The casting process for HYTAC-C is much easier 
and less time-consuming than the MDF board 
when the right casting supplies are present. 
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COUNCIL SUMMARY

Roger Kipp
Councilor

I am pleased to provide the 
following report regarding 
activity at SPE. Due to 
another commitment, I was 
unable to attend the council 
meeting in Barcelona. I 
want to thank Paul Alongi 
personally and on behalf of 
the board for representing 
the Thermoforming Division 
as proxy. These notes are a 
summary from that meeting as 
well as the spring meeting at 
ANTEC.

The search for the new 
Executive Director has been 
completed with the selection 
of Willhem (Wim) DeVos. Mr 
DeVos is a resident of Belgium 
and the former CEO of Vitalo 
Group, a global supplier of 
packaging and thermoformed 
sheet components. He has 
recently served as chair-elect of 
the European Thermoforming 
Division and was the 
keynote speaker at the 2010 
Thermoforming Conference in 
Milwaukee. His 20+ years in 
the plastics industry, experience 
and activity within SPE, and 
global networking background, 
coupled with his extensive 

business experience will 
provide valuable leadership 
as SPE furthers our focus on 
growth and extended business 
activities into emerging global 
markets. 

As a member of the Finance 
Committee, I voted in favor 
of distributing the “SPE 
Investment Account” funds 
back to the management of 
the Divisions and Sections. 
This fund was originally 
established to provide groups 
with limited resources a place 
to invest their surplus funds 
and take advantage of being 
lumped together for investment 
management by a professional 
financial management firm. 
SPE provided a fixed rate in 
order to allow those groups 
the opportunity to plan. Over 
the years SPE absorbed some 
losses and realized some gains. 
When the Finance Committee 
reviewed the history over a 10- 
year period, we saw that those 
losses and gains were almost 
even. With that in mind and the 
in belief that SPE did not need 
to be in the finance business, 
the time was right for change. 

The financial condition of 
SPE remains sound. In 2011, 
revenues were up 10.5% and 
net income was up nearly 
25% over 2010. These results 
are based on an increase in 
membership of 3%, member 
retention of 81%, event income 
of 44%, and slight increases 
in Publications and the 
Foundation. The 2012 numbers 
through February 2012 are on 
budget and project a positive 
income in non-restricted funds.

The only revenue line item 
to underperform compared 
to 2010 was the SPE Store. 
The store includes the sale 
of books, webinars and other 
learning materials. This is an 
area where, as members, we 
should take advantage of all 
the Society has to offer. I have 
found the webinars to be great 
value and they offer tangible 
benefits to our engineering 
group. 

 The results of this strong 
financial performance are a 
strong balance sheet and an 
overall financial condition of 
good health. That said, I will 
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note that SPE continues to 
operate with a line of credit. 
The line was paid down to zero 
in September 2011 but at the 
end of the year the Finance 
Committee approved drawing 
on the line to cover expenses 
through the traditionally slow 
revenue-generating winter 
months. I mention this to offset 
any concerns that may be 
generated through rumor. 

A portion of the negative cash 
flow was created by the upfront 
costs related to ANTEC with 
income delayed through NPE 
processing. The early estimates 
suggest that ANTEC 2012 at 
NPE Orlando was extremely 
successful, so the line will be 
paid down as those revenues 
are received.

Speaking of ANTEC, the 
Thermoforming Division 
presented five papers this 
year. The topics covered 
materials and processing 
technology that will be of 
interest to both roll fed and 
sheet fed processing. I was 
pleased to serve as moderator 
and want to thank Brian 
Winton from Lyle Industries 
for coordinating the authors 
and presentations. At the 
ANTEC awards presentation, 
the Thermoforming Division 
received the Gold Pinnacle 
Award for outstanding 
division performance and the 

Communications Excellence 
Award for providing unique 
and varied communications 
to members, academia, and 
industry. Congratulations to the 
Thermoforming Division Board 
and their industry sponsors for 
providing the dedication and 
support necessary to complete 
the projects and  programs 
leading to these prestigious 
awards.

In November 2012, SPE held 
the first EUROTEC. The event 
staged in Barcelona had 333 
attendees and netted 91 new 
members with a $65,000.00 
positive contribution to net 
income.

The months following 
EUROTEC and the council 
meeting in Barcelona were 
difficult for SPE regarding 
staff resources. Until the 
hiring of Wim DeVos in mid-
January, the Society functioned 
without a director. As we are 
all aware, Susan Oderwald 
was a dedicated and hands-
on executive. In addition, 
Leslie Kyle announced her 
resignation for personal 
reasons immediately after 
Barcelona. During this 6-week 
period, Gail Bristol provided 
the seasoned leadership and 
the entire staff stepped up to 
cover all issues with a high 
priority focus. There may 
have been some slipping back 

on committee and group 
support; however, I see 
those issues being resolved 
after the upcoming council 
meetings and will keep you 
advised. In the meantime, 
Sarah Sullinger remains an 
excellent resource for help.

Please mark the dates and 
be sure to attend this year’s 
Thermoforming Conference 
in Grand Rapids, Michigan 
September 23 – 25, 2012. I 
look forward to seeing you 
there.  x
     
 Roger Kipp
 Division Councilor
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8th European Thermoforming Conference Parts Competition Winners
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DISPATCHES
By Ken Braney, SPE Past President

Since ANTEC 2012, which was held in 
conjunction with NPE in Orlando, FL, I seem 

to have been busier than when I was on the SPE 
Executive Committee. I have done a great deal of 
traveling as of late and I’d like to share my thoughts 
on some recent global SPE events.

The 2012 SPE European Thermoforming Conference 
was held in Mestre, a suburb of Venice. Anyone 
who has either seen photos or visited the magical 
city of Venice will know that the decision to hold 
a conference here would ensure a large amount 
of support from fellow SPE members, as well as 
newcomers from all over the world.

Over 170 attendees packed the conference on April 
27-28. Initial estimates suggest that that between 40-
50 people were new members. The SPE European 
Thermoforming Division uses a delegate fee system 
whereby those who sign up to attend the conference 
become members automatically for two years.

Reinhold Plot, Outgoing Chair, opened the 
Conference. Incoming Chair, Daniele Versolato, 
who was also the Conference Chair, made some 
introductory remarks. Jim Griffing, SPE President 
2012-2013, made a short speech about how SPE is 
changing and growing in this difficult marketplace. 
He emphasized how there are many opportunities 
for members to learn from the vast amounts of 
knowledge stored in our libraries of past technical 
conferences. He also stressed that gatherings such 
as the SPE European Thermoforming Conference 
provide excellent networking opportunities, where 
attendees can share knowledge with a variety of 
people during sessions and in hallway conversations. 
This is the type of knowledge that cannot be found 
on the internet. This sentiment was clearly borne out 
as there were visitors from many different countries 
beyond the borders of Europe, eager to learn about 
the many aspects of thermoforming. India, Saudi 
Arabia, USA and Australia were all represented in 
Mestre. 

The next speaker was Wim DeVos, SPE’s new CEO. 
Wim had a very nasty accident the weekend before 
the conference when he fell from his racing bike and 
broke his collarbone. We were not sure if he was going 
to make it to the Conference, but fortunately for us he 
was able to speak, though he did not to stay for the 
whole event. As a seasoned, global CEO at Vitalo, 
Wim has a great deal of experience in working with the 
wide cultural differences in plants around the world. 
His presentation focused on what to expect when 
you set up a subsidiary plant in an emerging market, 
including challenges with hiring and retaining the best 
employees. He gave an example of a typical situation 
in China. When New Year comes, all of the workers go 
home to their native village or town. There could be 3 
or 4 or even 5 days travel away from the plant. At the 
end of the holiday period, up to 40% of the workers 
never return so the management of the plant should 
always have new staff trained to take those newly-
vacated positions. 

We then had a presentation from the Director General 
of the British Plastics Federation who discussed the 
future markets for plastics.

In the afternoon of the first day there were workshops 
on thick gauge thermoforming and sponsor 
presentations on developments in thin gauge forming. 
Friday’s sessions included the parts competition. These 
were judged and various awards were made. The 
winning entries included a side door/window for a new 
car design, an armchair whose base had been made via 
twin sheet, while a third was a dentist’s mouthwash 
stand, again made out of twin sheet plastic.

The Gala Dinner was a spectacular event. The 
Conference hotel was about 40 minutes by water taxi 
from the Grand Canal in Venice. SPE ETD organized 
two very large water buses holding up to 100 people 
each. 

The Conference was a great success and everyone is 
looking forward to the next one in 2014 when it is 
expected to be in Prague.  x

    Ken Braney
    kbraney@4spe.org
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








    




• 
• 

• 
• 
• 
• 

• 

• 
• 
• 
• 


• 
• 





  


  
 







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Become a
Thermoforming

Quarterly Sponsor
in 2012!

Additional sponsorship 
opportunities will include 

4-color, full page, and 
1/2 page.

RESERVE YOUR PRIME 
SPONSORSHIP
SPACE TODAY.

Questions? Call or email
Laura Pichon

Ex-Tech Plastics
847-829-8124

Lpichon@extechplastics.com

BOOK SPACE
IN 2012!

2012
EDITORIAL
CALENDAR

Quarterly Deadlines for
Copy and Sponsorships

ALL FINAL COPY FOR 
EDITORIAL APPROVAL

15-FEB Spring 30-APR Summer

31-JUL Fall 15-NOV Winter
Conference Edition Post-Conference Edition

All artwork to be sent in .eps 
or .jpg format with minimum 

300dpi resolution.

REDUCE! REUSE! RECYCLE!

REDUCE! REUSE! RECYCLE!
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Executive
Committee

2012 - 2014
CHAIR

Phil Barhouse
Spartech Packaging Technologies
100 Creative Way, PO Box 128

Ripon, WI 54971
(920) 748-1119

Fax (920) 748-9466
phil.barhouse@spartech.com

CHAIR ELECT
Mark Strachan

Global Thermoforming 
Technologies

1550 SW 24th Avenue
Ft. Lauderdale, FL 33312

(754) 224-7513
mark@global-tti.com

TREASURER
James Alongi

MAAC Machinery
590 Tower Blvd.

Carol Stream, IL 60188
(630) 665-1700

Fax (630) 665-7799
jalongi@maacmachinery.com

SECRETARY
Bret Joslyn

Joslyn Manufacturing
9400 Valley View Road
Macedonia, OH 44056

(330) 467-8111
Fax (330) 467-6574

bret@joslyn-mfg.com

COUNCILOR WITH TERM
ENDING 2015

Roger Kipp
McClarin Plastics

P. O. Box 486, 15 Industrial Drive
Hanover, PA 17331

(717) 637-2241 x4003
Fax (717) 637-4811

rkipp@mcclarinplastics.com

PRIOR CHAIR
Ken Griep

Portage Casting & Mold
2901 Portage Road
Portage, WI 53901

(608) 742-7137
Fax (608) 742-2199

ken@pcmwi.com

2012 - 2014 THERMOFORMING DIVISION ORGANIZATIONAL CHART

Chair
Phil Barhouse

 Chair Elect
Mark Strachan

Finance
Bob Porsche

Technical Committees

Materials
Roger Jean

Machinery
Don Kruschke

Secretary
Bret Joslyn

Publications / 
Advertising

Laura Pichon

Newsletter / Technical 
Editor

Conor Carlin

OPCOM
Mark Strachan

Treasurer
James Alongi

AARC
Rich Freeman

Student Programs
Brian Winton

Councilor
Roger Kipp

Prior Chair
Ken Griep

2012 Conference
Grand Rapids, MI
Haydn Forward &

Lola Carere

Antec
Brian Winton

Membership
Haydn Forward

Communications
Clarissa Schroeder

Recognition
Juliet Goff

2013 Conference
Atlanta, GA
Bret Joslyn

Conference
Coordinator
Consultant

Gwen Mathis

Processing
Haydn Forward

 
                       

  PLASTICS MACHINERY GROUP 
     THERMOFORMING I BLOWMOLDING I EXTRUSION I ROTATIONAL I AUXILIARY  

       

        ~Machinery Sales ~ Appraisals ~ Liquidations ~ 
                           Mergers & Acquisitions 
Striving to have the highest quality service and machinery 
 

              31005 Bainbridge Rd. ~ Solon ~ Ohio ~ 44139 
               Phone: 440-498-4000 ~ Fax: 440-498-4001 

                         www.plasticsmg.com 
 

Nominating
Tim Hamilton
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Board of Directors

MACHINERY COMMITTEE

James Alongi
MAAC Machinery
590 Tower Blvd.
Carol Stream, IL 60188
T: 630.665.1700
F: 630.665.7799
jalongi@maacmachinery.com

Roger Fox
The Foxmor Group
1119 Wheaton Oaks Court
Wheaton, IL 60187
T: 630.653.2200
F: 630.653.1474
rfox@foxmor.com

Don Kruschke (Chair)
Plastics Machinery Group
31005 Bainbridge Rd. #6
Solon, OH 44739
T: 440.498.4000
F: 440.498.4001
donk@plasticsmg.com

Mike Sirotnak
Solar Products
228 Wanaque Avenue
Pompton Lakes, NJ 07442
T: 973.248.9370
F: 973.835.7856
msirotnak@solarproducts.com

Brian Ray
Ray Products
1700 Chablis Drive
Ontario, CA 91761
T: 909.390.9906
F: 909.390.9984
brianr@rayplastics.com

Brian Winton
Lyle Industries, Inc.
4144 W. Lyle Road
Beaverton, MI 48612
T: 989-435-7714 x 32
F: 989-435-7250
bwinton@lyleindustries.com

Bret Joslyn
Joslyn Manufacturing
9400 Valley View Road
Macedonia, OH 44056
T: 330.467.8111
F: 330.467.6574
bret@joslyn-mfg.com

Stephen Murrill
Profile Plastics
65 S. Waukegan
Lake Bluff, IL 60044
T: 847.604.5100 x29
F: 847.604.8030
smurrill@thermoform.com

Mark Strachan
Global Thermoforming  
 Technologies
1550 SW 24th Avenue
Ft. Lauderdale, FL 33312
T: 754.224.7513
globalmarks@hotmail.com

Jay Waddell
Plastics Concepts & Innovations
1127 Queensborough Road
Suite 102
Mt. Pleasant, SC 29464
T: 843.971.7833
F: 843.216.6151
jwaddell@plasticoncepts.com

Director Emeritus
Art Buckel
McConnell Company
3452 Bayonne Drive
San Diego, CA 92109
T: 858.273.9620
artbuckel@thermoformingmc.com

Laura Pichon
Ex-Tech Plastics
PO Box 576
11413 Burlington Road
Richmond, IL 60071
T: 847.829.8124
F: 815.678.4248
lpichon@extechplastics.com

Robert G. Porsche
General Plastics
2609 West Mill Road
Milwaukee, WI 53209
T: 414-351-1000
F: 414-351-1284
bob@genplas.com

Clarissa Schroeder
Auriga Polymers
1551 Dewberry Road
Spartanburg, SC 29307
T: 864.579.5047
F: 864.579.5288
clarissa.schroeder@us.indorama.net

Eric Short
Premier Material Concepts
11165 Horton Road
Holly, Michigan 48442
T: 248.705.2830
eshort@rowmark.com

PROCESSING COMMITTEE

Haydn Forward (Chair)
Specialty Manufacturing Co.
6790 Nancy Ridge Road
San Diego, CA 92121
T: 858.450.1591
F: 858.450.0400
hforward@smi-mfg.com

Ken Griep
Portage Casting & Mold
2901 Portage Road
Portage, WI 53901
T: 608.742.7137
F: 608.742.2199
ken@pcmwi.com

Steve Hasselbach
CMI Plastics
222 Pepsi Way
Ayden, NC 28416
T: 252.746.2171
F: 252.746.2172
steve@cmiplastics.com

Roger Kipp
McClarin Plastics
15 Industrial Drive
PO Box 486
Hanover, PA 17331
T: 717.637.2241
F: 717.637.2091
rkipp@mcclarinplastics.com

MATERIALS COMMITTEE

Jim Armor
Armor & Associates
16181 Santa Barbara Lane
Huntington Beach, CA 92649
T: 714.846.7000
F: 714.846.7001
jimarmor@aol.com

Jim Arnet
Kydex LLC
3604 Welbourne Lane
Flower Mount, TX 75022
T: 972.724.2628
arnetj@kydex.com

Phil Barhouse
Spartech Packaging 
 Technologies
100 Creative Way
PO Box 128 
Ripon, WI 54971
T: 920.748.1119
F: 920.748.9466
phil.barhouse@spartech.com

Lola Carere
C and K Plastics, Inc.
512 Fox Creek Crossing
Woodstock, GA 30188
T: 732.841.0376
lcarere@candkplastics.com

Juliet Goff
Kal Plastics, Inc.
2050 East 48th Street
Vernon, CA 90058-2022
T: 323.581.6194
Juliet@kal-plastics.com

Tim Hamilton
Spartech Corporation
11650 Lakeside Crossing Court
Maryland Heights, MO 63146
T: 314.569.7407
tim.hamilton@spartech.com

Donald Hylton
McConnell Company
646 Holyfield Highway
Fairburn, GA 30213
T: 678.772.5008
don@thermoformingmc.com

Roger P. Jean (Chair)
Rowmark/PMC
PO Box 1605
2040 Industrial Drive
Findlay, OH 45840
T: 567.208.9758
rjean@rowmark.com
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Sponsor Index These sponsors enable us to publish Thermoforming Quarterly

n Allen .................................21

n Brown Machine ...................12

n CMT Materials ......................5

n GN Plastics ........................29

n Kiefel ................................21

n KMT ..................................37

n Kydex ...................Back Cover

n MAAC Machinery .................37

n McClarin Plastics .................29

n Mitsubishi Electric ...............35

n Nova Chemicals ....................3

n PCI ...................................38

n Plastics Machinery Group .....38

n PMC ............ Inside Back Cover

n Portage Casting & Mold ........29

n Primex Plastics .....................5

n Productive Plastics ..............21

n Profile Plastics Corp.  ...........21

n PTi ..............Inside Front Cover

n Ray Products ......................21

n Solar Products ....................29

n Spartech ...........................11

n Tempco .............................40

n TPS ..................................11

n TSL ...................................20

n Weco Int’l. Inc.  ....................5

n Yushin  ..............................19

n Zed Industries ....................21

Thermoforming Division Membership Benefits
n Access to industry knowledge from one central location: www.thermoformingdivision.com.
n Subscription to Thermoforming Quarterly, voted “Publication of the Year” by SPE National.
n Exposure to new ideas and trends from across the globe
n New and innovative part design at the Parts Competition.
n Open dialogue with the entire industry at the annual conference.
n Discounts, discounts, discounts on books, seminars and conferences.
n For managers: workshops and presentations tailored specifically to the needs of your operators.
n For operators: workshops and presentations that will send you home with new tools to improve your performance, make your job easier and help the 

company’s bottom line.
Join D25 toDay!
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