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IN STOCK

NOW

Always 
the right choice 
Injection molding 
machines by ENGEL
Our stock machines, located here in the US, will make your 
production life easier.  The wide selection of all-electric 
and hydraulic machines available can be used for any 
application – high volume and precise production delivered 
in the shortest possible time. More than 200 employees in 
the US are here to support you.  Give us a call to talk about 
what machine best fits your needs. www.engelglobal.com/injectionmolding/us

CONTACT ENGEL:
(717) 714-3150
contact.us@engelglobal.com



IN STOCK

NOW

“Are you interested in our selection 
of stock machines? I am more than 
happy to talk to you about what 
machine best fits your needs.”
Markus Lettau 
Business Advisor Molding Industry www.engelglobal.com/injectionmolding/us

CONTACT ENGEL:
(717) 714-3150
contact.us@engelglobal.com
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© Copyright 2020 Novatec, Inc.

The only resin handling and
central drying systems with a
5-year warranty.
Novatec offers a full range of simple to 
complex, fully integrated resin handling and
central drying systems. 

Our knowledgeable and experienced system 
engineers and project managers handle your 
system needs with powerful, unique and 
cost-effective solutions.

Get it right, right from the start with Novatec.

>> Deep bench of project managers with actual 
plastics industry knowledge and experience.

>> Industry-first, innovative, problem-solving 
equipment designs and system solutions. 

>> Your project is important to us – ownership 
pride in every installation – big or small.

>> Lowest total cost of ownership.

RUN
RUN

RUN

START AHEAD, STAY AHEAD, AND

Drying > Conveying > Blending > Downstream

www.novatec.com 
800-237-8379 | sales@novatec.com
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Time for Another Look at 
Fiber-Direct Compounding 
for Molding
Despite its bene� ts in cost, 
performance and lightweighting, 
� ber-direct compounding (FDC) has 
seen relatively limited adoption—
is that changing?

By Manuel Woehrle
Arburg

On-Site
Award-Winning Package 
Boosts Lindar’s 
Thermoforming Credentials
Custom thermoformer Lindar has 
experienced years of steady growth, 
with numerous technical advances to 
its credit, as it continues to expand 
its capabilities in packaging and 
industrial markets.

By Lilli Manolis Sherman
Senior Editor
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What ‘Cobots’ Can Do for
Blow Molders
Low-cost and easy-to-program 
collaborative robots are a new 
solution to bottle handling, 
trimming and packing automation.

By Joe Campbell
Universal Robots, USA

Be Proactive in
Your Purging Program
True, it can be tough to take a machine 
out of production, but a purging main-
tenance program should be thought 
of as a direct line to cost savings.

By Brian K. Cochran
Britec Solutions Inc.
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Senior Editor Heather Caliendo reports 
from the Plastics Recycling Conference 
(Feb. 17-19 in Nashville, Tenn.) where East-
man’s Holli Alexander discussed the risks 
and rewards the plastics industry faces as 
it � nds its spot in the circular economy. 
Carbon renewal technology, chemical 
recycling and more are addressed. 
short.ptonline.com/recy

Family Origins
Global Operations
The world’s most dependable,
sophisticated, and sustainable
blow molding solutions.

mullerheads.com | +1 (413) 787-0664

Experience
What
Experience
Can Do

BLOG: Granulation 
Gets Smarter
On its face, size reduction is a brute-force 
activity, focused more on muscle than 
� nesse, and presumably without the 
need for nuance or intelligence. Executive 
Editor Matt Naitove checks in with Hellweg 
Maschinenbau, which promoted a “smart” 
granulator at the K show last October in 
Germany, breaking down how the machine 
can “learn” as it breaks down plastic scrap. 
short.ptonline.com/gran

BLOG: Recycle Sourcing: Industry’s Challenge & Opportunity

 Stay Centered

Stay up with our video reports by subscribing to our
YouTube Channel: short.ptonline.com/yfZBD0uY

There’s More on the Web at PTonline.com

At Plastec West 2020 (Feb. 11-13 in Anaheim, 
Calif.), Novatec unveiled its Ultrasonic 
Centering Gauge, a system that report-
edly allows operators to easily center the 
tube in the tank during startup (see p. 14). 
See the system in action, paired with a 
Zumbach OD/ID wall system, ensuring that 
a microbore tube is centered in the tank. 
youtu.be/QBXNDWQpBk0
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Fast and efficient color, resin, and tooling changeovers

Eliminate black specks and streaking

Reduce scrap to lowest rate

Safe for hot runners

Made with virgin resin

Looking for help 
with your next 
color change?

See the experts



Quality Products, Fair Prices & Best Service since 1974

PPE

PLASTIC PROCESS EQUIPMENT, INC.PLASTIC PROCESS EQUIPMENT, INC.
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216-367-7000 • Toll Free: 800-321-0562 • Fax: 216-367-7022 • Order Fax: 800-223-8305

6385 Montessouri Street, Las Vegas, Nevada 89113
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FEATURES

• Easy to Use

• No Mixing or Weighing

• Supreme Purging

Performance

• No Soaking or Temperature

Requirements

• FDA Compliant Ingredients

21 CFR 174-178 & 186

• Environmentally Safe

• 100% Active - No Carrier

• Compatible with All Resins

• Reduces Purging Costs

• Store packs below 95°F

• Temp Range 275°F to 765°F.

PurgePacks
®

 are an individually packaged and pre-measured High

Performance Purging Solution designed specifically to Simplify the

Purging Process and Reduce the Costs associated with the purging

process; downtime, resin consumption and product economics.

PurgePacks
®

 contain a high performance purging compounds that are designed for use with all of the major resins used in

injection molding, blow molding & extrusion and is FDA Compliant. This eliminates the need to inventory multiple purging

products. PurgePacks
®

 require no soaking or temperature adjustments for optimum performance - simply place the sealed

packs directly into the hopper/feed throat and follow with the resin for the next job - it’s that simple. Pack bag melts at 235°F

(polypropylene).

PurgePacks
® 

Standard Liquid

(Black Label)

General purpose purging for injection

molding, blow molding and extrusion.

Contains a high performance liquid

solution designed to attack the carbon

build up and degraded polymer on the

screw, barrel and hot runner systems.

PurgePacks
® 

Plus Prills

(Blue Label)

Contains proprietary mechanical

Scrubbing Prills (Polymer-Glass-Additive

Alloy) that scour the screw, barrel and hot

runner systems. Compatible with all

thermoplastic resins. Provides a fast,

effective purge when changing resin, color,

preventative maintenance or prior to

pulling a screw.

PurgePacks
® 

Xpress Crystals

(Red Label)

Our most versatile purging product.

Consists of proprietary Crystals designed

to remove the toughest carbon build up,

degraded polymer and color. Delivers

supreme purging performance for injection

molding, blow molding and extrusion.

3 GRADES:

Just drop in the sealed bag,

it’s that easy!

Bag melts in your barrel, not in your hand!

Just drop in the sealed bag,

it’s that easy!

DON’T ACCEPT SUBSTITUTES!

Suggested dosage 1 each 1 oz. pack for each 1 inch screw diameter.

PurgePacks
®

 is a registered trademark of Plastic Process Equipment, Inc.

PurgePacks
®

 is a registered trademark

of Plastic Process Equipment, Inc.

3 GRADES FOR 3 LEVELS OF CLEANING: STANDARD, PLUS AND XPRESS

PURGE PACKS
®

SIMPLIFY THE PURGING PROCESS - NO MIXING!

HIGH PERFORMANCE PURGING SOLUTION

PURGE PACKS
®

SIMPLIFY THE PURGING PROCESS - NO MIXING!

HIGH PERFORMANCE PURGING SOLUTION

ONLY AVAILABLE

FROM PPE!

THE O
RIGINAL

ONLY SOLD BY PPE

GRADE PART NO.
PACK

SIZE

BOX

QTY.

PRICE

PER BOX

PRICE

EA. PACK

PurgePacks Standard

Liquid

PP10040A 1 oz. 40 pks.   $65.00 $1.62 SAMPLE PACKS - 5 per Pack

PP10024C 3 oz. 24 pks.   $99.00 $4.13 PART NO. QTY. PRICE

PurgePacks Plus

Prills

PP10140A 1 oz. 40 pks.   $74.00 $1.85 PP10106S

(Plus)

5

1 oz. pk.
$10.00

PP10124C 3 oz. 24 pks. $134.40 $5.60

PurgePacks Xpress

Crystals

PP10240A 1 oz. 40 pks.   $76.00 $1.90 PP10206S

(Xpress)

5

1 oz. pk.
$10.50

PP10224C 3 oz. 24 pks. $133.00 $5.65

Try a Sample Box!

ONLY AVAILABLE

FROM PPE!

THE O
RIGINAL

ONLY SOLD BY PPE



Sustainability. The Circular Economy. All Green. Cradle to Cradle. 

Yesterday’s buzzwords have become today’s reality for plastics 

processors. Pledges from brand owners 

and OEMs to produce products—or 

package them—in previously used mate-

rials will be forcing dramatic changes 

across the entire plastics processing 

supply chain. Simply, if you’ve been 

molding or extruding products from 

all-virgin materials—because that’s what 

your customer and the application 

demanded—you will most likely be asked 

to change things up in the near future.

Think of all the far-� ung obstacles 

that have to be overcome before this becomes a reality. If you 

are making, for example, a sophisticated packaging � lm for a 

high-end application, are you going to be able to change that to 

one containing 10-50% post-consumer reclaim at a � ip of the 

switch? Heck no. For starters, from where are you going to source 

this material? And if and when you get it—even if it’s in pristine 

condition—will you be able to drop it into an existing process 

and go about the rest of your day? I doubt it.

We seen some indications from your suppliers that they are 

bracing for change. Some resin companies have grades on the 

street containing quantities of post-consumer material, or are 

looking at chemical recycling as an option. And even machine 

builders are designing new features into blenders and conveying 

systems to accommodate higher usage of PCR.

We at Plastics Technology are trying to give you some guidance 

as you navigate this rocky road. Next month, packaged with your 

May issue, you’ll be receiving a supplement looking at recycling 

that will contain these elements:

 •  A summary of the pledges made by some major brand owners to 

include speci� c amounts of PCR in the packaging within a speci� c 

time frame, pledges that will change the way you manufacture 

products for them.

 •  A look at the steps major processors in injection molding, 

extrusion, blow molding and compounding are taking to meet 

these demands, focusing mostly on the new supply channels and 

processing techniques that are being utilized.

 •  An examination of the role chemical recycling will play in the 

way in which you will specify materials in the year ahead.

This supplement will be available in print and electronically (it 

will be on our website, of course, and will be delivered via email as an 

e-newsletter). And on May 6, we will be holding a no-charge, one-hour 

webinar focusing on recycling best practices that will hone in on what 

you need to do di� erently at your plant—from handling to drying 

to conveying to blending to processing—to meet these escalating 

demands for PCR use while still producing a high-quality product.

We hope you will � nd the content in these products useful, and 

that you will be able to learn from the experiences of experts in the 

� eld to ease your transition into this challenging territory. 

FOLLOW US
@plastechmag

@jimcallari

Time to Learn More About 
the Real World of Recycling
Next month, Plastics Technology will cover the challenges of recycling 
with a targeted print and electronic supplement—and a focused webinar—
highlighting best practices in processing with high levels of PCR.

Jim Callari
Editorial Director

How will plastics processors deal with brand owners’ 
demands for more recycle content? That’s the theme 
of a special supplement and webinar next month. 
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Arburg Acquires 3D Printer Maker German RepRap

Conair & Partners Run TPE Tubing, 
ABS 3D Filament at Medical Show
At the Plastec West/MD&M Show in February in Anaheim, Calif., Conair Group teamed with 
Davis-Standard and Zumbach Electronics to process 4.5-mm (0.18-in.) TPE medical tubing 
and 1.7-mm ABS 3D-printing � lament, switching back and forth throughout the show. 

The demonstration marked the � rst MD&M appearance of Conair’s space-saving 
HTMP multi-pass vacuum-sizing/cooling tank and the new ATC Series coiler. With 
HTMP, instead of making a single pass through a long tank, the extrudate follows 
a Z-shaped path so that the compact, 12-ft-long HTMP tank provides cooling time 
equivalent to a 30-ft tank—a feature especially valuable in cleanrooms, where � oor-
space is at a premium. The new ATC Series coiler (photo) provides tensionless winding 
of extruded tubing and � lament to prevent damage, and is equipped with an auto-

matic coil-isolation safety feature that 
prevents user access to moving coils.

At the show, a Davis-Standard 2-in. 
Super Blue extruder was supported 
by Conair upstream and downstream 
equipment, with downstream measure-
ment and monitoring provided by 
Zumbach Electronics. The extruder’s 
touchscreen integrates all these down-
stream inputs for complete line control. 
The demonstration line can deliver 
output rates up to 400 ft/min. 

On the medical tubing runs, TPE 
was fed to the extruder through a self-
contained Conair Access Series AL-2 

mini-loader. Downstream,  the Conair HTMP multi-pass tank was served by a MedLine 
Thermolator TCU and a Conair EP1A-02 (2-ton) portable air-cooled chiller to maintain 
precise temperature control, necessary for proper extrudate drawdown and sizing. 

A pair of Zumbach ultrasonic gauges—one each near the tank entrance and 
exit—continuously monitored changes in tube wall thickness on a control screen as 
the tubing cooled. Further downstream, a Zumbach 3-axis O.D. laser gauge provided 
closed-loop dimensional control and also displayed the tube pro� le for concentricity 
adjustments. Together, data from the ultrasonic and laser gauges were used to regulate 
puller speed and cooling-tank vacuum to maintain critical tube dimensions. 

The � nished extrudate (tube or � lament) then moved through a Conair MedLine 
Pinch Roll puller. The programmable, dual-servo precision puller fed the new 
MedLine ATC Series coiler. Its ultrasonic loop sensor automatically adjusted coil 
speed and traverse motion to wind product smoothly into a military wrap, without 
the friction or tension that can distort delicate products. 

Changing the line over to 3D � lament production was straightforward: the only 
hardware changes involved installing a � lament extrusion die and a “pre-skinner” 
(non-contact sizing chamber) at the entrance of the HTMP multi-pass vacuum-sizing 
tank. The Conair pre-skinner is a water-� lled chamber used to pre-cool and “skin” 
the surface of the � lament before it comes in contact with calibration sleeves in the 
cooling tank. Without pre-skinning, the hot � lament could stick and release on the 
calibration sleeves, resulting in “chatter” marks. (More details at ptonline.com.)

Kautex Maschinenbau in Germany 
reported recently on its continuing 
restructuring and reorganization, begun 
last year, which involves a “shifting of 
focus” from its historical concentra-
tion on automotive applications to a 
new emphasis on packaging—especially 
sustainable packaging. The company is 
reallocating personnel from its auto-
motive division and making “double-
digit millions of Euros” investment in 
its Packaging, Pharmaceuticals and 
Healthcare Packaging businesses this 
year. Kautex said this shift is necessitated 
by “the sudden drop in new orders in the 
automotive business” and “a noticeable, 
worldwide reluctance of automotive 
suppliers to invest.” Nonetheless, “Kautex 
expects that demand in the automo-
tive market will recover over time. The 
company will, therefore, “remain commit-
ted to developing composite applications 
in this business as well.”

Kautex also stated, “The dominant 
issues that affect the future direction of 
the company are waste prevention and 
processing of recycled materials.” This 
was apparent at last October’s K 2019 
show in Düsseldorf, where Kautex’s 
main exhibit was an all-electric KBB 
evo shuttle machine molding HDPE 
bottles with a center layer of foamed 
material containing 70% post-consumer 
recycle (photo).

Kautex Shifts Focus from 
Automotive to Packaging and 
Recycled Plastics

Arburg has signed an agreement to acquire industrial 3D printer 
manufacturer German RepRap (3hti.com). Founded in 2010, German 
RepRap will continue to operate as a separate company at its 
location in Feldkirchen, Germany. Founder and managing director 
Florian Bautz will continue to run the business

Arburg considers additive manufacturing to be an important 
complementary production method for plastics processing that 
holds signi� cant promise for the future. At K 2013, Arburg intro-

duced its Freeformer additive manufacturing system. 
German RepRap makes 3D systems based on FFF technology 

(fused � lament fabrication). Its new model x500pro processes 
engineering plastics such as polycarbonate. In 2016, the company 
added Liquid Additive Manufacturing technology (LAM) to its port-
folio, which allows processing of materials such as liquid silicone 
rubber (LSR). Arburg’s Freeformer works with droplet discharge from 
an infeed of standard molding pellets.
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When You Need It All
Design  •  Install  •  Support

From start to finish and beyond, your total auxiliary equipment 
system is supported 24/7/365. With an experienced and 
well-trained team, 70% of all service events are resolved by phone 
support. Your uptime is important to us, and that’s why on-site 
service support is provided within 24 hours, 95% of the time.

Is Your Uptime Guaranteed?
go.conairgroup.com/totalsystem



Wide Spectrum of Medical-Grade Resins & Compounds 
Debut at MD&M West 2020
Here’s a rundown of new medical materials at at February’s MD&M show in 
Anaheim, Calif. (more details at ptonline.com): 
 •   New custom colors with USP Class V or VI and ISO 10993 compliance for BASF’s 

Ultrason S, P and E (PSU, PPSU and PESU) sulfone polymers, used to make medi-
cal devices such as sterilization trays, research cages and diagnostic equipment, 
resulted from a collaboration between BASF and Techmer PM.

 •   Clariant unveiled Mevopur medical compounds and concentrates for laser welding.
 •   Also from Clariant, modi� ed Mevopur PEBA and TPU medical compounds resist 

hydrolytic degradation even with high loadings of radiopaque metals for applica-
tions such as catheters.

 •   Two new medical-grade families of Makrolon PC 
from Covestro are aimed at autoinjectors and 
injection pens and surgical and drug-delivery 
applications (photo).

 •   Covestro also featured three new Texin Rx TPU 
grades for medical devices, component hous-
ings, connectors, tubing, � lm and sheet.

  •  DuPont’s low-friction Delrin SC698 acetal with 
internal lubrication reportedly ensures smooth 
actuation of high-load drug-delivery devices 
like inhalers, injectors and pumps.

  •  Eastman expanded its Tritan MXF specialty copolyester line with � ame-
retardant grades for housings and hardware of electronic medical devices.

  •  Elkem’s LSR system with low-temperature cure boasts productivity improve-
ments without damaging heat-sensitive components such as thermoplastics, 
electronics and batteries in two-shot overmolding.

  •  RTP Co. launched a broad range of specialty engineering thermoplastic 
compounds for surgical robotic systems and housings, monitor components, and 
reusable instruments such as medical staplers, cannulas and grasper tips.

  •  SABIC’s LNP Elcres CRX PC copolymers resist stress-cracking in healthcare equip-
ment housings ranging from portable ultrasound and x-ray machines to hand-held 
diagnostics and infusion pumps exposed to aggressive healthcare disinfectants.

  •  Solvay Specialty Polymers’ Xencor long-� ber thermoplastic (LFT) compounds
reportedly deliver high strength and enhanced impact resistance for structural 
applications like vehicle chassis, gear systems and other components. 

  •  Trinseo’s new wear-resistant, high-lubricity Calibre PC, designed for drug-delivery 
components and surgical tools provides a solution for low-friction movement.

Tomra Reports Strong Polystyrene Sorting Test Results

Germany’s IKV 
to Build ‘Smart Factory’ 
R&D Center
Germany’s Institute for Plastics Process-
ing (IKV) has announced plans to build 
a new complex as part of a $21 million 
project to develop the “smart factory” 
concept, also known as Industry 4.0. 
The new 45,000-ft2 Plastics Innovation 
Center 4.0 will be erected adjacent to 
the IKV’s home at the RWTH University 
Aachen and should be completed by 
2022. The center will pursue both R&D 
and training of companies and employ-
ees in digitization of plastics process-
ing. The IKV says it aims “to become a 
world-leading Industry 4.0 center for 
the plastics industry.”

Pascal Bibow, team leader of 
process control and mold technology 
at the IKV, has been tapped to run the 
center. He told Plastics Technology that 
although injection molding will play 
an important role, “We want to enable 
cross-domain analytics and process 
interconnection; we will also focus on 
correlations from other directly related 
technologies. There are plenty of 
possible use cases for process intercon-
nection that cannot be represented and 
analyzed anywhere yet for scienti� c 
research on digitized value chains.”

Bibow said the IKV plans to relocate 
its injection molding department to 
the new building. The project will also 
focus on a range of ancillary processing 
steps, including material testing, drying 
and conveying, along with compounding 
and � nal quality assurance. He noted 
that research could also encompass 
production of injection molded bottle 
preforms and stretch-blow molding.

Equipment suppliers and plas-
tics processers will be included on 
the center’s advisory board, Bibow 
explained, noting that the names of 
participants will be released in the 
coming months. The German state of 
North-Rhine Westphalia and the Euro-
pean Union are funding the project.

Tomra Group of Norway recently completed 
tests on sortation of post-consumer PS 
waste with Tomra’s near-infrared (NIR) 
sensor technology. The multi-step process 
included initial sorting, grinding into 
smaller � akes, washing, drying and � ake 
sorting. The resulting purity of PS was 
reported to be be higher than 99.9%.

Jürgen Priesters, sr. v.p. for Circular 
Economy at Tomra, says one reason for the 
good results is that “styrenic compounds 
have a unique signal that enables easy and 
very precise sorting, an advantage which 
some of the other polymers do not have.”

Tomra recently joined the Styren-
ics Circular Solutions (SCS) value-chain 

initiative to increase the circularity of 
styrenic polymer. Another member of 
SCS that participated in the PS sorta-
tion tests at Tomra is Ineos Styrolution, 
which is investing in multiple projects in 
Europe and in the Americas to set up PS 
chemical recycling facilities based on the 
depolymerization process. 

“These � ndings on polystyrene sort-
ing make styrenics a material of choice 
for a circular economy and con� rm 
our statement that styrenics are made 
for recycling like no other,” says Sven 
Riechers, v.p. of business management 
for Standard Products EMEA at Ineos 
Styrolution.
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Nordson Opens Pelletizing Lab in N.C.

Which ElboW ProblEm
Do You NEED to SolvE?

ProblEm

cAuSE

SolutioN

Formation of streamers, 
angel hair and snake 
skins when conveying 
plastic pellets 

Plastic pellets skidding and/or 
bouncing against the outside 
radius of sweep elbows create 
friction and heat, melting 
pellet surfaces.

Smart Elbow® replacements from 
hammertek eliminate these problems 
by eliminating impact

Unlike conventional “impact” elbows and 
“plugged-tee” elbows that rely on material 
impact to change direction, HammerTek’s 
Smart Elbow® design features a spherical 
chamber that protrudes partially beyond 
the desired 90º or 45º pathway, which 
causes a ball of pellets suspended in air  
to rotate, gently deflecting incoming 
pellets around the bend. 

No impact means no wear and no fines and 
no streamers, angel hair or snake skins.

Wear and failure when 
conveying glass-filled, 
mineral-filled or other 
abrasive pellets

Abrasive pellets hit the 
outside radius of conventional 
impact elbows at high speed, 
continually wearing through 
the elbow wall.

F
F

-0975

Free, No-risk trial offer
See how Smart Elbow® deflection elbows  
eliminate conventional and plugged-tee impact 
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Nordson Corp. has cut the ribbon on an “extensively equipped” process laboratory 
to serve the Americas market for pelletizing systems and melt-delivery equipment. 
Installed at Nordson’s facility in Hickory, N.C., the new laboratory has a pelletizing line 
with throughput capacity up to 1000 lb/hr available for training and application devel-
opment. The line includes a twin-screw extruder, BKG pelletizer, Optigon self-cleaning 
process-water and pellet-drying system, and jet cleaner for removing polymer residue 
from die plates. Both underwater and water-ring pelletizers are available for testing. 
Melt-delivery components include three HiCon screen changers (back� ush, continuous, 
and discontinuous types), a BlueFlow gear pump, and a HyFlex diverter valve. For 
evaluating materials to be processed, the facility also provides rheological analysis.

Nordson operates BKG process laboratories in Germany, China and Thailand. 
The new BKG lab in Hickory is Nordson’s � rst in the Americas.

Henkel Launches 
Recyclable Black 
Detergent Bottles
Henkel AG of Germany announced 
last month that from now on, all 
HDPE bottles for its Perwoll line 
of laundry detergents in Western 
Europe will be fully recyclable and 
also contain 25% post-consumer 
recycle (PCR). The bottles are 
molded by Alpla of Austria.

Of particular interest, the “fully 
recyclable” label applies also to 
Perwoll’s “Renew & Repair” vari-
ant, which comes in a black bottle. 
Historically, black-pigmented 
bottles have presented a challenge 
to recycling because the carbon 

black pigment defeats sorting 
by near-infrared (NIR) detection 
technology. Working together with 
masterbatch supplier Ampacet, 
Henkel last year introduced its 
� rst recyclable black HDPE bottles 
using Ampacet’s carbon-black-free 
Rec-NIR-Black concentrate, which 
is said to be compatible with NIR 
scanning. These bottles were for 
Henkel’s Bref brand of toilet clean-
ers. Besides being fully recyclable, 
the new black Perwoll bottles also 
contain 25% PCR.
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Borealis is Now Producing Renewable PP
Borealis of� cials con� rm that the Austrian company has been 
producing PP based on renewable feedstock from Neste of 
Finland at two Borealis facilities in Belgium. Borealis considers 
this another milestone for furthering its ambition to make 
100% of its products recyclable, reusable, or produced from 
renewable sources by 2025. It can use up to 100% renewable 
feedstock from Neste in PP production.

Neste produces renew-
able propane using its 
proprietary Nexbtl tech-
nology, which converts 
vegetable oils and animal 
fats. Neste then sells 
the renewable propane 
to the Borealis propane 
dehydrogenation plant 
in Belgium. Here it is converted to renewable propylene, then 
subsequently to renewable PP at the two Belgian plants.

The � rst-ever production of biobased PP at commercial 
scale occurred in a trial run about a year ago at a LyondellBa-
sell  plant in Germany, using over 30% renewable hydrocar-
bons from Neste’s Nextbtl process.

Borealis is working with its partners to expand availability 
of renewable PP. One such partner is Henkel, known for its 
strong brands in laundry detergents, home care and beauty 
care. Henkel has made the use of sustainable materials a 
key pillar in its packaging strategy. Including renewable PP 
content in the packaging of a major Henkel brand over the 
course of the year marks another step in its efforts to cut its 
use of fossil-fuel-based virgin plastics in half by 2025.

New Concepts in PET Wine & Vitamin Bottles
New shapes and PCR content have recently been introduced to two 
very different PET bottle markets by Amcor Rigid Packaging. For 
wine bottles, Amcor showed off its most recent design concepts 
at the Uni� ed Wine and Grape Symposium at Cal Expo in February 
in Sacramento, Calif. One example, shown here, is a concept pair-
ing a stock cylindrical 375-ml bottle with an overcap, in this case 
adhered to the twist-off closure beneath it. Another example is the 
“� at” 750-ml wide bottle commercialized two years ago in Europe 
by UK company Garçon Wines, which is just now bringing it to the 
U.S. Its shape saves space, and it also contains post-consumer 
recycled PET, though Amcor won’t reveal the amount.

Amcor also unveiled what’s said to be the � rst PET multivita-
min container made of 100% PCR. Made for L.A.-based Ritual, it 
comes in two sizes, 100 and 150 cm3. Ritual is an environmentally 
conscious � rm started in 2015.
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and water-level control allow the transducers to be maintained 

underwater even while located only 1 to 2 in. from the die face. 

At Plastec West, Novatec displayed this unit in combination 

with a Zumbach Electronics O.D., I.D., Wall System, showing 

wall thickness/concentricity and the position of the tube within 

the housing. Crosshairs similar to a gunsight visually display 

the tube-centering process to assist the operator in using the 

tank up/down and side-to-side adjustments to center the tube. 

Bessemer also notes, “Because the transducers are so close to the 

die, the die acts as support for the tube, and thus no rollers or 

guides are necessary, further simplifying the string-up process 

and eliminating the potential for the tube to touch and/or stick 

to any surfaces, making it a truly non-contact solution.” 

Another advantage of the Ultrasonic Centering Gauge is 

the distance to the ultrasonic transducers from the hot die, 

according to Bessemer. “With traditional laser-gauge/cold 

control, the laser gauge is the control point, as this is the � nal 

tube measurement of the O.D. The distance from the laser 

gauge to the hot face of the die is the distance the control waits 

before making a change to either the internal air unit, vacuum 

level, or puller speed to control the dimensions of the tube 

being processed. But, generally, due to control-loop delays, it is 

typical for this distance to be 10 to 15 times longer.” 

As an example, if the distance on a high-speed � exible PVC 

line from the hot die to the puller is 50 ft, then the control loop is 

every 500-750 ft. This means that small diameter or wall-thickness 

variations will not be corrected within this distance, leading to 

Novatec has devised a novel method aimed at improving the 

processing of precision medical tubing. At February’s Plastec 

West show in Anaheim, Calif., the Baltimore-

based machine builder took the wraps o�  its 

Ultrasonic Centering Gauge, a system that 

reportedly will allow operators to very easily center the tube in 

the tank during startup, avoiding troublesome processing issues, 

decreasing setup time and wasted material.

The new Novatec Ultrasonic Centering Gauge ensures a micro-

bore tube is quickly centered in the tank tooling before processing. 

According to Bob Bessemer, Novatec’s v.p. of extrusion technology, 

this is critical because it solves concentricity issues due to the tube 

rubbing against the entry tooling. He explains, “When processing 

microbore tubing, the crosshead die is typically in very close prox-

imity to the water or vacuum-tank tooling, making it almost impos-

sible to see whether the tube is centered in the tooling and not 

rubbing against it, which leads to hard-to-solve concentricity issues 

and product defects.”

When Novatec 

developed its MVT 

Vacuum Tank Series, it 

found the vacuum was 

so stable it could be 

used to control water 

drool at the entrance to the vacuum tank. “This allowed the tube to 

enter a wall of water, which greatly enhanced concentricity over older 

systems using an iris or precise water-level control to minimize water 

exiting the tank in an uncontrolled manner,” Bessemer explains. 

With this in mind, Novatec created a water-level-controlled 

vacuum chamber in combination with an open-to-atmosphere pre-

skinning chamber to house ultrasonic transducers located at the 

entrance to the water or vacuum tank. The ultra-precise vacuum 

By Jim Callari
Editorial Director

New Method Boosts 
Medical-Tubing 
Ef� ciency

At Plastec West, Novatec unveiled 
an ultrasonic centering gauge to 
all but eliminate concentricity 
issues while decreasing startup 
time and slashing material waste.

Ultrasonic Centering Gauge 
ensures a microbore tube is 
quickly centered in the tank 

tooling before processing. 

Novatec’s Ultrasonic Centering Gauge features 
a real-time display to facilitate centering the 
medical tube in the tank’s tooling.
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within 2-3 in. of the hot die face, which will further reduce the 

control point to 20-30 in. That will allow even further improve-

ments in tube O.D. and wall-thickness tolerances and precision,” 

Bessemer explains.  

diminished Cpk quality values and thus not being able to run on 

the thin side of wall tolerances, notes Bessemer. 

“For the last � ve to 10 years, the ultrasonic units have been 

enhanced to not only measure the wall thickness but also the 

outside ‘hot’ diameter, as the distance can now be measured 

from the individual transducer face to the outside of the tube,” 

Bessemer explains. “The typical ultrasonic transducer holder 

is mounted 18 to 20 in. inside the cooling or vacuum tank, 

which can accommodate a control distance of approximately 

24 in. Within the software of these units, the ‘hot/ultrasonic’ 

diameter is compared with the ‘laser-gauge/cold’ diameter 

reading and then used as a dynamic o� set for control. As with 

the previous example, if we now use, say, 24 in. from the hot 

die face to the ultrasonic transducer, and apply a 10-15X factor, 

we end up with a control loop of 20-30 ft. Dramatic improve-

ments have been seen with the ultrasonic control and the 

associated tube tolerances and Cpks. This has allowed typical 

tolerances of ±0.001-in. diameter control of tubing with 0.125-

in. O.D. at line speeds of 800 to 1000 ft/min or more.”

Novatec’s Ultrasonic Centering Gauge will also have the 

potential to take this “hot” control approach one step further, 

according to Bessemer. “With the holder mounted to the 

entrance of the water or vacuum tank, the transducers will be 

Ultrasonic 
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O.D./I.D., Wall 
Measurements

Three-Axis Laser 
Scanner for 

Final O.D./I.D. 
Measurements 
and Dual Loop 

Controller O.D./I.D. 
Measurements

The position of the ultrasonic transducers can make dramatic 
improvements in tubing tolerances. Novatec utilizes a dual-loop 
controller for O.D. and I.D. measurement on both hot and cooled 
ends. Because O.D. and I.D. can change after the � rst measurement 
point due to cooling, etc., the second control loop continually 
monitors and adjusts the offset in values between the two points. 
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Long before there were plastics there was the process of annealing. 

The metals industry, and more speci� cally the steel industry, has 

known for a long time that conducting a 

follow-up process that exposes materials to 

controlled heating and cooling will reduce 

the hardness of the material, increase duc-

tility, and reduce internal stresses. The 

microstructure of the material is also 

changed. Other metallic materials such as 

copper and brass can also bene� t.

Annealing of plastics is not performed 

as part of most manufacturing processes. 

There are exceptions. Products of signi� cant thickness such as 

solid rod, thick-walled tubing and sheet are often annealed as 

a preparatory step for machining. This is done to stabilize the 

structure of the material and reduce internal stress, much the 

same reasons that the process is performed on metallic materials.

In all products fabricated by melt 

processing, the relatively rapid 

cooling rates that are associated 

with these processes introduce 

some level of internal stress and a 

departure from an equilibrium state. 

In cases where this produces a level 

of internal stress that creates func-

tional problems in use, annealing 

may be performed to draw down 

the stress to levels that may not be 

achievable during processing.

The rationale for annealing, and the e� ect that it has on the 

material, will depend greatly upon the polymer being annealed. In 

amorphous polymers, the objective is to reduce internal stress. Parts 

that are produced in a well-controlled process that gives appropriate 

attention to the importance of cooling rate may contain internal 

What Annealing Can Do for Your Process

stresses below 1000 psi. But parts that are rapidly cooled may 

display internal stresses two to three times higher. The higher the 

internal stress is, the less capable the product will be of managing 

external stresses without failing. In addition, failures in parts that 

contain a high level of internal stress are more likely to be brittle. 

Even if the application is not expected to involve an elevated 

level of external stress, high internal stresses can increase suscepti-

bility to environmental stress cracking (ESC). Amorphous polymers 

are particularly likely to exhibit ESC if they are exposed to certain 

chemical agents. These chemical agents may be present as solvents, 

plasticizers, cleaning agents, rust preventatives and adhesives, and 

prolonged contact of an amorphous polymer with these � uids can 

result in ESC failures. In these types of environments, annealing 

can be the di� erence between success and failure.

In semi-crystalline polymers, the purpose for annealing is 

fundamentally di� erent. Semi-crystalline polymers are used 

because of the mechanical and thermal attributes that arise from 

their crystallinity. The degree of crystallinity governs properties 

such as strength, modulus, retention of mechanical properties 

above the glass-transition temperature, chemical resistance, 

Products of 
signi� cant thick-

ness such as solid 
rod, thick-walled 

tubing and 
sheet are often 
annealed as a 

preparatory step 
in machining.

Relatively rapid cooling rates in processing introduce internal stress. 
If functional problems in use result, annealing may draw down the 
stress to levels that may not be achievable during processing.

PART 1

Get more insights on Materials from our expert author:
short.ptonline.com/materialsKH

Learn more at PTonline.com
KNOW HOW MATERIALS

By Mike Sepe

Annealing can relieve stresses in 
amorphous materials and increase 
crystallinity in semi-crystalline resins. 
(Photo: Annealing oven from Grieve Corp.) 
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fatigue and creep resistance, and tribological properties. Just as 

internal stresses in amorphous polymers are minimized by slower 

cooling rates, crystallinity in a semi-crystalline polymer is maxi-

mized by slowing the rate at which the material is cooled. 

But even in the best of circumstances, the cooling rates associ-

ated with melt processing result in a part that possesses approxi-

mately 90% of the achievable crystallinity. In most cases, this 

is su�  cient. But in those instances where it is not, annealing is 

performed to provide that additional 10%. 

The opportunity for crystal formation occurs in a temperature 

window below the melting point of the polymer and above its 

glass-transition temperature (Tg). Consequently, the annealing 

temperature must be above the Tg in order to achieve the desired 

result. Optimal crystallization rates are usually obtained near the 

midpoint between the melting point and the Tg. As an example, 

nylon 66, with a Tg of 60 C (140 F) and a melting point of 260 C 

(500 F), anneals most e�  ciently at around 160 C (320 F).

In crosslinked materials, the annealing process is performed 

for reasons similar to those that govern semi-crystalline thermo-

plastics. Just as molding processes struggle to achieve the highest 

level of crystallization possible, they also do not typically achieve 

the optimal level of crosslinking. While this may be accomplished 

by extending the cycle time, the economics often do not favor 

such an approach and it is more e�  cient to reheat a large number 

of parts after molding. In the thermoset industry this is typi-

cally referred to as post-baking and it is most often performed on 

polymers such as phenolics and polyimides. 

However, many practitioners in the industry have also found 

bene� ts in performing this operation on unsaturated polyesters, 

epoxies, and silicones. In order for the post-baking process to e� ec-

tively advance the crosslink density of the material, the temperature 

of the baking process must exceed the Tg of the polymer in the molded 

part. As we will see in a later article, there are some thermoplastics that 

also require post-baking in order to achieve optimal properties.

Some elastomers also bene� t from a post-baking or annealing 

process. As with semi-crystalline thermoplastics and rigid crosslinked 

polymers, the objective is not reduction of internal stress, but instead 

a structural rearrangement that improves mechanical and thermal 

performance. This process can be useful in thermoplastic elastomers 

such as polyurethanes, and it has also been shown to improve perfor-

mance in crosslinked systems such as silicone rubber. The process is 

particularly useful in providing optimal performance in applications 

where prolonged exposure to elevated temperatures are involved.

In order for these processes to achieve the desired result, the 

speci� c conditions of annealing or post-baking temperature and time 

are critical. Of equal importance in some of these cases is the rate of 

cooling after the heating process is concluded. Failure to manage this 

cooling process is often the reason that annealing does not achieve 

the desired result. This is a parameter that is often overlooked. 

In subsequent articles in this series, we will discuss the di� erent 

requirements that pertain to amorphous thermoplastics, semi-crys-

talline thermoplastics, crosslinked materials, and elastomers. We will 

also discuss the limits of this process to achieve positive outcomes 

without introducing unintended negative consequences. 
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You’ve just � nished molding parts from a tool hung in the press 

this morning, and you have submitted � rst shots to the quality 

inspector for dimensional veri� cation. 

What is the � rst thing that the inspector is 

going do? Is she going to pick up a pair of 

calipers and start measuring the parts 

right away, or is she going to � rst inspect 

the parts for any cosmetic defects? If the 

parts are short or if they have � ash, there 

is no chance you are going to convince the 

inspector to measure the parts.

How about another scenario: You’d 

like to drive your car in cruise control 

at 80 mph for 4 hr at a stretch. Given a choice between a narrow 

and winding road at the edge of a cli�  and a straight road with a 

wide lane, which would be your choice? The answer is obvious! If 

you choose the edge-of-the-cli�  road, it’s very likely that at some 

point you will fall o�  the cli� . Even if you do manage to � nish 

The Cosmetic Process Window: 
Key to a No-Tweak, Robust Process

this journey, that doesn’t mean you’ll be successful during future 

journeys. Also important: the cli�  journey is stressful. You have to 

pay constant attention to the road, with no room for any deviation 

from the settings. You can never take your eyes o�  the road and will 

have to monitor the drive constantly .

In injection molding, we often � nd ourselves in similar situa-

tions. If the parts are short at a pack-and-hold pressure of 3750 psi 

(plastic) and cosmetically acceptable at 4000 psi but will � ash at 

4500 psi, the window to mold parts with acceptable cosmetics is 

very small. The window inside which cosmetically acceptable parts 

can be molded is de� ned as the Cosmetic Process Window (CPW). 

In this case, if the job is a week-long run of a 100,000 parts, there is a 

very high probability of molding short shots or parts with � ash. The 

frequency of parts inspection will need to be higher.

Unfortunately, “100% inspection” is more common than we 

think. Processes with smaller cosmetic windows require constant 

attention by process engineers, equivalent to driving a car at 80 

mph at the edge of the cli� . Just as driving a car 80 mph along a 

cli� ’s edge for 5 min 

does not guarantee you 

can do it for 4 hr and 

all future journeys, 

similarly, successfully 

molding 10 parts and 

assuming that you can 

then run 100,000 parts 

with no issues is also 

a myth. We have to 

understand short-term 

variation and long-term 

shifts. The molding 

process must be robust 

enough to capture these 

variations and shifts.

Figure 1 shows parts from the same tool molded at three 

di� erent pack-and-hold pressures, yielding parts that are short 

with sink, or are cosmetically acceptable, or have � ash. The pres-

Establishing a process with the widest possible cosmetic window 
can help put your injection molding on cruise control.

Get more insights on Injection Molding from our expert 
authors: short.ptonline.com/moldingKH

Learn more at PTonline.com
KNOW HOW INJECTION MOLDING

By Suhas Kulkarni

FIG 1 Parts Molded with Varying Pack-and-Hold Pressures

Short Shot/Sink Acceptable Flash

Parts from the same mold, molded at three different pack-and-hold pressures, yield parts 
that are short with sinks, parts that are cosmetically acceptable, and parts that have � ash.
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sures mentioned in this article are plastic pressure values (not 

hydraulic pressures). A Process Window Study was done at melt 

temperatures of 480 F and 520 F—the high and low recommended 

by the data sheet for this ABS. At 480 F, parts molded below 4000 

psi yielded shorts and sinks, and parts molded above 10,000 psi 

yielded parts with � ash. Parts molded between 4000 and 10,000 

psi (inclusive) yielded parts that were free 

of sink, � ash or short shots. The same study 

was repeated at 520 F, and the pressure 

limits were found to be 3000 and 9000 psi. 

These four data points form the Cosmetic 

Process Window (CPW). Parts molded 

within the CPW are cosmetically acceptable 

(Fig. 2). We are not considering dimensions 

when performing this study.

Going back to the analogy of choosing the road to drive on and 

looking at the CPW, it becomes clear that the choice of molding 

conditions would be the center of the window. In this case, that 

results in a melt temperature of 500 F and 6500 psi of pressure. 

Setting the process at these conditions and having a wide process 

window will ensure that the molded parts will always be cosmetically 

acceptable. Any natural variations and shifts around these settings 

will get cushioned in not requiring any tweaking by the process 

engineer. A wide process window is key to process robustness.

Only after this study is done should a molder look at part dimen-

sions. Part dimensions are a function of shrinkage, which is based 

on the Pressure-Volume-Temperature (PVT) relationship for the 

given plastic. Shrinkage here is related to volume, and the given 

volume is dependent on pressure and temperature. Therefore, pack 

and hold pressures and melt and/or mold temperatures are the 

main factors that a� ect the part dimensions. There are several other 

factors that a� ect the dimensions, which will be discussed in a later 

article. The technique of Design of Experiments (DOE) is used to 

evaluate the dimensions. During a DOE, parts are molded at the four 

corners and the dimensions are plotted as contour plots inside an 

inscribed rectangular window.

In Fig. 3, the diameter of the wheel 

considered for the CPW study is plotted from 

the DOE results. The nominal value is 1.685 

in. with a tolerance of 0.006 in. on the lower 

side and 0.009 in. on the upper side. The 

outside box is the CPW, and the inside box 

that was drawn based on the blue contours 

is the Dimensional Process Window (DPW). 

The heavy blue line is the nominal value, and clicking anywhere 

on the line will give the combination settings of the pack-and-hold 

pressure and the melt temperature to produce parts at the nominal 

value. For the DPW, the lows and highs for the pressure are 4250 and 

7250 psi and 480 F and 520 F for the temperature. The center of the 

window is 5750 psi and 500 F. Molding at the center of the window 

will again give us a robust process, since on either side of this 

setting there is plenty of room for any variation and shift.

Now consider this same mold but with a small cosmetic process 

window. The temperatures used and the low pressure of 4000 psi 

are still the same, but the mold starts to � ash at 5000 psi (Fig. 4). 

Since the DPW is a subset of the CPW, the DPW is now very small, as 

far as the pressure is concerned (Fig. 5). The center would be 4500 

psi, and we could mold acceptable parts for a short time, but over 

FIG 2 The Cosmetic Process Window FIG 3 Cosmetic Process Window & 
   Dimensional Process Window
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a week-long run—because of natural variations in the machine, 

material, environment (including personnel)—it is very likely 

that parts could be molded that are short, out of spec on the lower 

side, or have � ash. If the parts are cosmetically acceptable but have 

dimensions below the lower spec limit, increasing the pressure 

could cause � ash. We are once again driving the car on the edge of 

the cli� , and 100% inspection is now required.

The discussion above therefore mandates a wide DPW for a 

robust process. Since the DPW is a subset of the CPW, the CPW 

also must be wide. The natural variation will get cushioned in a 

production run. Over time, the mold components will wear, the 

gates will wear, the vents will start getting crushed, the material 

lots will vary, and the part quality can shift. Results from the DOE 

will let you make data-driven decisions to change the process and 

still mold parts within the speci� cations.

It is therefore the area of the CPW that is the critical � rst step to 

achieving a robust process, zero defects, reduced inspection and no 

process tweaking.  

Parts here are molded in a hypothetically narrow 
cosmetic process window. The temperatures used, 
and the low pressure of 4000 psi are still the same, 
but the mold starts to � ash at 5000 psi.

A narrow dimensional process window results 
from a narrow cosmetic process window.

FIG 4 The Pack-and-Hold Phase: 
  The Cosmetic Process Window

FIG 5 Narrow DPW Resulting from Narrow CPW
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EXTRUSION

A major step in the history of the design of extrusion screws took 

place in the early 1960s as a result of research work done by 

Western Electric Co., the former manu-

facturing side of the Bell System and 

later AT&T.  Some aspects of single-

screw extrusion—such as output, 

polymer � ow properties and power 

calculations—had already been well 

developed by a number of other 

researchers, but a complete analysis of 

the extrusion process, particularly 

melting, was still needed.  

I worked for a major polymer producer at that time and 

remember doing multiple “push-outs” of full screws in the lab 

to explore early theories of melting. But even when the basic 

principles could be seen, the complexity and amount of calcula-

tions involved for a complete screw analysis were so complicated 

that it was completely imprac-

tical to execute them without a 

computer.  The wider availability 

of computers at that time allowed 

for a more complete analysis as 

polymer progressed down the 

screw channels. Formulas for 

the computer programs were 

adjusted, readjusted, and then 

readjusted again by Western 

Electric researchers until they 

closely matched actual lab results. 

This then evolved into a full length computer analysis. Today’s 

analysis is still very similar to that developed by the Western 

Electric researchers.

Important Polymer Melting Equations 
for Extrusion Processors

Equations for many aspects of extrusion screws were devel-

oped and later published by Imrich Klein and Zehev Tadmor, 

two of the principle researchers at Western Electric, in their 

book Engineering Principles of Plasticating Extrusion. I used the 

programs developed by Klein and Tadmor for a number of years 

before developing some approximation techniques.  

As an example of how their formulas can help explain many 

things, the melting-rate equation shows the importance of the 

solid-bed width (X) against the barrel wall as well as the e� ect of 

other variables necessary for the melting calculation.  

Melting rate (ω) = { Vbx ρm [ Km(Tb-Tm) + (μ/2) Vj
2) ] ÷ 2 [ (Cs 

(Tm-Ts) + λ ] X }1⁄2

If we let Φ = { Vbx ρm [ Km(Tb-Tm) + (μ/2) Vj
2) ] ÷ 2 [ (Cs (Tm-Ts)+ λ}, 

or all of the melting equation inside the brackets, then:

ω = ΦX1⁄2 where X is the width of the solids in the channel

That says, for a given screw geometry, screw speed, location 

and speci� c polymer, the melting rate at any point is directly 

proportional to the square root of the width of the solid in contact 

with the barrel wall.

Other parts of the equation o� er more explanation of the 

melting process:

Vbx = Velocity parallel to the screw
ρm = Density of the melt

Km = Thermal conductivity of the melt 

Tb, Tm and Ts = Temperature of the barrel, melt and solid 
respectively

μ = Viscosity at shear rate and temperature of the melt � lm 
over the solid bed

Vj
2 = Velocity difference through the melt � lm

Cs = Speci� c heat of solid polymer

λ = Heat of fusion (only for crystalline polymers) 
Get more insights on Extrusion from our expert authors.
short.ptonline.com/extrudeKH
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By substituting actual values into this equation you can 

see for yourself the relative e� ectiveness of each variable. For 

example, Km(Tb-Tm) and Cs (Tm-Ts), which de� ne the heat trans-

ferred into or out of the polymer from the barrel and screw, are 

usually very small because the melt transfers heat to the barrel 

and it quickly approaches the melt temperature. That’s due to the 

poor thermal conductivity of the polymers and the short time the 

polymer is typi-

cally in the barrel 

under production 

conditions.  

For example, 

the thermal 

conductivity of 

steel is 54 (BTU/

ft-hr-0F) and of polypropylene is 0.57 (BTU/ft-hr-0F), or about 

1⁄100 that of steel. As a result, the polymer does not absorb much 

heat from the barrel or give up much heat to it. Many oper-

ating personnel think they control melting rate with the barrel 

temperatures. However, the viscosity at the appropriate shear 

rate and approximate temperature (μ), as well as the screw-

channel velocity terms (Vbx and Vj2), are usually the predomi-

nant factors. That says that polymers with highest viscosity at 

the operating shear rates (screw 

speed) have the greatest energy 

input per unit surface area 

during melting. 

Such design estimates neces-

sitate the availability of shear 

-rate/viscosity curves, as well 

as density and thermal data, for 

the particular polymer being 

processed. But even without a 

computer simulation system, a 

great deal can be learned from 

the formulas developed for the 

computer programs.

To illustrate how knowledge 

of the basic formulas helps, we 

know that barrier-type screws 

have proven to have greater 

melting capability than conven-

tional screws. In a conven-

tional screw the melted and 

unmelted polymer coexist in the 

same channel.  Melting occurs 

primarily at the barrel wall due to 

shear between the solids in the 

rotating screw and the stationary 

barrel wall. Again, transferred 

heat from the barrel constitutes a relatively small part of the 

necessary energy once the screw is in operation.

As seen in the illustration above, a conventional screw has 

the melt or “melt pool” width increasing as material moves 

down the barrel, and eventually melt � lls most of the channel 

as melting progresses. One of the principles of barrier-type 

screws is they allow the melted polymer to � ow over the 

increased � ight clearance of the barrier � ight and accumulate 

in a separate channel, thereby keeping constant the area that 

the unmelted polymer is in contact with the barrel wall. As a 

result, the melting rate is also quite constant throughout the 

barrier section, while the conventional screw has a gener-

ally decreasing melting rate due to the enlarging melt pool as 

material moves down the screw.

This explains why barrier screws are considered high-perfor-

mance designs for melting, compared with conventional designs, 

and why understanding of the basic equations is very helpful in 

screw design with or without a computer simulation program. 
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The melting rate is constant 
throughout the barrier- 
section length, unlike a 

conventional screw design.

In a conventional screw, the “melt pool” width increases as it moves down 
the barrel. Barrier-type screws allow the melted polymer to � ow over the 
increased clearance of the barrier � ight and accumulate in a separate channel, 
thereby keeping the area that the unmelted polymer is in contact with the 
barrel wall quite constant. As a result, the melting rate is also quite constant 
throughout the barrier section, unlike in  a conventional screw design.
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It is instructive to break apart the controlling variables for devola-

tilization into machine-design parameters and thermodynamic 

variables. This helps deconvolute the prob-

lems and makes the controlling mecha-

nisms a bit clearer in the mind of the 

designer and operator.

MACHINE PARAMETERS
Devolatilization is the process by which 

solvents or dissolved gases are stripped 

from a polymer solution or melt. Devices 

employed for devolatilization are wide 

ranging in design, from falling-� lm evaporators to multi-screw 

extruders, but the guiding principles remain the same. One must 

create a vapor space above the polymer melt or solution and pro-

vide mechanical means for regenerating surface area. In that vapor 

space, one needs to create conditions that favor movement of vola-

tiles from the melt to the vapor.

While quanti� cation of the devolatilization process is very 

challenging, the nature of the process lends itself to grouping 

two sets of parameters: mechanical and thermodynamic. The 

mechanical variables are equipment design parameters that link 

the geometry with three key process metrics:

 •  Surface area and rate of regeneration;

 •  Residence time;

 •  Distributive mixing.

Why is surface area so important? Imagine two cups of water 

of equal volume, taken from the same tap at the same temperature, 

and placed on a table in a room. Now, one of those cups is spilled 

out over the table while the other is left in the cup. We all know that 

if we return to that room after several hours, that water poured on 

the table will be largely gone, while the water in the cup will still be 

largely as we left it. The di� erence is surface area. A gallon of paint in 

a can be left open for hours and remain � uid and serviceable. Spread 

that same paint over a wall, and within a few hours it is dry and ready 

for pictures and curtains. Again, the di� erence is surface area.

A volatile species will leave a solution only at a gas/liquid (or 

gas/melt) interface. The larger the interface, the faster the loss of the 

volatiles. In the example of water on the table, it need not be above its 

boiling point and in that case is only at room temperature. It need only 

have su�  cient area 

and a concentration 

gradient—the water 

on the table dries 

faster on a dry day 

than on a humid day, 

the di� erence being 

concentration of 

water vapor in the air.

So, if surface area 

is so important, why 

do we need distribu-

tive mixing and surface-area regeneration? The accompanying image 

shows a pro� le view of a venting zone in an extruder screw. The 

channels are partially � lled with melt, and it is easy to imagine that 

the surface of the melt is continually refreshed as the screw rotates. 

Arrows indicate the direction of the refreshed surfaces on the rolling 

banks of melt in the partially � lled screw channels. Because of the 

relatively slow rates of di� usion of the volatiles through the melt, only 

the molecules very near the surface will escape to the vapor phase. If 

one were to rely on di� usion of the  volatiles through the melt, devola-

tilization (DV) would take weeks or months rather than seconds. 

Demystifying Devolatilization
Here are some simple tools to help monitor 
and optimize your devolatilization process.

By Robert Jerman

PART 2

Single-screw devolatilizing extruder with rolling banks of polymer.

Visit the Compounding Zone.

Learn more at PTonline.com
KNOW HOW COMPOUNDING

Rolling Bank of Melt in Front of Pushing Flight Face

Transition from Partially Filled to Filled Screw Channels

32 APRIL 2020Plastics Technology PTonline.com

Know How

COMPOUNDING





PTonline.com

Know How

34 APRIL 2020Plastics Technology

Instead, we help mother nature along by continually bringing 

fresh material to the surface of the channel via surface-area regen-

eration, and by ensuring a homogenous mixture in the channel 

itself by optimizing distributive mixing.

The focus on distributive mixing may seem a bit misplaced at 

� rst, but it is important to remember that as the layer immediately 

at the surface of the melt is depleted of the volatile components, 

the devolatilization process shuts down unless that surface is 

replaced with fresh melt. The di� usion rate of volatiles in the melt 

relative to the short time in a DV zone is such that a high degree 

of mechanical mixing needs to occur, coupled with surface-area 

regeneration to keep the stripping process at its highest rate.

Unfortunately, options for mixing are limited, because one 

cannot simply put in kneading or other non-conveying elements, 

as that would risk material backing up into the vent. Instead, we 

optimize the turnover in the channel, exchange between screws 

in a twin-screw extruder, and the time in the DV zone. Screws in 

typical DV sections, whether single- or twin-screw, are partially 

� lled and experience laminar � ow, meaning that bringing fresh 

material to the surface of the rolling bank 

can be accomplished only through high rates 

of laminar mixing. Multiple � ights, more 

steeply pitched screws, and interruptions in 

� ights all contribute to maximizing the rate 

of bringing fresh material to the surface.

What is important to note is that these 

are all predictable parameters, without 

having to model bubble nucleation, growth, 

and rupture. One knows that surface area is 

important and that the rate of generation of surface area is impor-

tant. Regardless of bubbles or no bubbles, nothing leaves the melt 

unless it is at a melt/gas interface.

For example, one can write a simple relationship for genera-

tion of surface area per unit time as a function of the number of 

channels, the geometry, and the screw speed. It is important to 

remember that the total surface area is the � lm deposited on the 

barrel wall, along with the face of the rolling bank of polymer.

These simple relationships show that the rate of surface-area 

generation increases with the number of channels, screw speed, and 

decreased degree of channel � ll. The pitch of the screw, generally set 

as a square pitch (one turn of the � ight in one diameter of the screw) 

can be altered to a steeper pitch to improve surface-area generation. 

This is embedded in the helical length of the zone Z as shown here:

SAc =  (Vy) × (nZH) (surface area/unit time in channel)
SAb =  (1-f)W × nZ × N (surface area/unit time on barrel surface)
W = channel width
f = � ll fraction
Z = helical length of zone
N = screw speed 

n = number of channels
H = channel depth
Vy = rolling-bank face velocity

Similar relationships may be developed for residence time in the 

zone, which contributes to both mixing and surface-area genera-

tion. It stands to reason that the longer the polymer is in the vented 

section, the more volatiles will be removed.

THERMODYNAMIC VARIABLES
The thermodynamic variables (the mere word strikes fear into 

the hearts of many of us) come down to maximizing the driving 

force for volatiles to leave the melt or solution and enter the 

vapor space above the melt.

While thermal energy is one of the primary drivers for devola-

tilization, too high a temperature for too long a time will harm the 

polymer in other ways, leading to oxidative degradation, etc.

The controlling thermodynamic mechanisms change as the 

concentration of the volatile component changes. Very high concen-

trations of solvent or monomer behave much 

like a boiling process. Here the controlling 

mechanism is driving heat into the melt or 

solution and allowing a rapid decompression. 

The elements of the screw design have little 

impact on this, other than to knock down the 

foam and prevent � ying polymer in the vents.

As the concentration of volatiles dimin-

ishes, the mechanism moves to a di� usion-

controlled mechanism. There is lots of 

discussion about superheat in the literature and while su�  cient 

energy must be applied to overcome the heat of vaporization etc., 

this is seldom the limiting step other than in the initial venting 

operation for a low-solids feed. Instead, the controlling mecha-

nisms are the aforementioned surface-area generation coupled 

with the partial pressure of the volatilizing species.

Partial pressure is a critical variable in predicting the separa-

tion of a gas from a polymer melt. Gases will want to equalize 

their pressure between two phases that are open to one another. A 

gas will move from an area where its partial pressure is higher to 

an area where its partial pressure is lower. In addition, the greater 

the partial-pressure di� erence between the two areas, the more 

rapid is the movement of gases.

The movement from the melt to the vapor space above the melt 

is dictated by the solubility of the gas in the melt and the partial 

pressure of that component above the melt. This is the funda-

mental relationship spelled out in Henry’s law, which one may 

remember from high school or college physics. Henry’s law states 

that the concentration of gas in a liquid is directly proportional to 

the solubility and partial pressure of that gas. The greater the partial 

pressure of the gas, the greater the number of gas molecules that 

A volatile species will 
leave a solution only at 
a gas/liquid (or melt) 
interface. The larger 

the interface, the faster 
the loss of the volatiles.
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will dissolve in the liquid. The concentration of a gas in a liquid 

also depends on the solubility of the gas in the liquid.

The Flory-Huggins equation shows the relationship between 

how much of a volatile component wants to stay in the melt and 

the vapor pressure above the melt. While neither the 

Flory-Huggins equation nor Henry’s law are directly applicable 

to a DV vent, qualitatively they can teach a lot:

log(P1/P01) = log(1-V2) + V2 + XV2
2

P1 = vapor pressure above the melt
P01 =  vapor pressure of pure substance at the 

temperature under consideration
V2 = volume of polymer in binary mixture
X = Chi or Flory-Huggins parameter

From the thermodynamics side, one simply 

wants to eliminate as much of the volatile com-

ponent from the vapor space above the melt as possible. 

This translates into:

 •  As high a vacuum level as conditions will permit;

 •   Use of inert sweep gases (nitrogen) to further reduce the con-

centration of the stripping species above the melt;

 •   Put energy into the melt to compensate for cooling created by 

the stripping action.

One can condense all the math into some simple rules of thumb:

 •  Maximize surface area and regeneration of surface area.

 •   Ensure the highest degree of distributive mixing in the partially  

     � lled channels.

 •   Reduce the concentration of the volatile species above the melt 

by employing high vacuum levels and possible sweep gases.

 •   Stage the stripping (multiple vents) to re� ect the changes in 

controlling mechanisms.

 •   Keep the viscosity low to minimize degradation.

 •   Keep oxygen out of the system to minimize degradation.

PRACTICAL MATTERS MATTER
There are a variety of practical aspects for good devolatilization 

performance, including having the proper number of stages, 

preventing polymer buildup in vents, � ying polymer, and 

cooling of the melt as a result of too rapid a stripping action. 

There are several continually recurring themes for poor devola-

tilization. These include:

 •  Flying polymer: When the rate of volatile 

removal is high, devolatilization is more of a 

boiling process, generating signi� cant amounts of 

foam and bubbles. As the solution decompresses, 

gases escape, bubbles are formed and rupture, and 

there is signi� cant loss of temperature due to the 

cooling e� ects of the heat of vaporization of the 

volatilizing species. This often results in the foam 

solidifying and coming o�  the screws and being 

entrained in the venting system, with all the expected undesir-

able consequences. Allow su�  cient screw length after the 

upstream seal prior to the vent opening to allow the screws to 

break down the foam and reheat the melt.

 •  Polymer backing up into the vent: This is a result of too long a 

� lled length (or too short a pumping section) downstream of the 

vent prior to the downstream seal. Increase the screw speed, 

improve the pumping e�  ciency of this section (shallower screw 

channel), or simply increase the length of screw between the vent 

opening and the downstream seal. Decrease the pressure drop over 

the downstream seal so there is less of a ΔP to pump against.

 •  Thermal regeneration: Stripping large masses of volatiles will 

signi� cantly cool the melt, perhaps not to the point of solidi� ca-

tion, but certainly to the point  where further volatilization is 

impaired. The pumping section and the melt seal downstream of a 

venting section can be designed to impart more viscous heating to 

Very high 
concentrations 

of solvent 
or monomer 
behave much 
like a boiling 

process.
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the melt so that 

the subsequent DV 

zone operates 

more e�  ciently.

 •  Poor vacuum:

Leaking systems, 

inadequate vacuum levels, or the wrong types of vacuum pumps can all dramatically  

reduce the performance of a vent. We focus on the extruder while often ignoring the 

ancillary components that are equally important to this stripping operation.

Leaking systems, inadequate vacuum levels, 
or the wrong types of vacuum pumps can all 

dramatically reduce the performance of a vent. 

 •  Too much in one step: There are prac-

tical limits to the reduction in volatiles that 

can be accomplished in one zone. The 

beauty of an extruder, especially a twin-

screw, is that you can stage the devolatiliza-

tion vents and optimize the performance of 

each one. It is not realistic to expect to 

remove much more than an order of magni-

tude in concentration per vent—and not 

necessary, either. Stage the stripping, 

because it allows the greatest process � ex-

ibility and greatest turn-up and turn-down 

ratios for the extruder.

 •  Creating new volatiles: Understand the 

degradation mechanisms for your polymer. 

Be careful not to subject the melt to condi-

tions that will cause it to unzip, as it is a 

battle you will not win. Avoid oxygen, and 

design the stripping stages so that the last 

vent before discharge is operating at close to 

capacity. This maintains a lower viscosity 

throughout the machine and minimizes 

degradation in the extruder.

WHAT DEVOLATILIZATION 
DOES NOT DO
We have discussed how DV works and how to 

improve DV performance, but it is worth noting 

that there are limits to what DV can remove.

What devolatilization will not do is 

remove non-volatile contaminants from a 

polymer melt. Larger molecules, dimers, 

and trimers that have a high boiling point 

and/or low vapor pressure will not be 

extracted by devolatilization and must 

be removed via extraction or reactive 

processes. The higher the boiling point of a 

contaminant, the higher the melt tempera-

ture and rates of surface-area regeneration, 

and the lower the partial pressure must be 

to strip those materials. 

•   

•   

•   
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Last month, I discussed the importance of proper gate depths and 

gate widths. This month, I will focus on two types of gates, as well 

as gate land length and gate-freeze time.

SUB-GATES
There are several di� erent types of sub-

gate shapes, as mentioned in my January 

2018 article, “Tunnel Gates for Mold 

Designers.” The most common ones are 

conical because they are the least expen-

sive to machine. “D”-shaped and chisel-

shaped sub-gates are also very common.

To determine the size of a conical 

sub-gate, start by assuming the part was going to be edge gated. Using 

the guidelines discussed in last month’s column, estimate the gate 

depth and width. Multiply the depth times the width to get the � ow 

area. Then convert this area into a diameter. That way, the sub-gate 

diameter has an area equivalent to an edge gate. The formula is:

Sub-Gate Diameter= √ (Edge Gate Depth × Width ÷ π) × 2

How to Properly Size Gates, Runners and Sprues

     For conical or “D”-shaped gates, this diameter is the size of a 

gauge pin that can � t through the hole. It is the minor diameter of 

the elliptical sub-gate scar. It is not the major diameter of the 

ellipse, nor the entire area of the ellipse, or “D” shape. If you think 

about it, this is similar to comparing the � ow area of a full-round 

runner to a trapezoidal, parabolic, or any other runner shape. 

While conical and “D”-shaped sub-gates are the most 

common, they are the least desirable. You cannot control the 

gate-freeze time and material � ow rate through the gate indepen-

dently. If you have a long � ow length, the sub-gate would need to 

be larger to � ll the cavity. This causes the gate-freeze time to be 

needlessly longer. The preferred type of sub-gate is chisel shaped, 

as in Fig. 1. The gate depth and width you want for a chisel-shaped 

sub-gate are the same dimensions you would use for an edge gate. 

This allows you to control the gate-freeze time and the � ow length 

independently without having to extend the cycle time. Another 

advantage to the chisel sub-gate is that it leaves a smaller gate 

vestige than a conical sub-gate, especially when the gate is located 

on a wall that has a steep taper or a radiused surface. It also has 

less chance of producing mold-damaging � akes.

DIRECT SPRUE GATES
Direct sprue gating is used in single-

cavity molds. There is no runner or a 

conventional gate. The sprue-

bushing ori� ce on a direct-gated 

part is e� ectively the gate. The 

sprue-bushing ori� ce size is one of 

the least understood dimensions in 

mold designs—especially with 

direct-gated parts. 

Sizing a direct sprue-gated part 

can be a di�  cult challenge. Ideally, 

you want the outlet diameter of the 

sprue bushing where it meets the part 

to be about 1.5 times the wall thick-

ness of the part. For example, if the part had a wall thickness of 

0.100 in., the outlet diameter of the sprue bushing would be about 

0.150 in. If it is much larger than that, it will cause the cycle time 

to be extended, because the pack pressure and hold time must be 

Get the sprue, runner and gate sizes close to ideal the � rst time around.

Get more insights on tooling from our expert authors: 
short.ptonline.com/toolingKH

Learn more at PTonline.com
KNOW HOW TOOLING

By Jim Fattori

PART 2

FIG 1

A chisel-shaped 
sub-gate.

FIG 2

Edge-gate terminology.
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high enough and long enough to prevent a 

sink mark on the opposing surface of the 

part. It can also be a challenge to prevent 

blush on the surface—especially since 

direct-gated parts usually don’t have a cold 

well to catch and retain a cold slug from 

the machine-nozzle tip.

When considering what the inlet, or 

“O”-ori� ce diameter should be, I start by 

considering what size would I use if the 

part were edge gated, just like I did in the 

previous sub-gate example. That makes 

it easy to determine what the minimum 

ori� ce size 

should 

be. Let’s 

assume 

that if the 

part were 

edge gated 

the gate would be 0.050 in. deep × 0.200 

in. wide. The � ow area is therefore equal to 

0.050 in. × 0.200 in. = 0.100 in2. An equiva-

lent diameter would therefore be the square 

root of (0.100 ÷ π ) × 2 = 0.113 in. 

So now we know the “ideal” inlet and 

outlet diameters of the sprue bushing for 

this direct sprue-gated part. Achieving 

these values is going to be based on the 

length and internal taper of the sprue 

bushing—and that’s where things get 

challenging, if not impossible. In this 

example, to have an inlet or “O” diameter 

of 0.113 in. and an outlet diameter of 0.150 

in., a sprue bushing with an industry-

standard internal taper of ½ in./ft (2.386° 

included) would only be about 0.89-in. 

long. That’s probably not going to be long 

enough to go from the face of the injec-

tion clamp plate all the way down to the 

part. You can often minimize the overall 

length of the sprue bushing by counter-

boring the clamp plate and sometimes a 

portion of the cavity plate. 

I once mounted the underside of the 

head of a sprue bushing directly against the 

back of a cavity insert. The nozzle contact 

pressure from the machine’s barrel was 

strong enough to snap the bolts and push 

the cavity insert out of its pocket and onto 

the � oor. The larger the machine, the larger the nozzle contact force. Therefore, if you go 

this route, select the size and quantity of bolts retaining the insert with this in mind.

You can also make a custom sprue bushing and reduce the internal taper from the 

standard 2.38° included, to just 1° to 2° included. Base your decision on what angle you 

think you can get away with on the thickness of the sprue and the shrinkage rate of the 

material. The best way to make a custom sprue bushing is to buy a stock sprue bushing 

with a smaller “O” dimension. The smaller ori� ce becomes the starter hole for wire 

EDM-ing the bore to the desired size and taper.

You don’t want to reduce or increase the sprue’s estimated “O” dimension, which 

controls the required injection pressure and the gate-freeze time. If the length is a problem, 

The sprue-bushing 
ori� ce on a direct-

gated part is effec-
tively the gate.
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the only thing you can do is live with a larger outlet diameter. In 

order to minimize the increase in cycle time, the sprue bushing 

needs direct cooling. Indirect cooling via water channels near the 

sprue bushing is usually not very e� ective—unless the sprue is cut 

directly into the cavity insert, meaning there is no separate sprue 

bushing. Using a sprue bushing made 

of a copper alloy, or one that is confor-

mally cooled, will be very helpful.

Unfortunately, many direct sprue-

gated parts are inject/eject on the 

same side (reverse ejected), and the 

sprue bushing is extremely long. The 

best solution in a case like this is to 

consider using a hot bushing. If you think that the cost of a hot 

sprue bushing is prohibitive, the accompanying table details the 

number of cycles it takes to recoup their average cost. The ROI is 

based on the hourly machine rate and the expected cycle-time 

savings. Once you reach the ROI cycle quantity, the pro� t on the 

molded part increases from there on in. 

These are conservative numbers because they do not factor 

in the material saved and the possibility of reducing the labor 

requirements. It also doesn’t factor in the reduced scrap rate. Try 

to order hot sprue bushings that leave a small cold sprue and have 

a replaceable tip. That way you can buy tips of di� erent length to 

put the same bushing in di� erent molds for even more savings. 

Lastly, whether you have a cold sprue or a hot sprue bushing, 

add a 0.005-in. to 0.025-in. radius at the outlet of the bushing. 

Thermoplastics don’t like sharp corners of any kind.

EDGE-GATE LAND LENGTH
In order to discuss edge gates, we need to � rst discuss land length. 

The land length for an edge gate is a short straight section con-

necting the outer surface of the part to the runner, as shown in Fig. 2. 

A gate’s land length has a direct e� ect on the viscosity of the material. 

Longer lands impart more shear on the material, which in turn 

reduces the material viscosity. That can be bene� cial, if not neces-

sary, to help improve the � ow length into the cavity. Long land 

lengths can also be detrimental and create burns with shear-sensi-

tive materials, such as PVC.

The longer the land length, the greater the pressure required to 

push the material through the gate—like breathing through a long 

straw versus a short straw. However, since long lands reduce the 

viscosity of the material, it takes less pressure to � ll the cavities—

especially at high injection velocities.

There is an old rule of thumb that says the gate land length 

should be half the depth of the gate. This is yet another “rule” that 

you would be wise to forget. I have seen molds with zero gate land, 

and I have seen molds with lands over 1½ in. long. Both worked 

just � ne for their particular application. The general consensus 

among industry experts is that a gate’s land length should be 

between 0.020 in. and 0.045 in. That’s a pretty good general rule, 

but rules always have some exceptions, which unfortunately are 

rarely mentioned.

Your decision on how long to make the gate land should be 

based on the expected injection velocity. If you are going to inject 

extremely fast, such as with a thin-walled part having a shallow 

gate depth, a short land length is usually necessary. If you are going 

to inject extremely slowly, such as with a thick-walled part having a 

very deep gate, the land length can be considerably longer, because 

there is very little pressure loss going through that gate. The ideal 

land length is also somewhat material dependent. Always review 

the material manufacturer’s design guidelines, but keep in mind 

that most design guides are general in nature.

It is always best to start with a slightly longer gate land. If there 

is an issue with either high shear or high injection pressure going 

through the gate, it is steel-safe and you can reduce it. Don’t make 

the molder have to process around an incorrectly sized gate. The 

resulting processing window will be narrow and the likelihood of 

rejects will increase exponentially. Whatever you do, just make sure 

all of the gates in a multi-cavity mold have the exact same gate depth, 

width and land length. Otherwise, you will get a cavity imbalance.

GATE FREEZE
In May 2000, Bill Fierens ( now sr. technical development engineer 

at M. Holland Co.) and Sean Mertes ( now application development 

engineer at Amco Polymer) presented a paper at the SPE ANTEC on 

“Gate Land and its E� ects on Gate/Cavity Pressure Loss.” The paper 

brie� y asserted that short lands can increase the gate-freeze time. I 

spoke with both authors, and while there is no empirical data to 

support this statement, we all believe it to be true for two primary 

reasons. First, short lands have less steel in the gate area, and area is 

a primary variable in the mathematical equation for calculating the 

rate of heat transfer by conduction. Second, the shorter the land 

length, the closer the runner is to the gate—putting additional heat 

into this critical area. Additionally, if the wall of the molded part is 

Hot Sprue Bushing Cost Installed $1000

 Machine Rate with One Operator, $/hr

Seconds 
Saved

$40 $60 $80 $100 $120

Cycles to ROI

1 90,000 60,000 45,000 36,000 30,000

2 45,000 30,000 22,500 18,000 15,000

3 30,000 20,000 15,000 12,000 10,000

4 22,500 15,000 11,250 9000 7500

5 18,000 12,000 9000 7200 6000

ROI Cycles for a Typical Hot Sprue Bushing

Gate land 
length has a 
direct effect 
on material 

viscosity.
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thick, it also puts additional heat into the critical area. As mentioned before, thick-walled 

parts or parts with large round runners can require longer lands.

While I am certain that a gate with a 1-in. land will solidify faster than a gate with a 

0.100-in. land, I � nd it di�  cult to believe that there would be much of a di� erence in the 

solidi� cation time between a gate with, say, a 0.020-in. land and one with 0.045-in. land. 

Additionally, since shorter lands develop less shear, there will be less temperature rise 

in both the material and the steel. If the gate-freeze time is in fact extending the molding 

cycle, I think it is more likely that it’s not because the land is too short—it’s because the 

gate is too deep. Without empirical data, we will never know for sure.

This brings up another point worth 

mentioning. Companies that have adopted 

scienti� c molding methods perform gate-

freeze studies on their molds. John Bozzelli’s 

November 2015 column, entitled “Gate-Seal 

Testing Done Right,” is a thorough guide on 

how to perform this study. Basically, you 

start with a very short second-stage hold 

time—about 1 sec, and then weigh the part(s). 

You then incrementally increase the hold 

time while maintaining the cycle time, until 

the part weight no longer increases. Now 

you know how long it takes for the gate to 

freeze, which prevents material from � owing 

backward into the runner, causing the part 

to be underpacked. If you want to use a “gate 

unfreeze” condition, you still need to perform 

this study in order to know how much less 

hold time to use. Either way, you know how 

long the hold time needs to be 

before starting screw rotation.

What a gate freeze-study 

doesn’t tell you is whether 

the gate is too shallow or too 

deep. It also doesn’t tell you 

if the land is too long or too 

short. The part, the molding 

machine, and physical testing will tell you 

those things. If the part still has visible sink 

marks or internal voids, or is dimensionally 

undersized after the gate has frozen, the gate 

depth probably needs to be increased. This will 

increase the gate-freeze time, which is neces-

sary in order to pack more plastic into the cavity. 

As I just mentioned, if it takes a long time 

for the gate to freeze, the gate is probably 

too deep. But it is also possible that the hold 

pressure is too high and semi-solidi� ed 

material in the gate is continually pushed 

into the cavity. If the pressure loss going 

through the gate is extremely high or the 

material is jetting into the cavity, the gate 

could be too shallow or the land too long. 

Always 
perform 
a gate-

freeze 
study.
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Award-Winning Package Boosts 
Lindar’s Thermoforming Credentials

Custom thermoformer Lindar has experienced 
years of steady growth, with numerous technical 
advances to its credit, as it continues to expand its 
capabilities in packaging and industrial markets. 

Lindar 
pioneered 
the Simply 
Secure Tamper 
Obvious Hinged 
Package, now 
offered in both 
PET and PLA.
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“We are really good in helping our customers � nd solutions, both 

in terms of new product development and for existing products 

that need upgrading. We are a ‘can-do’ thermoformer with the best 

team to make your product a success.” So says Dave Fosse, director 

of marketing at Lindar Corp., Baxter, Minn. Lindar is AIB and ISO 

9001:2015 certi� ed and prides itself in creating precisely designed, 

highly e�  cient thermoformed products ranging from food pack-

aging to paint trays and tray liners. 

Last year, the processor was recognized twice by the 

Thermoforming Division of the Society of Plastics Engineers 

(SPE). Lindar won a gold medal award in the roll-fed, thin-gauge 

food-packaging category for its Simply Secure Tamper Obvious 

Hinged Package, while company owner and CEO Tom Haglin was 

named SPE’s 2019 Thermoformer of the Year. Haglin’s career in 

the thermoforming industry is noteworthy for business growth, 

job creation, innovation and community impact. In accepting the 

award, Haglin attributed the success that Lindar has experienced 

in its 26-yr evolution to his company’s motivated and capable 

team that continues to drive the business forward. 

Since Haglin bought the company in 1993, Lindar has grown 

from 21 to 175 employees, with annual revenues exceeding $35 

million. The company’s 165,000-ft2  manufacturing facility 

houses nine roll-fed machines, eight sheet-fed formers, six 

CNC routers, two robotic 

routers, one label line, 

and one extrusion line. 

Attesting to Haglin’s 

commitment to innovation 

are a number of patented 

products and techno-

logical breakthroughs 

in packaging. Also, he 

aligned with Dave and 

Daniel Fosse of Innovative 

Packaging to create Intec 

Alliance, which has been 

fully absorbed into the 

Lindar business.

ENTRÉE INTO 
PACKAGING
Prior to that partnership, 

Lindar was primarily 

involved in industrial 

custom and sheet-fed thermoforming for OEMs. The Intec 

Alliance team, says Fosse, brought a new market opportunity to 

Lindar—a proprietary, thin-gauge, roll-fed food-packaging line 

that is now marketed under the Lindar brand name.

Lindar also acquired Lakeland Mold in 2012 and rebranded it to 

Avantech, with Haglin as CEO. A producer of tooling for rotational 

molding and thermoforming, Avantech was relocated to a new 

facility in Baxter in 2016 and has expanded its CNC machining 

capacity and added personnel. 

In addition to the captive tool-building and maintenance, the 

company has made signi� cant investments in secondary opera-

tions such as robotic part trimming and product assembly, as well 

as product design capability, inventory-management software, 

and complete supply-chain solutions.

Lindar is comprised of two main divisions—consumer and 

commercial. Accounting for about 60% of the company’s business,  

the consumer division includes paint trays and tray liners and 

food packaging. Included are quite a few stock parts, such as 

di� erent-sized cupcake and cake containers and paint trays and 

liners. In addition, Lindar manufactures many custom-sized 

containers for food manufacturers or national retailers, ranging 

from fresh produce and baked goods to to deli containers.

Materials used in food packaging are primarily PET and PLA, 

as clarity is key on retail shelves. “We were one of the � rst compa-

nies to thermoform PLA containers, about 18 years ago,” says 

Fosse. He says Lindar has used post-industrial recycle content for 

several years but they are also now working with some suppliers 

of post-consumer recycled materials. “We recently made custom 

and stock products that are 100% post-consumer PET, and we 

expect to see this trend grow. Requests for post-consumer PET are 

coming primarily from retailers as well as food manufacturers. It 

costs more to get post-consumer PET, but this is becoming a main-

stream reality—the critical mass is nearly there.”

Lindar’s commercial and cut-sheet division does primarily 

custom thermoforming of cut sheet up to ½-in. thick and heavy-

Visit the Thermoforming Zone.

Learn more at PTonline.com
QUESTIONS ABOUT THERMOFORMING?

Lindar’s owner and CEO 
Tom Haglin was named 
SPE’s Thermoformer of 

the Year in 2019.

Thermoforming paint 
trays and paint-tray 
liners for a large 
retailer is a stable 
part of Lindar’s 
business.
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gauge parts up to 4 × 8 ft for tractor hoods and fan covers to � lter 

casings for construction equipment. Materials used include PC, 

ABS, HDPE, LLDPE, TPO, and Kydex acrylic/PVC sheet from Sekisui 

SPI, used for medical equipment such as housings for sterilization 

units, wash basins, and electronics housings.

Last year, this division purchased two dual-arm robotic trim 

cells. Says Fosse, “There’s a learning process, but people love 

them, and there are significant productivity improvements on 

all parts, the extent depending on part complexity.”

Also installed last year was new MAAC four-

station rotary thermoformer, which can produce 2.8 

times the throughput of standard shuttle machines. 

This investment allows the company to be competi-

tive while also being more sustainable, using 

less energy to produce more parts. This machine, 

combined with the new robotic trim cells, is expected 

to dramatically increase the company’s throughput.

INNOVATIVE PRODUCT PIONEER
The company’s commitment to innovation has fueled its expo-

nential growth, with sales having soared by 83% in the last � ve 

years, according to Fosse. Pioneering technology and patented 

products include last-year’s award-winning Simply Secure 

“tamper-obvious” containers made of clear PET. Lindar pioneered 

tamper-obvious, two-piece pie and cake containers, launching 

this intuitive design of easy-to-handle packaging in the fall of 

2018. It features tabs that snap into place to secure products on 

store shelves; the tabs can be simply torn o�  by the consumer, 

making Simply Secure user-friendly and readily identi� able as 

opened. Other innovations include the following:

 •  Single-serve cupcake and dessert pack-

aging: Lindar reportedly was the � rst to 

produce individual cupcake containers 

and single-serve mu�  n packaging, which 

catalyzed a market trend for individually 

packaged food items. Single-serve con-

tainers are available in traditional and 

large sizes, include a built-in freshness 

seal, and are manufactured with recycled 

and renewable materials

• Biobased products: Lindar’s single-serve 

and Simply Secure packaging are also 

o� ered in Good Natured bioplastic (PLA) 

materials, which are biodegradable, reduce 

carbon emissions and minimize the release 

of hazardous chemicals into the environ-

ment. Says Fosse, “PLA posed some pro-

cessing challenges but we overcame them.”

 •  Lenticular lens extrusion: Extrusion of lenticular optical lenses in 

plastic sheet creates a parallax—making an object’s appearance 

change when seen from di� erent positions. Optica-brand products 

reportedly provide vivid, 3D-motion graphic images, creating eye-

catching labels for use on salad containers, cereal boxes and other 

consumer products.

RETAINING AND EXPANDING WORKFORCE
Lindar prides itself on the retention of its workforce, with several 

veterans from the company’s beginnings still on board and � our-

ishing. Training is an ongoing process as new equipment and/or 

materials are brought in.

Fosse concedes, however, that � nding good people has been a 

problem for quite some time, as attested by others in the industry. 

“We try to make this a better place to work and help people step up 

through training, particularly in automation. We also work with 

local technical schools, where we aim to get across that today’s 

manufacturing is not the manufacturing of our  parents, with tech-

nology that makes it a more exciting venture worth exploring.” 

Custom thermoforming 
makes up the commercial 

and cut-sheet division, 
ranging from cut sheet up 

to ½-in. thick to heavy- 
gauge 4 x 8 ft parts.

Roll-fed, thin-gauge thermoformed food packaging 
boosted Lindar’s capabilities and offerings.
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True, it can be tough to take a machine out of 
production, but a purging maintenance program 
should be thought of as a direct line to cost savings.

Be Proactive in 
Your Purging Program

Plastics processors realize that purging is a necessary evil and that 

every moment of downtime translates into lost pro� ts. This raises 

the obvious question of “how to be proactive” 

in eliminating black specks, carbon buildup 

and degraded resin, and minimizing the need 

to stop production. Understandably, it is di�  cult to convince any 

processor to break into a production run to perform a purge cycle. 

However, controlling the issues is the ultimate goal and requires a 

program that is proactive rather than defensive.

Creating resin degradation or carbon 

buildup is directly related to process 

conditions, equipment and materials 

that determine the approximate time in 

the process that degradation takes place. 

Scheduling a purge to break that cycle prior to the event is the 

most logical approach to a successful purge program.

PRIMARY CAUSE OF CARBON BUILDUP
Most often, the course of purging begins with an existing issue 

that has manifested in a speci� c area of the screw. Contamination 

is the result of layers of resin degradation that develop into a 

buildup in dead spots or negative-� ow areas of the screw. As the 

process continues, the degradation forms layers that become a 

black or discolored, glass-like substrate that grows more solid, 

collects and retains heat, and attaches more securely to the metal. 

Despite the common perception that purging with resin or 

continuing through production will remove or dislodge such 

accumulations, this approach only multiplies the buildup 

process. Typically, this creates a situation where the degradation 

area swells into the positive-� ow area and releases the contami-

nation into the resin � ow, creating black or discolored particles 

that begin to appear in the part.

Color and additives may be a contributing factor, as well. Color 

introduced to the resin contains pigment particles, each with indi-

vidual characteristics that respond to temperature, shear, and melt 

� ow. These pigments are typically selected by the color supplier for 

their compatibility with a resin system, process and part application. 

By Brian K. Cochran
Britec Solutions Inc.

QUESTIONS ABOUT PURGING?

Visit the Purging Zone

Pits or cavities on the screw or grooves in the barrel, no matter 
how small, become gathering points for resin degradation.

Color chips 
illustrating 
purge cycle.
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However, pigments are free-� owing particles, and although 

they are stable for the speci� c process temperature, once these 

pigments get entangled in the negative-� ow area of the screw, 

they become exposed to continuous elevated temperatures that 

may change their actual color appearance. As they break loose and 

travel into the melt stream of the polymer and blend with unal-

tered pigment particles, they create an obvious distortion of the 

intended color, generating part rejects.

Other contributing factors to degradation buildup are 

screw and barrel wear. Pits or cavities on the screw or grooves 

in the barrel—no matter how small—become gathering points 

for resin degradation. Once resin is deposited and becomes 

idle, it is exposed to resident heat 

and begins the degradation cycle that 

results in carbon buildup. Once these 

deposits swell outside of the void area, 

they release into the melt stream as a 

contaminant, polluting the aesthetic 

appearance of the plastic.

This process then develops into a 

progression of incalculable conditions 

that chronicle something like what is 

shown in Fig. 1.

This scenario relates to two-thirds 

of the cycle being associated with cost and only one-third 

generating pro� ts. Although these ratios may vary, this situa-

tion most often relates to unpredictable production downtime, 

impulsive resin losses (since the common perception is to run 

more resin in attempt to remove or release contamination), 

and idle production resources. 

Obviously, the most rational approach to reducing downtime 

associated with carbon buildup is to interrupt the process and 

break the cycle of degradation. The next question is, “When is the 

right time to break into production?” Unfortunately, there is no 

one answer for all situations. Because there are so many process 

variables involved in injection molding, extrusion and blow 

molding, it is di�  cult to employ a generic program.

For this reason, it is important for the processor to communi-

cate with their purge product supplier to develop a pilot program 

that sets the foundation for an e�  cient preventive-maintenance 

program for purging related to the process, equipment and culture 

of the facility. Most manufacturers or distributors of commercial 

purging products have the technical resources gathered by testing, 

past experience or case studies to pass along to plastics processors.

Implementing a planned preventive-maintenance program 

(PPMP) requires discovery; due to the many variables involved, 

there is some degree of trial and error. Determining the 

frequency of breaking into production to eliminate contami-

nation buildup can typically be implemented on a weekly 

basis, evaluated, then adjusted based on results. This can be 

done concurrently on multiple machines for a trial period, 

then adjusted based on the results of that process. Building 

an e� ective PPMP will require continuous improvement, an 

understanding of what purge products to use, collecting and 

analyzing data, and making adjustments accordingly.

Understand that the types of purging compounds—chemical, 

mechanical and hybrids—are just like tools in a toolbox. It is 

highly unlikely that a screwdriver would be used as a hammer or 

a wrench used to remove a nail. The same is true with purging 

compounds: Each product has an intended and best-use appli-

cation. A PPMP begins with determining what tool to use and—

more importantly—when to apply it in the process.

A typical PPMP for injection molding most often begins 

with the plasticating unit of the equipment and transitions 

into the mold/hot runner. A mechanical purge compound 

is used to scrub or scour the barrel and screw, followed by 

incorporating a chemical or synergistic purge compound into 

any manifolds or hot-runner systems. Integrating a purge 

into shutdown and startup of production to maintain a clean 

screw and barrel is a large part of a PPMP and is highly recom-

mended. This practice most often produces an immediate 

reduction in the contamination buildup cycle and generates a 

positive starting point for the PPMP. 

Figure 2 demonstrates a vast reduction in downtime asso-

ciated with contamination issues related to degradation and 

carbon buildup with a PPMP in place. 

A PPMP 
begins with 

determining 
what tool 

to use and 
more impor-
tantly when 

to apply it in 
the process.

Avoid the common impulse to just keep running more resin 
through the machine to remove or release contamination. 
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compound that combines the key features of 

both mechanical and chemical agents. The 

purge began with the screw and barrel, then 

transitioned to the hot-runner mold system 

before returning to production. 

Another purge cycle was implemented for 

each color change, using both purging grades.

In addition, a purge cycle was employed each 

Friday at the end of shift to seal the barrel and 

screw, again using the hybrid grade. After imple-

menting this PPMP with these two compounds, 

part rejects were reduced to less than 1%, resin 

consumption was reduced by 56% and machine 

downtime was cut by over 67%. 

This and other case studies show that 

a PPMP produces signi� cant reductions in 

downtime, cost savings in resin and color 

consumption, increased production numbers, and improved 

e�  ciencies for plastics processors. 

In a recent case study completed by Britec Solutions, an injec-

tion molder in Ohio was experiencing excessive downtime due to 

black specks and other contamination issues on a PP food-storage 

container. Color concentrate was used to tint the containers in a 

variety of translucent colors on a 750-ton press with a multi-cavity 

hot-runner mold. Resin usage was 40% higher than required—

representing a waste of 13,360 lb through futile attempts at purging 

with natural resin—and part rejection was reaching levels of 12%. 

A PPMP that consisted of an initial purge cycle on the barrel 

and screw using a mechanical purge compound designed to 

scrub and remove stubborn carbon buildup was performed at 

the onset. After three 24-hr shifts, production was interrupted 

for a 16-min purge cycle using a di� erent grade—a hybrid purge 

ABOUT THE AUTHOR: Brian K. Cochran is president of Britec Solutions 
Inc., Tyler, Tex. With more than 35 years of experience in the plastics 
industry, Cochran is a technical developer specializing in milling equip-
ment for pigment particle-size reduction and distribution, and also 
a Plastics Engineer with extensive experience in plastics processing, 
formulation of pigment carrier systems, purge compounds, plastic addi-
tives and color technologies. Prior to Britec Solutions, Brian was founder 
and president of Polytech Color and Compounding, a manufacturer of 
color concentrates, liquid color and specialty compounds in Ontario, 
Calif. He founded Britec Solutions in 2010, primarily as a consulting and 
product-development � rm. Since 2019, Britec has been supplying its own 
line of liquid colorants and additives and BritePurge purging compounds. 
Contact: 903-707-7471; brian@britecsolutions.com; britecsolutions.com.

FIG 1 Unscheduled Purges 
  Cost Money

Cases in which purging is not 
planned on a preventive basis 
often results in only one-third 
of the cycle generating pro� t.

FIG 2 Preventive Purging 
  Cuts Downtime

A  vast reduction in downtime 
associated with contamination 
issues related to degradation 
and carbon buildup can result 
with a PPMP in place.
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Low-cost and easy-to-program collaborative 
robots are a new solution to bottle handling, 
trimming and packing automation.

What ‘Cobots’ Can Do 
for Blow Molders

Collaborative robots are providing new opportunities to free 

workers from repetitive tasks in blow molding operations, while 

also allowing manufacturers to increase 

output and quality. “Cobots” o� er the 

versatility of a traditional six-axis robot, 

but bring additional advantages in terms of signi� cantly lower 

cost and complexity as well as the ability to work safely in prox-

imity to humans without guarding. New blow molding systems 

are using cobots in production equipment as well as in � nishing, 

packaging and palletizing applications.

WHY COLLABORATIVE ROBOTS?
Collaborative robots are named for their ability to work safely in close 

proximity to humans (with a proper risk assessment) and other 

equipment. This collaborative nature allows humans to share the 

cobot’s work area for upstream or downstream operations, such as 

quality inspection or other tasks that require human dexterity or 

decision making. Because cobots can easily interact with other 

machinery and robots, they are often more productive than using 

either conventional robots or human operators alone. In fact, a study 

completed by MIT for the Financial Times of London concluded that 

the combination of cobots and human 

operators delivers 85% more productivity.

Blow molders are now looking into 

cobot automation to take over manual 

tasks they simply can’t sta� . With 

record-low unemployment rates, we’re 

seeing companies consider automation 

more than ever before. The National 

Association of Manufacturers’ (NAM) 

latest Outlook Survey con� rmed that 

� nding skilled workers remains one of 

the top challenges for manufacturing 

executives today. And the Society of 

Manufacturing Engineers (SME) reports 

that 89% of manufacturers are having 

di�  culty � nding skilled workers.

This situation does not appear likely 

to improve anytime soon, with 10,000 

baby boomers retiring every day and 

younger generations skeptical about 

By Joe Campbell
Universal Robots, USA

Proco Machinery has developed packaging systems for blow molding, like this Half 
Cube Palletizer, with Universal Robots cobot arms to reduce the handling of containers, 

simplify operation, and enhance ef� ciency with a small footprint and fast ROI. 
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jobs in manufacturing. Asked how they were addressing the skills 

shortage, manufacturing executives’ responses to the NAM survey 

ranged from assigning more overtime (70.3%), relying more on 

temporary sta�  ng services (57.7%), and encouraging possible retirees 

to stay longer in their roles (30.7%)—all strategies that adversely 

impact the bottom line. An additional 28.8% reported they had to 

turn away new business or had lost revenue opportunities because 

of workforce constraints—ones that cobots can help address.

When properly implemented after a risk assessment, cobots 

typically don’t require the heavy, expensive, and bulky safety 

guarding that is associated with conventional robots. Lightweight 

and easy to set up and 

program, cobots are often 

treated as a manufacturing 

tool, moved from machine 

to machine as the produc-

tion mix and schedules demand. Cobots have been mounted on 

rolling bases or carts and wheeled into position for short runs.

Other installations use magnetic bases or a high-precision 

collet mounting to enable cobots to be moved from machine to 

machine. With a small footprint and no bulky safety guarding, even 

� oor- or pedestal-mounted installations can free up � oorspace. 

Cobots are also being incorporated directly into blow molding 

equipment cells because of their compact size and � exibility.

Ease of programming is another key reason for incorporating 

cobots, with easy setup and interfacing to molding machines and 

other peripherals, as well as easy redeployment for new produc-

tion needs. With no special software language to learn, employees 

with no prior robotics experience are successfully implementing 

cobots. That makes operating costs low enough that collaborative 

automation is within reach for small and medium-sized opera-

tions. In addition, “libraries” of pre-certi� ed peripherals such as 

grippers and vision systems dramatically simplify what until now 

could be a complex automation initiative.

COBOTS IN BLOW MOLDING
BBM of Germany recently demonstrated at the K 2019 show a new 

all-electric, shuttle-type extrusion blow molding machine for 

stackable jerrycans (see Jan. ’20 show report). Installed inside the 

machine is an integrated six-axis collaborative takeout robot. The 

cobot (from Universal Robots) transfers parts to a trim station, 

laying them down for a 

vertical punch, which 

makes the � ash easier to 

collect than if con-

tainers were left upright 

with a standard horizontal de� asher. Afterward, the cobot places 

containers upright on a conveyor. BBM cites ease of programming 

as one advantageous feature of the cobots.

Collaborative robotic systems are also seeing strong growth in 

blow molding due to the need for greater e�  ciency and automa-

tion downstream within the packaging line. Proco Machinery Inc. 

has developed packaging systems with collaborative robot arms 

to reduce the handling of containers, simplify operation, and 

enhance e�  ciency, all with a small footprint and fast ROI. The 

compact Proco Case Packers and Proco Half-cube Palletizers handle 

QUESTIONS ABOUT BLOW MOLDING?

Visit the Blow Molding Zone.

Blow molders are now looking into cobot automation 
to take over manual tasks they simply can’t staff.

At K 2019, BBM demonstrated a new all-electric shuttle blow molder for stackable jerrycans. Inside the machine, 
a Universal Robots six-axis cobot transfers parts from the mold to a trim station, laying them down for a vertical 
punch, which makes � ash easier to collect than if containers were left upright with a standard horizontal de� asher.
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Joe Campbell is senior manager of applica-
tions development for Universal Robots North 
America. He has 35+ years’ experience in 
robotics and factory automation. Prior to joining 
Universal, Joe was v.p. sales & marketing for 
Swiss-based gantry-robot and track manufac-
turer Gudel. Previous assignments included 
executive roles in sales, marketing, operations 
and customer service with industry leaders such 
as ABB, Kuka, AMT and Adept Robotics. Contact: 
joca@universal-robots.com; universal-robots.com.

blow-molded containers at a signi� cantly lower 

cost than conventional automation. By using 

collaborative robots, these systems can be placed 

alongside workers in constrained spaces such as 

assembly lines. Once again, these cobots 

require minimal training and are � exible 

and easy to redeploy for short runs.

Proco’s Half-Cube Palletizer system, 

powered by a six-axis Universal Robots UR10 

collaborative robot arm automatically pallet-

izes blow molded containers with minimal 

operator involvement at half the cost of 

conventional automation. With a reach of 

51.2 in. and a payload of 22 lb, the UR10 cobot 

is well suited to palletizing containers.

The UR10 also powers Proco’s Robo 

Packer case packer, which is an integrated 

packaging module that also includes infeed 

conveyor and box conveyor, all mounted 

onto a sub-frame that can be quickly moved 

into position, set up, and put into produc-

tion. The compact unit � ts between blow 

molding lines for pick-and-place, assembly 

and packaging applications. The cobot can 

package bottles inside a box or on trays 

in con� gurations such as necks up, necks 

down, alternating rows of necks up and 

down, or lay� at of bottles inside the box.

ADVANTAGES OF AUTOMATION, 
WITHOUT THE COSTS 
Collaborative automation o� ers all the 

expected advantages of traditional robots, 

including increased output through round-

the-clock operation, improved consistency 

and quality, and reduced scrap. But with 

reduced or eliminated costs for safety 

guarding and programming and imple-

mentation, and project schedules mea-

sured in weeks not months, cobots bring 

those automation advantages to blow 

molding at about half the cost of conven-

tional robots, and routinely deliver ROI of 

less than 12 months. 

Complete Blown Film 
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& High Performance
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ALPINE AMERICAN
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Proco Machinery’s Robo Packer for bottles 
has an integrated UR10 cobot. The case 
packer is an integrated packaging module 
that also includes infeed conveyor and box 
conveyor mounted onto a movable sub-frame. 
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It’s a relatively simple idea: take strands of glass � ber, cut them to length and feed them into the 

barrel of an injection molding machine, where they mix with neat resin before the resulting 

compound is injected into a mold. Fiber-direct compounding (FDC) has 

been a recognized alternative to molding pre-compounded long-glass-

� lled materials since at least 2012—one that can lead to better properties 

and cut costs. So why hasn’t it caught on?

Well, to begin with, it’s not like a molder can just buy the necessary equipment and easily 

start competing for long-glass-� ber applications. The process is designed to make tough, tech-

By Manuel Woehrle
Arburg

Despite its bene� ts in cost, performance and 
lightweighting, � ber-direct compounding (FDC) has 
seen relatively limited adoption—is that changing?

Time for Another Look at 
Fiber-Direct Compounding 
for Molding

Deller 
plastics 

cable-drive 
housing 

component 
(top right) 

and the 
ashed part 

showing 
glass � bers.
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nical parts—automotive is the primary target market—often as a 

replacement for metal, so these components must be designed 

with the process in mind. This means key decisions need to be 

made in the design stage and must involve collaboration up 

and down the supply chain. Despite this challenge, there are 

commercial FDC applications in Europe, and several U.S. compa-

nies are looking seriously at the technology.

Consider deller plastics of Breckerfeld, Germany. This injec-

tion molder and moldmaker used FDC to make housings for a 

cable-drive unit used in automo-

tive power windows (see photo 

opposite). Deller plastics had 

been using pre-compounded 

polypropylene (PP) with 30% 

glass but switched to Arburg’s 

FDC system in February 2018. 

It immediately reduced its 

material costs by almost 40%. 

Then, by feeding 11.2-mm glass 

to the process, deller was able to 

increase the length of the glass 

� bers in the molded part by about 

50% compared with the compounded material. This precisely 

matched product strength and stability requirements. With the 

higher strength, the customer was able to design thinner wall 

sections, reducing total material use and cutting weight—a 

critical objective for automakers. 

Nils Braselmann, along with his brother, Jann, and father, 

Uwe, runs the deller plastics family business, founded in 1959. 

Application of FDC helped keep the German company competi-

tive in the global arena. “Following implementation of the FDC 

process, we were able to continue production in Germany, while 

remaining internationally competitive,” Braselman says. “We 

reduced our product and manufacturing costs to such an extent 

that we were able to o� set our global logistics expenses.”

An FDC system involves an otherwise standard injection 

molding machine fitted with a modified barrel and a special 

two-stage screw, plus a servo-electric side feeder with inte-

grated cutting device.

In operation, continuous glass rovings are fed to the cutter, 

with the number of blades determining the length of the rein-

forcements. Fibers can be cut up to 50 mm long in theory, but 

33.6 mm has been the maximum used so far. Cut � bers are fed 

through a port in the machine’s barrel, where they are incorpo-

rated into the melt. The � rst stage of the screw plasticates the 

resin while the second stage mixes in the glass and homogenizes 

the compound before injection. 

With the higher 
strength, the 

customer was able 
to design thinner 

wall sections, 
reducing total 

material use and 
cutting weight,a 
critical objective 
for automakers.

QUESTIONS ABOUT INJECTION MOLDING?

Visit the Injection Molding Zone.

FDC side 
feeder 
with cutter 
mounted on 
a modi� ed 
barrel. 

Brose cable-drive housing component (right) 
and the ashed part showing glass � bers.

Process Material % of Part 
Weight

Material 
Cost/lb

Part 
Cost/lb

Pre-compounded 
resin PP LGF 30 100% $1.25 $1.25

FDC PP 67% $0.75 $0.50

Glass 
roving 30% $0.64 $0.19

Bonding 
agent 3% $1.80 $0.05

Total $0.74

Cost 
bene� t/lb $0.51

40%

Cost of Molding an Actual Part 
Using FDC vs. Compounded PP
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IMPROVED MECHANICAL PROPERTIES
The most important reason for using fiber-reinforced plastics 

is their greater mechanical load-bearing capacity, which is not 

temperature-dependent. Distortion, creep and energy absorp-

tion are similar to those of metals, but with the benefits of 

thermoplastics.

The most signi� cant factor in increasing 

strength and toughness is the length of glass 

� bers (Fig. 1). While almost any glass reinforce-

ment will deliver an immediate increase in 

rigidity, a truly noticeable e� ect on strength and 

toughness is achieved only when � bers in the 

� nished part reach and exceed a length of 1 mm. 

In reality, it is extremely di�  cult to predict 

the length of � bers in the � nal part because the 

length will depend on several factors (Fig. 2). 

Material characteristics such as melt-� ow rate 

and process parameters like screw speed and 

backpressure during plasticating are especially 

important, but so is injection speed. The hot-

runner system also has a big in� uence on the 

� ber length. In fact, the 

part, mold and hot-runner 

system should all be 

designed with long � bers 

in mind. This means, for 

example, that large-diam-

eter hot runners, smooth 

transitions and large gates 

are all very important. 

Depending on applica-

tion requirements, each 

of these elements must be 

considered carefully.

In the end, the advantages of the side-

feeding FDC approach are especially evident 

when examining the length of the � bers that 

can be incorporated in the � nal part. Figure 3 

compares the � nal � ber length using FDC versus 

long-� ber granulate in a PP airbag housing.  

When a conventional pre-compounded long-

� ber material is used, only about 30% of the 

� bers are longer than 2 mm. With FDC, feeding 

16-mm � bers, the percentage of � bers that are at 

least 2-mm long increases to about 50%.

Clearly, when there is less damage to the 

� bers during melt preparation, the strength 

of the components increases signi� cantly. 

Properties can be controlled in a more targeted 

way through custom adjustment of � ber 

length, � ber content and material combina-

tions. For instance, if a glass loading of 23% meets performance 

requirements, then that exact loading can be achieved simply 

by adjusting the glass feeder settings. It is not necessary to buy 

custom compounded pellets or choose between standard 20% or 

30% glass-� lled materials. 

The part, 
the mold 

and the 
hot-runner 

system 
should all 

be designed 
with long 

� bers in 
mind.

FIG 1 Fiber Length Impact on Mechanical Properties

FIG 2 Fiber Damage Points in Injection Molding

FIG 3 Final Fiber Length in FDC vs. Long-Fiber Granulate  
             for PP Airbag Housing

Rigidity, strength and toughness all increase dramatically 
when � ber length exceeds 1 mm in the � nished component.

Fibers can be shortened at various points during molding.

FDC ensures that longer � bers � nd their way into the � nished part.
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HYBRID PROCESSING WITH FDC
Fiber direct compounding was developed for use on conventional 

injection machines. However, it can also be used in combination 

with thermoplastic composite sheet to achieve exceptional 

strength-to-weight ratios.

One such high-strength, 

lightweight composite appli-

cation is an automobile brake 

pedal (photo below). In order 

to increase the strength and 

rigidity of the component, 

two thermoplastic composite sheet sections of di� erent thicknesses 

are inserted into a single-cavity mold, where they are formed and 

overmolded using FDC to add reinforcing ribs and other functional 

details. The whole process is automated using a six-axis articulated-

arm robot to insert the sheet and remove the � nished part.

The composite sheets raised the failure threshold when a 

load is applied by 117%, compared with FDC alone. A comparison 

with metal parts indicates a signi� cant weight bene� t too. The 

same part made from metal weighs 533 g, while the composite 

pedal weighs only 202 g. The di� erences become even more 

pronounced in the production process. The tested, ready-to-use 

composite part is produced in just 50 sec, while it takes several 

days to produce the same part in metal.

Better physical properties, lower costs and the � exibility 

to tailor glass length and content to exactly match application 

requirements—these are just some of the reasons why � ber-direct 

compounding deserves a closer look.  

LOWER COST
As deller plastics discovered, FDC can dramatically reduce mate-

rial costs in glass-� lled parts. Neat polymer is considerably less 

costly than reinforced pre-compounded resin, and bulk glass 

roving is quite inexpensive 

too. Only a small amount of 

a bonding agent is needed 

to ensure the plastic 

adheres to the glass � bers. 

In some cases, a colorant 

can be added to the bonding 

agent, simplifying the feeding process. Of course, actual costs 

will depend on the region in which the purchases are made and 

the amount of material purchased, but the table on p. 59 com-

pares the cost of molding an actual part using FDC versus com-

pounded PP.

LIGHTER WEIGHT
Another one of the � rst adopters of the FDC process was ROS 

GmbH of Coburg, Germany. In 2012, the company was also 

molding a cable-drive housing for Brose, a global automotive 

supplier. This component, however, was molded in glass-rein-

forced PBT, a relatively expen-

sive material. “At that time,” 

recalls Ste� en Tetzla� , ROS’s 

managing director, “we were 

thinking about potential ways 

of lowering our manufacturing 

costs. Because we had already 

exploited most of the mold 

technology possibilities, we 

examined the material costs in 

greater detail and recognized 

that FDC would o� er us signi� -

cant bene� ts.”

ROS began evaluating the 

idea of replacing the PBT with 

PP and 30% glass � ber. The 

quality requirements were high. In addition to dimensional 

stability, strength was an especially important factor, requiring 

50% of the glass � bers to be at least 1 mm long. 

The results speak for themselves. The cable-drive housings, 

which measure 7.87 × 3.9 in. and weigh 1¾ oz, were made of 

30% glass-reinforced PP. They exhibit toughness, strength and 

rigidity comparable to the PBT version, but they are up to 30% 

lighter and can be produced with a shorter cycle time of just 

33 sec. In recognition of this achievement, Brose awarded ROS 

for implementation of innovative ideas in 2017. ROS produces 

about 1.5 million fiber-reinforced parts each year on its FDC 

machine.

ABOUT THE AUTHOR: Manuel Wöhrle, Arburg senior sales manager, 
Lightweight, has worked for Arburg in Germany since 2003. As part of 
the Turnkey department, he was initially responsible for designing and 
coordinating complex automation projects. Since 2015, he is the central 
point of contact for lightweight construction and is leads the sales team 
in that department. Contact: contact@arburg.com; arburg.com.

The ready-to-use composite part is produced 
in just 50 sec, while it takes several days to 

produce the same part in metal.

Two Composite 
Sheets of  Different 

Thicknesses as Inserts

Automotive brake pedal, molded with FDC and thermoplastic 
composite inserts, saw failure threshold increase by 117% vs. 
FDC alone, while weight dropped to less than half that of metal.

Functional and 
Reinforcement 

Elements 
Through FDC
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New Software 
Allows Real-Time 
Remote Access
Starlinger has introduced software that allows the 
operator to centrally monitor the complete recycling 
plant in real time—via a computer, the smartView app, 
or on a monitor in the production shop. New GRAFiT 
4.0 presents the data of all connected machines in 
real time for early detection, analysis and correction 
of errors. Starlinger says that in the future, the GRAFiT 
software will be geared towards machine learning, so 
that the system can be trained to detect errors at an 
early stage.

The system is available for the complete Starlinger 
product range, but machines of other manufacturers 
can be integrated as well by means of standardized 
interfaces. Features include push noti� cations, recipe 
storage, and export of data to an ERP system. Online 
tutorials are available for operator training.

      RECYCLING

   RECYCLING

New Developments in PP Labels 
Containing PCR
Avery Dennison is working with Sabic on supplying a recycled 
polypropylene label � lm. PP labels are widely used in food, 
cosmetics, and a variety of other segments, so improvements in 
this area can make a major contribution to sustainability, Avery 
Dennison states. The new material is food-contact approved, and 
reportedly offers the same properties as standard PP � lm.

The new 
material is made 
via pyrolysis 
chemical recy-
cling of mixed 
post-consumer 
plastics waste 
(PCR). The joint 
pilot project 
will make this 
material avail-
able during 2020. 

In a related 
development, 
Finland-based UPM Ra� atac recently released its PE PCR white TC 
85 label material, made with 30% PCR from household waste and a 
minimum of 55% post-industrial (PIR) plastic. PE PCR white TC 85 is 
available in Europe for home-care and personal-care markets. 

As one of the signatories to the Ellen MacArthur Founda-
tion’s New Plastic Economy Global Commitment, UPM Ra� atac is 
committed to offering labeling solutions with recycled content. 
Legislation in the European Union sets goals to increase recycling 
to cover more than 50% of the EU’s plastic waste and make all 
plastic packaging reusable or recyclable by 2030.

Sesotec extends its range of free-fall metal separators with the Rapid Pro-Sense 6. This system is opti-
mized for plastics applications, especially for pellet and compound producers. The model reportedly 
features a high detection accuracy and provides protection against metal particles, and the logbook 
function allows full traceability. It also is suitable for applications involving abrasive material.

Rapid Pro-Sense 6 is characterized by an aperture size ranging from 50 to 250 mm that can be 
adapted to customer requirements, and features a wear-resistant design—for example,it does not 
contain any product-contacting seals that might come loose.

Rapid Pro-Sense 6 allows tool-free cleaning. The metal separator is suited for compound producers 
who need frequent color changes and/or short cleaning intervals. Optional washing nozzles allow 
water cleaning of the interior. Short cleaning time is said to increase uptime. The unit is equipped 
with an Ethernet interface and is “IoT-ready.”

     RECYCLING

New Free-Fall Metal Separator
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Kreyenborg of Germany (represented here by eFactor3) says its IR-Clean 
system offers an alternative for cleaning post-consumer materials and direct 
decontamination of PET—without use of vacuum. The system is a further 
development of the company’s Infrared Rotary Drum (IRD) used in crystal-

lization and drying of post-consumer PET 
bottle � akes.

Good decontamination results report-
edly have been shown in tests together 
with the Fraunhofer Institute for Process 
Engineering and Packaging IVV. The U.S. 
FDA has issued a Letter of Non-Objection 
on the basis of these values. Depending on 
use, this technology can also be used for 
processing up to 100% PCR under regula-
tions of the European Food Safety Authority 
(EFSA).

The functional principle of the IRD is based on the low mass of material in 
the process and continuous movement of the material, which ensures a contin-
uous surface exchange of the material to be treated. With direct heat input 
from infrared light, which generates high temperatures in a few minutes, the 
IR-Clean reportedly doesn’t require expensive and high-maintenance vacuum 
systems. IR-Clean, combined with a downstream desiccant air drier, gives � nal 
moisture values <50ppm.

Advances in Direct PET Decontamination

New PE Grades Made With PCR
Ineos Ole� ns & Polymers and Italian recycler 
Forever Plast SpA have developed a range 
of new polyethylene grades made with 50% 
post-consumer bottle caps. Ineos claims that 
this Recycl-IN line mirrors virgin bottle-cap PE 
grades and works with injection molding and 
compression molding machines. 

In October 2019, Ineos introduced Recycl-
IN compounds containing recycled plastics 
for rigid and � exible non-food-contact 
applications. Now, Ineos is expanding the line 
into the PE non-food caps market. Over the 
next � ve years, an estimated 6.5 billion bottle 
caps will be diverted from the waste stream 
for use in this new line.

Continuous-Fiber TP Composites from 
Recycled Polycarbonate
Lanxess subsidiary Bond-
Laminates is developing 
a new version of its Tepex 
continuous-� ber reinforced 
thermoplastic composite 
sheets. Half of the resin 
matrix for the new semi-
� nished products consists 
of recycled large, reusable 
polycarbonate water 
bottles. Primary target 
applications include laptop 
covers and housings for smartphones, tablets, e-books and cellphones. The 
company also foresees these new composites being used in sporting goods 
and automotive components.

     RECYCLING
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Magnetized Elevation Pads Simplify Support of Molds & Machinery

     INJECTION MOLDING

     INJECTION MOLDING

Rhino Feet are a new offering from Molders Choice to support heavy objects such as molds, 
machines, toolboxes, cabinets, benches and tables. Produced by Rhino Products, these 
magnetized elevation pads are plastic with a molded-in magnet to stick to ferrous-metal 
objects. The bottom side has a molded steel insert to allow the feet to stack for easy storage.

Rhino Feet come in sizes from 2 in. to 4 in. tall, and a mini version is coming soon. Safe 
workloads range from 630 lb to 7000 lb. Uniform size eliminates the need to match the 
height of random wood blocks or pallets from around the shop. In addition to making it 
convenient for forklifts to access objects, Rhino Feet facilitate assembly and disassembly of 
injection molds by keeping ejector pins organized and protected.

Two-Platen Line 
with Wider Platens
Yizumi-HPM Corp. has launched the DP-N-WP 
wide-platen series of two-platen servo-
hydraulic injection machines. The series 
initially includes � ve models of 770, 990, 1200, 
1650 and 2000 tons with 15 available injection 
units. For the 770-ton machine, the platens 
measure 61.4 × 59.8 in., while for the 2000, 
they are 105.6 × 100.1 in. 

The series also offers larger tiebar spacing, 
longer clamp strokes, bigger maximum mold 
heights and increased mold weights. 
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A U.S. molder involved in beta testing the new portal reports that he 
especially appreciates the online parts-ordering function in the Shop 
app. “What used to require some research and a phone call or two now 
can be completed in about 5 minutes. We used to have to call or email 
to get availability and pricing, then get a quote and cut a purchase 
order. But now it takes just a few mouse clicks to order parts.”

Besides the free Basic package, the portal offers additional 
fee-based functionality in Premium, Premium Plus, and Connect 
packages. For instance, the enhanced Machine Center app includes 
extended documentation for each machine—digital records of 

machine features, service reports, acceptance protocols, etc.—all 
stored under customizable machine designations. The enhanced 
Self Service app includes assisted problem analysis with Arburg 
expert guidance to lead the user through a problem-solving 
process and links to machine manuals.

Other apps available in the fee-based packages include Virtual 
Control, which simulates the Arburg machine controller so that users 
can create setup programs and optimize processes without taking a 
machine out of service. It also facilitates of� ine training of employees.

Machine Finder is a con� guration app that helps molders deter-
mine the appropriate machine size and features for a particular 
product, material and process conditions.

Machine Dashboard displays key performance indicators 
(KPIs) for connected molding machines.

Free Customer Portal Offers Parts Ordering & Service Assistance
The K 2019 show last October marked the global availability in 18 
languages of the arburgXworld customer portal to all owners of 
Arburg injection machines (see Sept. ’19 show preview and Jan. 
’20 post-show report). This new digital service had been available 
in Germany since March 2019. It allows users to order spare parts, 
schedule and manage technical service, and access other features 
that address a wide range of plant operations and other tasks.

The basic arburgXworld (pronounced “Arburg’s world”) portal 
includes four free apps:
 •   Machine Center maintains machine-speci� c data (model, machine 

number and delivery date) for a molder’s entire � eet of Arburg 
machines. Users also have easy, centralized access to operating 
instructions and a spare-parts list for machines built since 2017.

 •   Service Center makes communicating with Arburg quicker and 
easier when support or service is needed. Customers can open 
a service ticket, submit supporting information and photos, 
check ticket status, and access documented service history.

 •   Calendar helps manage scheduled service and download 
appointments to the user’s personal calendar.

 •   Shop gives molders access to spare-parts catalogs, including 
exploded-view and 3D drawings; allows users to review pricing 
and availability; and instantly places orders 24/7.

 •   Self Service allows users to analyze machine errors themselves 
simply by entering a problem description or error code, for 
which the system suggests causes and solutions.

    INJECTION MOLDING

Portable Chiller Line 
Expands with 30-Ton Unit
Thermal Care has extended its range of 
Accuchiller NQV portable chillers with 
variable-speed compressors to include 30-ton 
units. The NQV monitors the heat load and 
adjusts the compressor speed so that the 
chiller only works as hard as the job requires. 
Thermal Care says this design has resulted in 
energy savings of up to 51% compared with 
a conventional portable chiller. According to 
Thermal Care, based on $0.10/kWh power cost, 
ROI ranges from less than 6 mo (8400 hr at a 
process load of 50%) to 2.1 yr (4000 hr at 85% load).

    COOLING
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website today!

800.537.5375
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Manifolds, Pneumatic Lines and 
other common applications
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Engel is updating its e-cap line of all-
electric machines for closure molding. 
Originally launched at K 2010, the new 
e-cap series will feature four sizes—220, 
280, 380 and 420 metric tons. Hydraulic 
ejectors are standard; optional servo-
electric drives use around 10% less energy.

To demonstrate the machine’s 
capabilities, Engel set up a 380-m.t. 
press molding HDPE 29/25 caps from a 
96-cavity mold. With a shot weight of 
1.3 g per cavity, the machine achieved a 
cycle time less than 2 sec.

Engel says the e-cap line was updated 
in response to new demand requirements 
from the market, with still-water caps now 
weighing less than 1 g, while cycle times 
have dropped from 2.5 sec in 2010 to 2 sec 
or less today. To make this possible, the 
new e-cap offers faster mold opening and 
closing and a more stable machine bed 
with a beefed-up frame and platens.

The e-cap 380 has a dry-cycle time of 
1.3 sec, thanks in part to parallel move-
ments for ejection and mold opening. 
Ability to amplify ejectors on demand 

via a switchable hydraulic booster is 
new. This applies to situations where the 
machine has stopped and the ejectors 
have to apply more force to remove caps 
that have cooled down in the mold. 

Engel completely redesigned the 
plasticating unit to handle preferred 
cap materials, including HDPE grades 

with MFI of 
0.8 to 1.4 
g/10 min. 
To achieve 
fast cycles, 
Engel 
increased 
the screw 
torque and 
created 
a new 

barrier-screw design and wear-resistant 
sliding-ring nonreturn valve. Engel 
says the new screw can process high-
viscosity HDPE in a gentle way. Braking 
energy is recuperated, increasing energy 
ef� ciency. The e-cap 380 boasts speci� c 
energy consumption of 0.37 kWh/kg.

Spritzgiessautomaten

Perfect injectio
n unit:

E - Drive
BOY Machines, Inc. | Exton, PA 19341 | E-Mail: sales@boymachines.com





All servo electro-
mechanical 
injection unit.
Join our               
Option!

E – Drive • 
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Updated All-Electric Machines for Caps

Flexible Automation 
for Packaging
Muller Technology Colorado, the former 
CBW Automation, has launched the 
M-Line integrated robot and automation 
system, which offers greater � exibility 
for users, a departure from past systems 
that were highly application/tool speci� c. 

The M-Line, which was jointly devel-
oped by Muller Technology Colorado and 
its sister company, Muller Technology 
Conthey of Switzerland, can accommo-
date various mold types with differing 
cavitation and pitch between those 
cavities, ranging from one to 48 cavities. 
Instead of more rigid automation 
systems that are designed for certain 
molds with speci� ed cavitation, the 
M-Line can adapt to market changes and 
shifting production volumes.

The M-Line has three models suited 
for various injection press sizes—small 
(300 to 500 tons), medium (600 to 
850 tons), and large (850 to 1000 
tons). Muller says the M-Line features 
low-cost, � exible end-of-arm-tooling 
that can be changed quickly. Built on 
a single frame that doesn’t require 
assembly and has a small footprint, the 
M-Line replaces pneumatics with servo-
motors, reducing energy consumption. 
Servomotors, which can have a lifespan 
that’s 10 times that of pneumatics, 
also reduce maintenance. Muller notes 
that using servomotors also creates an 
extended period of accumulation time 
on the conveyor of up to 1 hr, which can 
reduce the number of packers needed. 

Muller designed the M-Line to elimi-
nate vibration of the arm and beam. A 
wireless WiFi-enabled tablet is included 
for setup and troubleshooting. Muller 
reports that seven units have already 
been sold in North America. Applica-
tions currently utilizing the systems 
range from specialty closures to thinwall 
containers and lids. 

    INJECTION MOLDING    INJECTION MOLDING
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WWW.NORDSONPOLYMERPROCESSING.COM

Xaloy® Screw & Barrel Technology
Solutions for Recycling Applications

� Reduce scrap rates and save material costs 
with a custom-tailored Xaloy® screw design

� Prolonged equipment life with proven 
wear technology

� Improve energy efficiency with innovative 
barrel heating technology

Optimized Performance · Improved Product Quality
· Reduced Cost ·

Optimized Performance · Improved Product QualityOptimized Performance · Improved Product Quality

The latest version of Moldex3D injection molding simula-
tion from CoreTech System in Taiwan includes two factors 
intended to increase the accuracy of mold-� lling predictions. 
First, Moldex3D R17, released last year, takes into account the 
compressibility of the melt during screw recovery and injec-
tion. Since the melt acts somewhat like a spring, disregarding 
this factor will result in a gap between the simulated and 
actual � ow rates through the nozzle, runner and mold.

Second, conventional CAE predicts melt � ow through the 
tooling based on settings for injection speeds, without consid-
ering the machine response—i.e., the response speed of the 
control loop to attempt to satisfy the speed settings throughout 
the injection pro� le. CoreTech offers instructions on how to set 
up and conduct experiments to quantify the machine response, 
and the new version of Moldex3D lets users set the � lling speed 
and pressure response as part of the simulation parameters.

The accompanying graph shows the difference in simula-
tion based on standard CAE inputs alone vs. the results of 
actual experiments and Moldex3D with melt compression and 
machine response (“machine integration”) included.

    INJECTION MOLDING

Simulation Factors in Material 
Compression and Machine Response 
During Injection
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New Extruder Line for 
Medical Applications
US Extruders has introduced a new series of extruders for 
the medical market. The new Med-Ex line was introduced at 
the Plastec West show in February in Anaheim, Calif. The line 
comes in four iterations:

Med-Ex Elite: Key features (photo, far left) include easy-to-
swap barrels (0.5 to 1 in.); stainless-steel surfaces that can 
be easily wiped down; easy-open and -close toggle clamps; 
temperature range to 900 F; precision servomotor; corrosion-
resistant design option; clean wire management; and virtual 
pressure measurement.

Med-Ex Elite Flex: In addition to the above, it features 
(photo, second from l.) swappable barrels (0.5 to 1 in. or 0.75 
to 1.25 in.) and low-pro� le casters with integral jacking pads.

Med-Ex Compact: Special features (photo second right) 
include a slim panel design, gearless direct drive; and clear-
covered plug plate.

Med-Ex Classic: Key features (photo right) include an 
economical design; easy open and close toggle clamp; base-
mounted cabinet; and air or water cooling.

Extruders can be equipped with the � rm’s ProControl 
Medical touchscreen control offering recipe management, 
data acquisition, reporting, and alarm analytics.

    EXTRUSION
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•  Full servo robots and pneumatic sprue pickers for molding machines 40 to 4,000 tons
•  Custom downstream automation
•  High-quality end-of-arm tooling

Molders, transform your operations with  
efficient automation that drives productivity.

“Affordable automation has helped Hammond strengthen our competitiveness, 
improve our quality and achieve higher levels of profitability.”

David Gushue, Operations Manager
Hammond Manufacturing

AFFORDABLE AUTOMATION
STARTS HERE

www.absoluterobot.com

New Mid-Range 3D Printer
Stratasys has launched the J826 3D 
printer, the latest in the J8-series PolyJet 
printers. The J826 is a lower cost alterna-
tive and features full Pantone-validated 
color and multi-material 3D printing. 

The J826 is suited 
to mid-volume 
requirements in 
industries such as 
consumer goods and 
electronics and auto-
motive. It provides 
the same resolution 
and detail as other 
J8-series 3D printers and uses the same 
PolyJet materials as the J850.

The J826 has a max. build volume of 10 x 
9.9 x 7.9 in., (255 x 252 x 200 mm). Its seven-
material capacity means operators can 
load their most frequently used resins and 
avoid downtime for material changeovers.

What is said to be the � rst � ow enhancer for semi-aromatic nylons is commercially 
available from Germany’s Bruggemann (U.S. of� ce in Newton Park, Pa.). Bruggolen 
TP-P1810 joins the company’s Bruggolen TP-P1507, which is already used worldwide 

for aliphatic nylons 6, 66 and 12.
Both Bruggolen TP-P1810 and TP-P1507 report-

edly demonstrate very signi� cant improvements in 
melt � ow while retaining the mechanical properties 
of � nished components. Supplied in pellet form, 
they are reportedly easy to dose and disperse 
during injection molding and compounding.

Trials carried out with well-known independent 
testing laboratory RJG Technologies revealed that 

Bruggolen TP-P1810 enabled more than 20% cycle-time reduction during molding and 
allowed � lled compounds containing 50% or more glass � ber to be injection molded 
into very intricate and complex shapes. For example, during molding tests, spiral 
� ow of a semi-aromatic nylon reinforced with 50% glass was lengthened by 70% with 
addition of only 1.5% TP-P1810.

Much-improved color and appearance of the resultant molded parts are also 
claimed. Alternatively, by allowing a 30° C/54° F reduction in melt temperature, the 
additives allow for gentler processing and reduced energy consumption.

Enhanced Multi-Shaft Mixer
Ross has improved the dual-post hydraulic lift and seal design of its 1500-gal Multi-Shaft Mixer 
(Model PVM-1500). The new lifting mechanism is a double-acting, fully hydraulic cylinder operating 
at a much higher pressure, allowing for a smaller cylinder and signi� cantly less oil for operation. 
The result is a lifting system that operates at lower cost, requires less maintenance, and provides 
faster raising and lowering of the agitators. In addition, the new seal arrangement allows seal 
replacement without removing agitator shafts. Unlike the historical design, seal replacement no 
longer requires removal of the mixer from the tank nor tank entry to access the seal.

The pictured PVM-1500 features three independently driven agitators: a screw auger, a high-speed 
disperser and a three-wing anchor agitator. The sides and bottom of the changeable mixing vessel 
are insulated and jacketed for up to 50 psig. This vacuum-rated machine comes with rugged touch-
screen controls showing digital readouts for speed, cycle time, vacuum level and batch temperature.

   ADDITIVE MANUFACTURING

    MIXING

    ADDITIVES Flow Enhancers for Semi-Aromatic Nylon
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330-482-5100
www.mdplastics.com

BETTER
INVENTING

Melt Preparation
Melt Monitoring
Melt Delivery
Melt Purging

Controller Comes with 
Con� guration ‘Wizard’
Movacolor says it has made the con� guration of feeders 
easier by adding a software “wizard” to its touchscreen 
controller. The wizard guides operators through the con� g-
uration process step by step. This is said to eliminate the 
possibility they will forget to con� gure loaders, select the 
right dosing tool, or perform the initial loadcell calibration.

Movacolor controllers are delivered precon� gured to 
“plug-and-play” out of the box. With Movacolor’s modular 
dosing equipment, processors can combine the different 
dosing systems to customize their own dosing system. 

Vacuum Gripper Now Compatible 
with Wider Range of Cobots
Piab’s piCobot vacuum-cup gripper is now available with a generic 
electrical interface and several options for mechanical mounting-
plate dimensions in accordance with the ISO 9409-1 standard. 
These changes make the piCobot, originally designed to work with 
collaborative automation from Universal Robots, now compatible 
with a wide range of cobots and smaller industrial robots.

The PiCobot consists of a proprietary vacuum pump and a 
gripper with suction cups. Piab’s customers can now con� gure the 
gripper online, choosing between a generic electrical interface 
with a standard cable or an interface speci� ed by Universal Robots. 
Customers also can choose various mechanical interfaces. PiCobot 
weighs only 1.59 lb and can lift objects weighing up to 15.4 lb.

OnRobot, the Danish maker of end-of-arm tooling for collaborative robots (cobots), came out with a 
smaller version of its novel Gecko adhesive gripper for smooth, shiny or perforated surfaces. The Gecko 
gripper utilizes millions of micro-scale � brillar stalks that adhere to surfaces by means of van der 
Waals forces—the same way that gecko lizards are able to climb vertical walls. Because this silicone-
based technology doesn’t mark even high-shine surfaces, OnRobot claims, it eliminates the need for a 
cleaning step in some manufacturing processes. And the Gecko grip also can grip even perforated work-
pieces, like printed circuit boards, aluminum mesh, or head gaskets. No wires or air supply are required.

The new Gecko SP (single pad) gripper brings this capability to smaller applications and lighter payloads. 
It comes in three sizes for payloads of 1, 3, and 5 kg, vs. 5.5 to 6.5 kg for the larger, four-pad Gecko gripper. 
The gripper is said to offer “plug-and-play” compatibility with a wide variety of cobot brands.

Smaller Non-Marking Gripper For Smooth, 
Shiny or Perforated Surfaces

   AUTOMATION

   FEEDING

   AUTOMATION
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New Line Comes 
in Two Con� gurations
Acrison Inc. is now offering its high-capacity, 
heavy-duty Model 260 Weigh Belt Weighers/
Feeders in two styles: 1) to weigh and/or 
totalize the � ow of dry materials in a “wild-
� ow” con� guration; or 2) to meter dry solid 

materials in 
a controlled, 

“closed-loop” 
con� guration 
as a weigh 
feeder.

The Model 
260(WF), operating as a weigher and/or total-
izer, continuously weighs material passing 
across the belt. Belt speed is constant and the 
rate of � ow is not controlled, only weighed. 
The controller, which continuously monitors 
and totalizes the � ow of material, displays 
the � ow rate and produces an output signal 
that can be used for various process functions. 
The Model 260(WF) Weigher is also capable of 
batching to a preset total.

When operating as a weigh feeder, the Model 
260(F) continuously controls the feed rate (or 
rate of product discharge off the belt) in relation 
to a setpoint via modulation of the belt speed.

At Athena, we understand 
your unique hot runner system 
needs. That’s why we engineer 

products like our new RMX 
modular hot runner controller 

with a touchscreen display 
and superior functionality and 
communications.  And Athena 

still off ers world-class non-
modular controllers. Get all 

our products from your local 
distributor or online.

Find your hot runner controllers at 
www.AthenaControls.com

your unique hot runner system 
needs. That’s why we engineer 

TURNING UP THE HEAT ON HOT 
RUNNER CONTROLS

engineering, inc. www.smartflow-usa.com

with SMED Friendly FasTie® Ejector Tie-In

Change Injection Molds Faster

Visit our YouTube Channel for Animations!

Shave minutes from every mold 
change by implementing SMED in your 
injection molding process.
• Ties in press and mold 

ejector plates quickly.
• Installs without ejector 

plate modification.
• Connects mechanically.
• Disconnects with a 

burst of shop air.
• Stays connected 

during ejection cycles 
for superior durability.

• Four sizes available to fit most 
injection molding machines.

• Use as a center knockout in 
small machines.

Innovative PC Copolymers for Medical Equipment & More
Launched at MD&M West 2020, a new family of PC copolymers from Sabic boasts 
excellent resistance to highly aggressive chemical disinfectants used to prevent 
hospital-acquired infections. LNP Elcres CRX copolymers are said to be a drop-in 
alternative to incumbent resins used in healthcare equipment housings for portable 
ultrasound and x-ray machines to hand-held diagnostics and infusion pumps.

Repeated cleanings with highly aggressive chemical disinfectants  such as 
quaternary ammonium compounds have been shown to cause environmental 
stress-cracking (ESC) that can lead to part failure in conventionally used materials 
such as PC/ABS and PC/PBT blends.

These opaque PC copolymers have 
shown excellent property retention after 
exposure to PDI Healthcare’s Sani-Cloth 
AF3 wipes and other aggressive health-
care cleaners, combined with excellent 
impact performance (ductile notched Izod) 
and mitigation of crack propagation. To 
measure a polymer’s potential compat-
ibility with chemical disinfectants, SABIC 
devised a quantitative ESC test that evalu-
ates retention of tensile stress at yield 
and tensile elongation at break.

The three initial grades are an amorphous blend of PC copolymer and PC resin 
for non-powered equipment and devices; a � ame-retardant amorphous blend for 
powered devices; and a � ame-retardant PC/PBT blend for powered devices.  

Flame-retardant versions meet UL 94V-0 at 1.5 mm. Sabic is exploring additional 
grades for consumer electronics, mass transportation and industrial uses.

   FEEDING     MATERIALS
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Are You Automating Enough?
Today’s linear robots have the capability of performing a wide range of automation 
including packaging, insert loading, assembly, labeling, and much more.  When done 
properly, this automation offers molders a ROI for product consistency, labor savings, 
quality, and safety, to just name a few.  But how do you evaluate your process to see if 
automation can help you?  In this presentation, we will give you some helpful tips on 
how to do this, as well as look at the various reasons why you should automate. We 
will also review different types of automation, common problems injection molders 
face and how automation can solve them, among other bene� ts.

PRIMARY TOPICS:
• Review many types of press side automation from simple to complex
• See automation solutions to common problems injection molders face
•  ROI tools & examples to see if it’s time to automate or if it’s time to 

replace your old automation

PRESENTER
Dan Spohr
Northeast Regional Manager, 
Robots & Automation, 
Wittmann Battenfeld

Daniel Spohr is the Northeast 
Regional Sales Manager for the Robot 
& Automation division at Wittmann 
Battenfeld. Starting his plastics career 
in extrusion blow molding, he later 
joined the Robot division at Wittmann 
Battenfeld in 2012. Based out of Witt-
mann’s North American Headquarter in 
Connecticut, Daniel brings over seven 
years of automation experience and 
Cartesian Robot application expertise.

REGISTER FOR THIS WEBINAR AT:
short.ptonline.com/wb042220

Wednesday, April 22nd •  2:00 PM ET

WEBINAR a feature of PTonline.com

Bulk-Bag Discharger Features 
‘Clean’ Construction
Flexicon’s new Bulk-Out bulk-bag discharger features stainless-
steel, open-channel construction for applications in which 
contamination of the product or equipment cannot be tolerated. 
Unlike hollow-steel frame members, the open-channel frame is 
devoid of cavities or recesses where bacteria, mold and other 
contaminants can breed, allowing rapid, thorough washdown 
with water, steam or cleaning solution, reducing the risk of cross-
contamination between changeovers and providing unobstructed 

inspection for verifying cleanliness.
The discharger has a cantilevered 

I-beam with electric hoist and trolley 
for loading and unloading bulk bags 
without a forklift. Its Flow-Flexer bag 
activators promote complete discharge 
of even non-free-� owing materials. 

The bag spout interface features a 
clamp ring that makes a high-integrity 
connection between the bag spout 
and the equipment, and a telescoping 
tube that maintains downward 
tension on the spout as the bag 
empties and elongates, promoting 

total evacuation. Together, the devices prevent the escape of 
dust throughout the entire discharging process. 

New Biodegradable Bioplastics 
for Fruit & Vegetable Bags
Spain’s Kompuestos (Plasticos Compuestos S.A.), a manufacturer 
of sustainable compounds, has developed a new bioplastic made 
entirely from potato starch that is reportedly degradable on the 
ground in four weeks. This addition Kompuestos’ Biokomp range 
is targeted as a replacement for traditional supermarket plastic 
bags for fruit or vegetables. The new bioplastic, and three other 
products in the Biokomp product line, have obtained the “OK 
Compost” label 
from the world 
leader in certi� ca-
tion of bioplastics, 
Agency TÜV Austria, 
which certi� es 
that they are 100% 
biodegradable in a 
speci� c period.

The Biocomp 
portfolio is all 
based on biode-
gradable resins made from different starches derived from corn, 
potato and various types of cereals, among other polymers of 
renewable origin. These resins reportedly can be processed in 
standard processing equipment. The company has obtained 
certi� cates for materials compostable at home or in industrial 
composting facilities. Depending on the product, they can require 
four to 14 months for composting.

     MATERIAL HANDLING      MATERIALS
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All-Electric Series (16.5~507USton)Hybrid Series (7.7~1439USton)

A pioneer in the industry since 1947, NISSEI developed the rotary ram 
type in-line screw injection mechanism in 1961; the world’s first 
electric servomotor driven injection molding machine in 1983; and 
the servo-hydraulic “X-Pump” machines in 2005 (814 industrial 
properties applied as of March 2019, including Japan and overseas). 
NISSEI offers reliable high-performance all-electric and hybrid 
(servo-hydraulic) machines, making them a true two-way player in the 
industry. Combining its technologies with our highly-reputed service 
team in the US, NISSEI is an all-around great choice for your next 
molding machine.

www.nisseiamerica.com

A TWO-WAY PLAYER 
IN THE INJECTION MOLDING MACHINE INDUSTRY

NISSEI AMERICA, INC. | (714) 693-3000 | info@nisseiamerica.com

All-Electric SeriesHybrid Series (7.7~1439USton)

REDUCE THE BURDEN 
OF PRODUCTION 

AND QUALITY 
CONCERNS

Resin selection is not one size fits all. 
At PolySource, our technical team 

thrives when challenged and works 
persistently to uncover the answers 

that will optimize application 
development and production.

     MATERIALS Low-COF Acetal for Medical Devices 
A new acetal resin launched at MD&M West 2020 reportedly features 
the lowest coef� cient of friction (COF) in DuPont’s Delrin line of 
materials for medical devices. Lubricated Delrin SC698 can help 
improve patient comfort and ease of use by ensuring smooth actua-
tion of high-load drug-delivery devices like inhalers, injectors and 
pumps. Moreover, its strength, stiffness and dimensional stability 
can help increase the injection precision of wearables and inserter 
devices. Delrin SC698 resin can be custom colored. 

Latch Lock for 3-Plate Molds
Meusburger says its new E 1817 latch lock can replace 
round or � at latch locks as a compact, reliable solution to 
control molds with two split lines. With this device, when 
the mold is opened at the � rst split line, it is done with 
a maximum pulling force of 14 kN (3.15 lbf) per latch lock. 
The puller inserted in the plate then pulls the � oating 
plate to the desired stroke.

This stroke is determined by the position of the cam, 
which can be adjusted on the spindle in increments from 
6 to 165 mm. The position is � xed by locking the two cam 

halves, which 
eliminate 
any play in 
the spindle.

As soon 
as the rocker 
lever makes 
contact with 
the cams, 
the latch arm 
is steered 
over the 

puller and the second split-line face is released and can be 
opened. The wear-resistant rocker lever is DLC coated. The 
integrated compression spring in the latch arm brings the 
lever back to the neutral position after each operation.

     MATERIALS Long-Fiber Engineered 
Compounds for Medical Equipment
Continuous and highly aligned long-glass reinforced compounds 
from Solvay Specialty Polymers reportedly deliver high strength and 
enhanced impact resistance for structural applications like chassis, 
gear systems and components needing high mechanical properties 

and load-bearing capabilities. These new Xencor 
LFT thermoplastics offer healthcare designers 
and OEMs new opportunities to replace metal 
and conventional short-� ber thermoplastics 

used in structural medical compo-
nents.

Featured at MD&M West 2020, 
the Xencor LFT portfolio comprises 
grades based on Solvay semi-crystal-
line resins such as Ryton PPS, Amodel 

PPA and Ixef PARA. These compounds are produced with Solvay’s pultru-
sion manufacturing process and can contain 30% to 60% long � bers. 

   TOOLING
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Prices of all volume commodity resins heading into April were 

expected to be mainly � at and in some cases lower. Factors for 

this softness include well-supplied 

markets, sluggish demand, lower 

global feedstock prices, and the e� ects 

of the coronavirus disrupting global production networks. The 

latter introduced a key element of uncertainty into industry 

sources’ projections for commodity resin pricing going into the 

second quarter. 

These are the views of purchasing consultants from Resin 

Technology, Inc. (RTi), senior editors from Houston-based 

PetroChem Wire (PCW), and Michael Greenberg, CEO of The 

Plastics Exchange.

PE PRICES FLAT—MOSTLY
Polyethylene prices were � at in February and were projected to 

remain � at in both March and April, after suppliers implemented 

a 4¢/lb January increase. Mike Burns, RTi’s v.p. of PE markets, PCW

senior editor David Barry, and The Plastic Exchange’s Greenberg all 

noted that most suppliers had delayed their February 4¢ increases 

to March, while two suppliers—Dow and ExxonMobil—noti� ed 

customers of an additional late-February increase of 2¢/lb for 

LDPE. According to these sources, spot LDPE availability has been 

tight for several months due to unplanned shutdowns and delays 

of new capacity coming on stream.

Prices of Volume Resins Flat to Down
Key drivers for the trajectory of resin prices include 
supply outpacing demand, lower feedstock costs, and 
uncertainty about coronavirus effects.

By Lilli Manolis Sherman
Senior Editor

Still, these sources note that all key factors supporting an increase 

have reversed themselves—from lower global oil prices and feed-

stock costs to lower global PE prices and demand, and a signi� cant 

drop in U.S. exports brought on by the uncertainty of the coronavirus. 

Greenberg reported that, given these developments, “Suppliers might 

be happy just to hang on to the 4¢/lb hike they achieved in January.” 

Noting that domestic demand continues to be good, Burns said, “The 

duration of the impact of the coronavirus will continue to be the 

main demand driver. Without global demand and export opportu-

nity, inventories will continue to grow and outpace demand.” And 

Greenberg’s projection of � at pricing in March and April is coupled 

by downward pressure from spot-market prices and lack of export 

opportunities (40% of U.S. PE production typically goes to exports).

Polyethylene Price Trends

LLDPE Butene

FEB MAR

LDPE

FEB MAR

HDPE 
Injection 

FEB MAR

HDPE
Blow Molding

FEB MAR

HDPE 
HMW

FEB MAR

Market Prices Effective Mid-March 2020

Resin Grade ¢/lb

POLYETHYLENE (railcar)
LDPE, LINER  . . . . . . . . . . . . . . . . . . . . . . . . . . .  96-98
LLDPE BUTENE, FILM  . . . . . . . . . . . . . . . . . . . .  79-81
  NYMEX ‘FINANCIAL’ FUTURES  . . . . . . . . . . . .  32
  MARCH  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32
HDPE, G-P INJECTION . . . . . . . . . . . . . . . . . . . .  101-103
HDPE, BLOW MOLDING . . . . . . . . . . . . . . . . . . .  94-96
  NYMEX ‘FINANCIAL’ FUTURES  . . . . . . . . . . . .  32
  MARCH  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32
HDPE, HMW FILM  . . . . . . . . . . . . . . . . . . . . . . .  108-110

POLYPROPYLENE (railcar)
G-P HOMOPOLYMER, INJECTION . . . . . . . . . . .  57-59
  NYMEX ‘FINANCIAL’ FUTURES  . . . . . . . . . . . .  42
  MARCH  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42
IMPACT COPOLYMER . . . . . . . . . . . . . . . . . . . . .  59-61

POLYSTYRENE (railcar)
G-P CRYSTAL . . . . . . . . . . . . . . . . . . . . . . . . . . .  108-110
HIPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112-114

PVC RESIN (railcar)
G-P HOMOPOLYMER . . . . . . . . . . . . . . . . . . . . .  86-88
PIPE GRADE . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85-87

PET (truckload)
U.S. BOTTLE GRADE . . . . . . . . . . . . . . . . . . . . .  45
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Barry noted that suppliers will have to throttle back production 

and/or reduce PE export prices, which they had yet to do in early 

March, in order to get export markets moving again. He thought 

that planned maintenance turnarounds in March and April would 

help reduce the supply glut. Burns doubted suppliers would 

throttle back production and expected them to seek every reason to 

hold onto the unexpected January price increase.

PP PRICES DOWN
Polypropylene prices in February dropped 1¢/lb in step with pro-

pylene monomer and were expected to be � at or slightly lower in 

March and possibly into April, even though suppliers issued price 

increases. Those views were held by Scott 

Newell, RTi’s v.p. of PP markets, PCW’s 

Barry, and The Plastic Exchange’s Greenberg. 

Newell, for one, said an additional 1¢/lb drop 

was possible in March or April. All three 

noted that the coronavirus was creating 

uncertainty and supply disruptions and 

would likely impact global demand, in addi-

tion to existing lackluster domestic demand.

Several suppliers had posted 3-4¢/lb 

hikes for March 1, on top of any change in 

monomer pricing. Missing was ExxonMobil, 

which later issued an April 1 increase of 

3¢/lb for PP homopolymers and random 

copolymers such as clari� ed grades, with no change in impact 

copolymer pricing. While PP contract buyers have had no problems 

in getting material, there has been a shortage in the spot market 

(and rising prices), particularly for homopolymer ra�  a (low-MFI 

grades) and random copolymer clari� ed grades. Barry saw this 

as a relatively short-term tightness and ventured that suppliers 

might actually inch prices up by 1-2¢/lb in March and April. While 

Greenberg envisioned a similar scenario, he noted that these PP 

margin increases have been hard for suppliers to secure in the past.

Newell noted that PP plant operating rates were below 80% 

for four months through February, and that despite planned and 

unplanned production interruptions, supplier inventories stood 

at a healthy 35.5 days of supply. He did not see the market funda-

mentals supporting any non-monomer-related increase.

PS PRICES FLAT
Polystyrene prices in February were � at and were expected to 

remain so last month and possibly this month as well, owing to 

feedstock price cuts a� ected by the coronavirus, seasonally quiet 

demand and adequate supply, according to both PCW’s Barry and 

Robin Chesshier, RTi’s v.p. of PE, PS and nylon 6 markets. Barry, in 

fact, ventured that a 1¢/lb price concession was possible for March. 

March benzene contract prices dropped 7¢/gal to $2.57¢/gal but 

spot prices, in step with crude-oil prices, dropped from $2.69/gal 

to as low as $2.20/gal going into March. Styrene monomer prices 

were at a record low of 34¢, dropping 

another 2¢/lb by February’s end, and eth-

ylene prices were also 2¢/lb lower, with 

further decreases likely last month. 

According to Barry, the implied styrene cost 

based on a 30/70 ratio of spot ethylene/

benzene was at 25.7¢/lb, down 2.6¢ from the 

prior week and down 3.7¢ through February.

Chesshier indicated that buyers were 

asking suppliers to give back some of their 

January 3¢ increase, based on the same 

dynamics the suppliers had cited as justi� -

cation for the increase—the price trajectories of benzene, ethylene 

and styrene. She said there was some potential for higher prices 

this month, as the traditional busy season for PS gets underway and 

plant production would likely be increased from the low 60% utili-

zation rates through much of the � rst quarter. Said Barry, “I’m not 

sure that demand for PS, which is pretty static with no new appli-

cations developed, could swing prices upwards as there’s ample 

supply, even at low operating rates.”

PVC PRICES RISE, THEN LEVEL OFF
PVC prices moved up in February by 2¢ of the 3¢/lb sought by sup-

pliers. This came after implementation of the January 3¢ hike, 

noted Mark Kallman, RTi’s v.p. of PVC and 

engineering resins.

PCW senior editor Donna Todd reported 

that the full implementation of the January 

increase was attributed by suppliers to PVC 

resin supply tightening up after planned 

and unplanned production shutdowns, 

which pushed export prices up and then 

pulled up domestic pricing as well. Still, 

both these sources noted that PVC proces-

sors had no di�  culty getting the PVC they 

needed through February.

Kallman said PVC prices in March and 

April were likely to be � at, owing to lower 

ethylene costs and uncertainty over the coronavirus’s impact. He 

noted that while two more plant turnarounds are scheduled for 

the April-May timeframe, expanded new capacity would nix any 

further tightening. Seasonal demand for construction could result 

in upward pressure on pricing through the second quarter.

PET PRICES FLAT
PET prices started March in the mid-40¢/lb range, delivered railcar to 

the Midwest, down 1¢/lb from the start of February. According to PCW

senior editor Xavier Cronin, an abundant supply of imports from 

around the world has sustained a buyers’ market. Cronin reported that 

March prices were expected to be mostly unchanged for monthly 

contract business for bottle resin delivered Midwest and U.S. South. 

PVC Price 
Trends

Pipe
FEB MAR

Gen. Purpose
FEB MAR

2¢/lb

2¢/lb

Polystyrene 
Price Trends

GPPS
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HIPS
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Polypropylene 
Price Trends

Homopolymer
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Copolymer
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He expected PC prices to remain � at into the second quarter, owing to a 

well-supplied market and attractively priced imports. A downward turn 

could come if domestic automotive production and sales are a� ected by 

the coronavirus, as has occurred in China and elsewhere.

PRICES OF NYLONS 6 & 66 FLAT TO DOWN
Nylon 6 prices through much of the � rst quarter were largely stable, 

despite suppliers’ attempts to push through price hikes of 7¢/lb, 

according to RTi’s Chesshier. Moreover, due to ample supply and 

weak demand, suppliers reportedly o� ered some volume discounts 

in order to retain and/or gain market share. Based on short-term 

market indicators, nylon 6 prices were expected to be largely � at 

through the second quarter. Still, uncertainty about the e� ect of the 

coronavirus during a time of an oversupplied market makes it hard 

to predict price trends. Companies like BASF, Lanxess and Evonik all 

have nylon 6 production in China, where plants were said to be 

operating, but at much reduced rates. 

Nylon 66 prices were mostly � at through much of the � rst 

quarter, though some 2020 contract concessions under 5¢/lb were 

given in January, re� ecting similar discounts given to some proces-

sors in the fourth quarter, according to RTi’s Kallman. He saw the 

potential for  price concessions in April. driven by low oil and feed-

stock prices globally, a well-supplied market, and the possibility of 

prolonged coronavirus fallout. 

He ventured that April could see an uptick of 

2¢ to 5¢/lb for prime PET resin as the 

warm-weather season ushers in demand for 

single-use PET bottles and containers, espe-

cially for carbonated soft drinks and  water.

Consumer brand companies are under 

pressure to use more recycled PET in 

single-use bottles and containers for their products. But, noted 

Cronin, cheap, abundant virgin PET resin, including wide-spec, 

is keeping demand for recycle steady, even as brands try to blend 

more food-grade rPET pellet and � ake into their production.

ABS PRICES FLAT TO DOWN
ABS prices moved down 1-2¢/lb in January, remained � at in February, 

and were expected to drop another 1-2¢ in March, according to RTi’s 

Kallman. Lower benzene and styrene monomer prices and a very 

well-supplied market, plus low-priced imports, are likely to keep 

prices � at this month and most likely beyond.

PC PRICES FLAT
Polycarbonate prices through most of the � rst quarter were generally 

� at, according to RTi’s Kallman. He noted that January saw some 2020 

contract concessions on the order of under 5¢/lb, re� ecting similar 

discounts some contract buyers secured in last year’s fourth quarter. 

PET Price Trends

Bottle Grade
FEB MAR

1¢/lb
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Best Practices on Processing PCR: 
What Every Processor Needs to Know
Many brand owners aim to increase recycled content in packaging to an average 
of 25% by 2025. This demand means that processors will work with a much higher 
percentage of PCR for the � rst time, which can bring about a whole host of new 
challenges. This webinar will discuss these challenges of working with PCR and 
what are some of the key steps to overcome any issues that may arise. 

PRIMARY TOPICS:
 • Impact of introducing the higher PCR percentage into existing lines.
 • Detail what the higher percentage does; what needs to change.
 • Modi� cations to the equipment to help accommodate the PCR.
 • Expectations of PCR quality. 

MODERATOR
Heather Caliendo
Senior Editor, Plastics Technology

Heather Caliendo serves as Senior Editor 
for Plastics Technology magazine where 
she writes and edits feature stories for the 
recycling and 3D printing sectors. Heather 
has been covering the global plastics 
industry since 2012, with a speci� c focus on 
end-market trends and sustainability. She 
started her career writing about aerospace 
and technology at The Journal Record, a 
daily business newspaper. She received 
her bachelor of arts in journalism from the 
University of Oklahoma.

REGISTER FOR THIS WEBINAR AT:
short.ptonline.com/pt0506

Wednesday, May 6th •  2:00 PM ET

WEBINAR a feature of PTonline.com



STAY AHEAD OF THE CURVE WITH GARDNER INTELLIGENCE 
Visit the blog at: gardnerintelligence.com or email mguckes@gardnerweb.com

The Plastics Processing Index expanded for the � rst time since June 2019 with a February 2020 

reading of 51.8. Most of the Index’s components reported improved � gures versus the prior month. 

Gardner Intelligence’s review of the underlying Index 

reveals that the Index—calculated as an average of its com-

ponents—was supported by an eight-month high in pro-

duction activity and a modest expansion in employment. The Index was pulled lower by a sharp 

contraction in export activity and a ninth consecutive month of contracting backlog activity.

The impact of COVID-19, widely known as the Coronavirus, is expected to have an adverse 

e� ect on the Index in the coming months. The necessary e� orts of Asian governments in January 

and February—and by a widening collection of nations in February and March—will most imme-

diately restrict the normal � ow of upstream and sub-component goods necessary for the proper 

functioning of the manufacturing sector.

Our Indexes measure North American business conditions on a monthly basis. Moving forward, 

they will be able to quantify both the initial shock from the virus along with the timing and strength 

of the market’s eventual recovery from the economic impact of the virus. The Index is based on 

responses to surveys conducted each month by subscribers to Plastics Technology magazine. 

Index expands for � rst time since June 2019. 
Expanding Production Bumps Index Above 50 

Gardner Business Index: Plastics Processing

Plastics Processing: Supplier Deliveries and Exports

Both indexes expanded in 
February for the � rst time since 
June 2019. Plastics processors 
reported expanding production, 
new orders, supplier deliveries 
and employment activity. This 
positive news, however, will 
likely be soon overshadowed 
by COVID-19’s mounting impact 
on the global economy.

Gardner Intelligence expects 
that most—if if not all—of its 
indicators will be subjected to 
shocks from COVID-19. That the 
virus originated in Asia suggests 
that American manufacturers 
in the immediate future should 
pay particular attention to 
their supply chains and expect 
increased volatility in export 
orders and material prices.

FIG 1

FIG 2

By Michael Guckes
Chief Economist/Director of Analytics

Michael Guckes
is chief econo-
mist and director 
of analytics for 
Gardner Intelligence, 
a division of 

Gardner Business Media, Cincinnati. 
He has performed economic analysis, 
modeling, and forecasting work for 
more than 20 years among a wide range 
of industries. He received his BA in 
political science and economics from 
Kenyon College and his MBA from Ohio 
State University. Contact: (513) 527-8800; 
mguckes@gardnerweb.com. Learn more 
about the plastics processing Index at 
gardnerintelligence.com.
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This is Plastics Technology’s online listing for plastic processing equipment 
builders, material suppliers, auxillary manufacturers and more. 

You can get copies of literature from 
suppliers listed on these pages by 
sending an e-mail to the address 

provided at the end of each writeup. 
Or, where provided, contact the 

company by phone or fax.

WWW.MAGUIRE.COM

Over 100 pages of easy browsing packed with useful information 
on Maguire Blenders, Loaders, Granulators, Feeders, and Liquid 
Color Pumps.

WWW.NOVATEC.COM

World’s largest selection of dryer technologies and blenders 
with unmatched system design and control capabilities. 
1-800-BESTDRY (1-800-237-8379)

CLEAR-VU™ LOADING SYSTEM
Provides all the bene� ts of 
a central loading system 
with the added convenience 
of portability & low 
maintenance. Brochure & 
video describe this 
complete vacuum 
conveying system that will 
control up to eight stations. 
Receivers allow full view of 
the loading action. 

Aston, PA • info@maguire.com

DRY-CONVEY-BLEND-EXTRUSION  
Novatec is one of the largest 
U.S. based manufacturers of 
resin drying and conveying 
equipment for the plastics 
industry. Together, with 
Maguire Products, we 
o� er the largest line of 
manufactured resin 
handling equipment in 
North America. 
Product Overview: 
www.novatec.com/about

Baltimore, MD • sales@novatec.com

PROGRESS THROUGH INNOVATION
Complete overview of the 
company, its history and 
the relentless product 
developments that have 
made it the leading 
manufacturer for plastics 
processors worldwide. Its 
innovative products 
include injection molding 
machines, robots and 
automation systems, 
auxiliary equipment .

Torrington, CT • info@wittmann-ct.com

WWW.WITTMANN-GROUP.COM
Wittmann 
Battenfeld’s 
website 
provides global 

access to the full range of Battenfeld injection molding machines, 
process engineering, customer service, training and turnkey 
solutions, in addition to automation and auxiliary equipment 
including Wittmann robots and automation, material conveying, 
drying, blending, granulating and water temperature controllers.

WWW.PLASTRAC.COM

For the perfect blend every time, turn to Plastrac for your next 
blending and loading system.

MEDICAL DEVICE CONTRACT MFG.
Canon Virginia, Inc. o� ers 
Medical Device Contract 
Manufacturing. ISO 13485 
certi� ed, Canon Virginia 
has 30,000 square feet of 
manufacturing space, 
including a class 8 clean 
room, dedicated to new 
business. For an overview 
of all Canon Virginia, Inc.’s 
services visit 
cvi.canon.com/mfg.

Newport News, VA • cvi.canon.com/mfg

DRI-AIR INDUSTRIES, OUR NAME SAYS IT ALL
The industry leader in proven 
desiccant dryer technology, 
Dri-Air o� ers the highest 
quality at competitive pricing. 
Our constant attention to 
detail and incredible 
response time helps us sell 
thousands of drying systems 
worldwide. We o� er solu-
tions to a wide range of 
industries from simple to 
complex custom applications.

Our name says it all

1 The Dri-Air System 
3 HPD 4 Bed Portable Dryers 
4 Portable Dryers – Controls & Closed Loop Loader
5 APD Portable Dryers
6 Closed Loop Loading Systems
7 Quick Material Change Systems
8 Hopper Bank Series
9 Central Loading System

10 Central Drying Systems
11 Floor Mount Dryers
12 Drying Hoppers
13 Hopper Mount & Mini Dryers – Desiccant
14 Mini PD Dryer – Desiccant 
15 Hopper Mount & Mini Dryers – Compressed Air
16 Mini PD Dryer – Compressed Air
17 Blending/Drying Exclusives – Virgin & Regrind, Virgin & Colorant
18 Blending/Drying Exclusives – Virgin, Regrind & Colorant

Since 1974 Dri-Air has been the industry

leader in proven desiccant dryer

technology, offering the highest quality at

competitive pricing. Our constant attention

to detail and incredible response time has

helped us sell thousands of drying systems

worldwide. From 1 pound to 3000 pounds

per hour, we offer solutions to a wide

range of industries from simple solutions

to complex custom applications.

DRI-AIR
Industries, Inc.

w w w . d r i - a i r . c o m  

16 Thompson Road, PO Box 1020
East Windsor, CT 06088-1020
T: 860.627.5110  F: 860.623.4477

P R O U D LY  M A D E  I N  T H E  U S A  

Visit us online

East Windsor, CT • sales@dri-air.com

PLASTRAC AUTO-DISC
Plastrac Inc. manufactures 
Disc-based Blending and 
Dosing equipment for all 
plastics processing. Auto-
Disc™ features gravimetric 
self-calibrating Dosing 
units and multi-ingredient 
blenders. Plastrac has 
recently added a Powder 
Additive Feeder option to 
the Auto-Disc™ Series.

Edgemont, PA • info@plastrac.com

TWIN SCREW EXTRUDERS AND SYSTEMS
Twin screw extruders 
(TSE’s) and systems—
Leistritz manufactures 
twin screw extruders 
(12 to 260 mm) used for 
compounding, reactive 
extrusion, devolatilization 
and direct extrusion.
Services include a fully 
equipped process 
laboratory and TSE 
workshops.

Somerville, NJ • sales@leistritz-extrusion.com

FOREMOST MACHINE BUILDERS
Foremost is an industry 
leader with over 60 years 
dedicated to quality,
performance and integrity. 
For individual components 
or a complete turnkey
system, Foremost o� ers 
an extensive line of auxil-
iary equipment for your
plastics material 
handling needs. 

MACHINE BUILDERS, INC.

One Source Does It All
VACUUM CHAMBER / RECEIVERS

                                              

Fair� eld, NJ • sales@foremostmachine.com
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LABORATORIES, INC.
www.polyhedronlab.com

281-879-8600
FAX 281-879-8666

10626 KINGHURST
HOUSTON, TX 77099

• PLASTICS
• POLYMERS
• RUBBER
• ASTM

TIME-CRITICAL 
CONFIDENTIAL 
PROBLEM SOLVING 
Since 1973

•  Chemical Analysis and
   Characterization
•  Thermal Analysis and Rheology
•  Mechanical Testing
•  Organic Synthesis
•  Lab Compounding, Pelletizing and 
   Injection Molding
•  Failure Analysis 
•  Quality Assurance
•  Chemical Resistance
•  Accelerated Weathering
•  FDA Extractions
•  R&D

SP
EC

IA
L 

SE
RV

IC
ES

• Granulation / Coarse Grinding
• Pulverizing / Fine Grinding
• Cryogenic Grinding
• Sifting / Classifying
• Blending / Mixing
• Samples / R&D

P.O. Box 363, Bloomsbury, NJ 08804
908-479-4400

www.allgrind.com • e-mail: info@allgrind.com

PLASTICS GRINDING  
& Pulverizing Services

HIGH SPEED 
DISPERSERS

1-800-243-ROSS
 www.dispersers.com

Scan to learn more. 
Try our mobile app:
mixers.com/web-app
 

To place a classi� ed ad 
contact Chris Brock at 

440-639-2311 or 
fax 513-527-8801.

Let Plastics Processors 
Know Who You Are and 
Where You Are 
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1-800-797-9244
www.elmgroveindustries.com 
E-mail: sales@elmgroveindustries.com

High Performance  
Liquid Purging Compound

•  Use Less, Get Better  
Results

•  More Cost Effective  
Than Pellets

•  Sold Through  
Knowledgeable  
Distributors

• Samples Available

M
AC

H
IN

ER
Y

Laboratory Injection 
Molding Machine 

For prototyping & materials testing

www.injectionmolder.net
PH (610) 434-3283

inquiry@injectionmolder.net

PTonline.com

PTonline.com
FEATURING
• Best Practices & 

Processing Know How
• New Technologies & Products
• Knowledge Centers
• Tips, Techniques & 

Troubleshooting
• Materials Database
• PT Blog
• And, much more…

IMPROVED NAVIGATION
Optimized search and 
reorganized navigation 
make it easier to research 
the products, processes 
and suppliers you need.

ENHANCED DESIGN
Larger article formats, more 
product images, redesigned 
emphasis zones.

Your #1 Plastics Processing Resource
from Plastics Technology!

PTonline.com

IMPROVED NAVIGATION
Optimized search and 
reorganized navigation 
make it easier to research 
the products, processes 
and suppliers you need.

ENHANCED DESIGN
Larger article formats, more 
product images, redesigned 
emphasis zones.

• Full Analytical / Physical / Permeation Testing Lab
• Expert Engineering of Film and Flexible Packages
• Pellets to Finished Package - Ef� ciently 
• Prototype – Lab – Pilot – Full Scale Production
• Compounding – Blown – Cast – MDO – Biax Films
• Fast Turn-Around

“Your Source for Engineered Packaging Soluti ons”

Save ti me and money on your 
Development Project - Contact us today!

JPHeaton@fl expackeng.com
C: (330) 704-9436

www.fl expackeng.com
O: (888) 300-1482
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Here’s where it really gets intriguing: To run those 16 injection 

machines, T&M employs just eight people. The company runs half 

the second shift with just one worker to pack parts and � ll hoppers, 

while the third shift is entirely “lights out”—and has been since the 

shop opened in 1983. Back then, machines could monitor positions 

of the screw and mold with limit switches and could shut themselves 

down, if necessary. Today, “Every action of the press is monitored 

by distance, time and even system pressure,” observes T.R. Paquin. 

“The press can shut itself down for probably over 50 di� erent 

faults. Today’s presses can even sense a piece of bubble wrap that 

might get between the moving plates of the tool, and can shut down 

before the bubble pops. That means that if a molded part hangs up 

in the tool, the controls can prevent damage to the tool or press.”

“Not many other molders trust their machines enough to do 

this,” muses Tom Paquin. But he has had that trust ever since he 

started out with three Battenfeld presses. He has stuck with that 

brand exclusively, transitioning to the newer Wittmann Battenfeld 

models when the machine builder changed hands in 2008.

Wittmann Battenfeld today is a strong advocate of cell integra-

tion via its “Wittmann 4.0” technology. But T&M has had its own 

version of cell integration for the last � ve to 10 years. Recalls Tom 

Paquin, “We added contactors and pigtails to our presses. We would 

plug all our auxiliary equipment—dryers, conveyors, granulators, 

etc.—into the press. They were tied into the press motor, and if the 

motor stopped, so would our auxiliaries. I won’t lie, we did come in 

some mornings to nice messes—like if a conveyor stopped working 

and hours’ worth of parts piled up on the � oor.”

T.R. Paquin adds, “Today, everything, including auxiliary equip-

ment, is monitored through Wittmann’s software, and parameters for 

all equipment can be saved for the next time you run a speci� c tool. 

Press a few buttons, and all of those saved settings are recalled.”

T&M also values the ability of the machines’ B6 and B8 

controls to allow Wittmann technicians remote access. “If we 

have a problem, they can look into the controls and see what the 

machine is doing and diagnose issues,” says T.R. Paquin. “It’s a 

very useful and time-saving technology.” 

T&M ENTERPRISES, INC. — SHAFTSBURY, VT. 

Small, Family-Run Vermont 
Molder Pioneers in ‘Lights-Out’ 
& Industry 4.0
Going back 37 years, T&M Enterprises dared 
to push available technology far beyond the 
risk tolerance of much larger � rms.

It doesn’t take long to recognize that there’s something di� erent 

about T&M Enterprises. At � rst glance, the picture may not seem 

all that remarkable: small, family-owned 

custom molder with 16 injection machines 

from 27 to 200 tons in a 28,000-ft2 plant in 

Shaftsbury, Vt. The “T” and “M” in the name stand for the founder, 

Tom Paquin, and his wife Marty. In business since 1983, the 

� rm molds standard parts for electrical capacitors (its original 

specialty) as well as medical parts, plumbing components, 

handles for paint and pastry brushes, nylon handcu�  ties, small 

automotive parts, and a proprietary line of votive candle cups in 

clear or colored PVC—11 million of them a year.

T&M keeps things 

simple: just molding—

no decorating, painting 

or assembly. “We focus 

on consistent quality, 

fast delivery, and good 

pricing,” says Paquin, 

company president. Sales 

are “north of a million, 

but we have extra capacity 

now and lots of plant 

space for expansion,” 

adds his son, T.R. Paquin, 

operations manager.

A closer look reveals 

interesting details. All 

the electric, air and water 

lines are under-� oor. 

The machines are orga-

nized into cells with interchangeable components—“so we’re not 

limited to any certain product line or specialty,” notes T.R. Paquin.

Still more interesting: The plant gets 70% of its electricity 

from solar panels. Soon, an off-site solar array will take T&M 

off the grid entirely.

By Matthew Naitove
Executive Editor

T&M founder and president Tom Paquin 
(rt.) with his son, T.R. Paquin, operations 
manager, in their all-Battenfeld plant. 

Tom and T.R. Paquin with 
samples of their production.
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T.R. (left) and Tom Paquin on the shop floor at T&M En-
terprises. T&M has 15 Wittmann Battenfeld machines and 
has only used Wittmann Battenfeld molding machinery 
since they began operations in 1984.

T&M has been a dedicated Wittmann Battenfeld molding 
machine customers since 1984.
Not many other molders trust their machines enough to do lights-out 
molding.Today, everything, including auxiliary equipment, is monitored 
through Wittmann’s software, and parameters for all equipment can be 
saved for the next time you run a specific tool. Press a few buttons, and 
all of those saved settings are recalled, instead of manual setup and 
inputting all those setpoints.
If we have a problem, they can look into the controls and see what the 
machine is doing and diagnose issues. It’s a very useful and time-saving 
technology, instead of a lot of back and forth on the phone or having 
them send a guy out to visit us.

Don't just take our word for it

Call us today for your WITTMANN 4.0 consultation!

WITTMANN BATTENFELD, INC.
Tel: 860 496-9603 | info.us@wittmann-group.com

West Coast Tech Center
Placentia, CA | Tel: 860 496-9603

Midwest Tech Center
South Elgin, IL | Tel: 847 531-0015

wittmannUSA wittmann-battenfeld-USA WittmannBattenfeldUSA @WIBA


