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NO MEETING ON MONDAY, DECEMBER 11!
The December meeting scheduled for Brady’s Landing has been cancelled.

BREAKFAST BUNCH
Meets first Tuesday of

every month at the IHOP, 
Washington Ave 

and I-10

Extrusion Simulation 
and Experimental Validation to Optimize
Precision Die Design 
Srinivasa R. Vaddiraju*, M. Kostic*1, L. Reifschneider&, A. Pla-Dalmau$, 
V. Rykalin%, A. Bross$

*Northern Illinois University (NIU); &Illinois State University, $Fermi National Accelerator Laboratory,
%NICADD-Northern Illinois Center for Accelerator and Detector Development, NIU. 

Abstract 

ACFD-simulation is performed for an existing die and compared

with the actual polymer flow and dimensions of the extrudate.

Experimental validation of the simulation is used to improve

new die design by integrating flow simulation through the 3-

D die geometry and the free-surface flow with swelling after

the die. Modified die-land-and-lip profile is optimized using

the so-called “inverse extrusion” simulation with an objective

to improve accuracy of extrudate dimensions. 

Introduction 
A twin-screw extrusion line has been commissioned

recently at Fermi National Accelerator Laboratory (FNAL) in

collaboration with Northern Illinois Center for Accelerator

and Detector Development (NICADD), to perform R&D,

prototyping, and economical production of extruded plastic

scintillators for large-scale accelerator detectors. For exam-

ple, MINOS (Main Injector Neutrino Oscillation Search), a

long-baseline neutrino-oscillation experiment, requires sev-

eral hundred tons of finished plastic scintillators [1]. At

about $40 per kilogram cost of cast plastic scintillator, a

large-scale detector will not be affordable. However, using

extruded plastic scintillators the cost is estimated at about

$10/kg, and with further developments, it is expected to go

down to $5/kg. The extrusion line consists of a Berstorff 40-

mm diameter, 1.36 m long, twin-screw extruder (ZE 40A

UTS; 200 HP), two K-Tron automated feeders (for polymer

pellets and fluorescent dopants) and Conair downstream

equipment (40 cm square, 5.2 m long vacuum and 6.4 m

long spray cooling-tanks, belt-puller and saw). A Novatec

compressed-nitrogen drier is utilized to purge and dry the
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President’s Message

I have noticed that some of the new faces that come to our

monthly meetings are recently unemployed or about to be in

that situation. Often, they come with the hopes of networking

themselves into their next job. While it is good that they

come, it is unfortunate that they have waited so long to reap

one of the major benefits that their membership in SPE can

offer them.

Networking is a useful tool for developing one’s professional career, but it should

not be used in a JIT basis. Networks, both professional and personal, need to be main-

tained and strengthened throughout one’s life. They should be nurtured and grown

with an understanding that one gives into the network as opportunities arise, so that

the network is strong enough and big enough to help you in your time of need. 

For those who are not yet practicing this philosophy, I hope you will begin to do

so. And to continue investing in your network, please join us regularly for future meet-

ings. In addition to our monthly technical meetings (held on the second Monday of

each month), we also have a group of industry peers (The Breakfast Bunch) who meet

on the first Tuesday of each month at the IHOP located at Washington Ave. and I-10.

I hope that the well-networked are also actively encouraging others to do the

same. University students do come to our monthly meetings, looking forward to par-

ticipating in our section and beginning to grow their own networks.

A major networking and professional development opportunity is coming soon in

the form of our Section’s annual Polyolefins Conference, which will be held at the end of

February. Please contact Bill Diecks (Polyolefins 2007 Chairperson) if you are interested

in helping to run this conference. We are also starting to put together the committee for

running the Polyolefins 2008 conference, and would greatly appreciate the involvement

of any who are looking for an interesting and professionally rewarding activity.

Harish Sangani

SPE – South Texas Section President 2006-2007

PLASTICS INFORMATION: CHECK IT OUT

Since the Houston Public Library on McKinney St is essentially

closed for remodeling, you cannot go there to browse for

books on plastics/polymers. However, go to their catalog at

www.hpl.lib.tx.us and arrange to pick up books at a branch library.

The Fondren Library at Rice University has the most complete collection of books

on plastics and polymers. This is also a prime resource for patent and trademark infor-

mation, as well as other US Government documents. You cannot check out books

there unless you join Fondren Library [$50], but you can arrange for books to be sent

to your library by inter-library loan. Use their catalog at www.rice.edu/fondren/.

The next best place to browse is at the MD Anderson Library at the University of

Houston central campus. South Texas Section has donated many plastics books to this

library. If you plan ahead, you can get a TexShare library card from a library where

you are a member, which will allow you to check out books from any U of H library.

Their catalog is at www.library.uh.edu/
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Consider NFM for your compounding applications.
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expertise and technical support to take your compounding
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Meeting Application
Requirements with
Conductive Carbon Black 
Christine Van Bellingen, Nicolas Probst, Eusebiu Grivei
TIMCAL Belgium S.A.
Appeldonkstraat 173, B-2830 Willebroek, Belgium
phone: +32 (0)3 860 16 36, fax: +32 (0)3 860 16 30,
e-mail: c.vanbellingen@be.timcal.com

ABSTRACT 

High structure or so-called conductive carbon blacks (CCB’s) con-

stitute the major family of conductive additives. They enable to

make polymers permanently conductive at ‘low’ to ‘very low’ load-

ings, for technical applications involving i.e. the transport of energy,

the protection against arching or discharge. Designing conductive

parts requires certain know-how as many parameters influence the

final electrical conductivity, and many other requirements have to be

fulfilled. This paper highlights the impact of the carbon black (CB)

type and loading, the polymer type and the compounding condi-

tions on the conductive, mechanical, dispersion and flow properties

of various plastics compounds. The study especially positions a

unique family of ‘low surface area (LSA)’ CCB’s, suggests means to

make conductive parts with compounding and transformation ease,

and points out that the more conductive additive does not automati-

cally give the best overall performances. 

INTRODUCTION 

1. Carbon black and conductivity
Most of the polymers are insulating materials. When submitted to

friction, they can quickly accumulate electrostatic charges which

may then damage parts, induce an arcing and injure people. A solu-

tion is to make polymers permanently conductive by using CB.

Thanks to its partially graphitic structure, made of nanosized

graphitic stacks embedded in amorphous carbon, forming small par-

ticles organised in aggregates, CB is able to carry easily an electron

flow (1). However, when incorporated into a polymer matrix, it will

only confer its inherent activity to the system from a certain concen-

tration corresponding to the percolation threshold. From this critical

concentration, the electrons can flow throughout the part for dissi-

pation. CB aggregates agglomerate into ramified complex structures.

These agglomerates are networking into a three-dimensional struc-

ture. Electron flow is occuring through the aggregates and also from

one aggregate to another by tunneling or by direct contact depend-

ing on the interdistances and the interfaces (2). This explains why

the switch from an insulating material to a conductive material is

quite sudden when CB content is increased. The sudden change

occurs when the additional CB aggregates are completing an overal

(continued on page 4)
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line. See how we can add value to your business.

Please visit www.chemtura.com.

Anox® NDB® No Dust Blends: 
When ordinary powders just aren’t clean enough.

Anox®

NoDust Blend

Ribelin Sales, Inc.
69 Years of Service
Supplying:
Pigments, Fillers, Extenders, Polymers,
Resins, Additives & Containers
1-877-Ribelin

network connecting still open spaces. This phenomenon is called

percolation and the concentration of CB at which this is occuring is

called the percolation threshold. CCB’s all have a ‘high structure

(HS)’ (DBP/oil absorption >160 ml/100g). The higher the structure

of the CB, the lower the concentration necessary to reach the perco-

lation level. However, it is not obvious that the most conductive

additive will give the highest conductivities and best overall proper-

ties: ‘very high structure (VHS)’ CB’s are indeed more difficult to

disperse and some other properties may be affected. 

2. Some Plastics Applications for CCB’s
CCB’s are essential for people safety and material protection against

deterioration. They are used in a wide range of polymer applications

like semicon layers of power cables, electronic packaging, computer

assembly stations, transporting elements (i.e. discharge hoses, carrier

trays), clean room equipment, antistatic flooring, automotive fuel

piping or conductive primers for electrostatic painting (3-4). 

3. Route to make CCB filled plastics parts
As the transition from an insulating to a conductive material

occurs very quickly, in a narrow window of a minimum CB con-

centration, it is highly recommended to make a COMPOUND

rather than a masterbatch. Transformers should use a conductive

compound rather than diluting a masterbatch, for the main tech-

nical and practical reasons: 

• the sharp transition from insulating to conductive properties

would require constant very accurate dilution/dosage, 

• the minimum level of CB necessary in the final part may be in the

range of 8-20% by weigth; a materbatch would have to contain

very high levels of CCB to allow a profitable dilution, 

• viscosities of masterbatches and dilution polymers would be very

different

• quality control of ‘conductive masterbacthes’ would be hard

to monitor

The COMPOUND route puts together the chances to make

more homogeneous final parts, but the realisation of a conductive

compound requires a certain knowhow, as conductivity is also rarely

the only final requirement.

Suitable compounding equipments include internal mixers, mixing

extruders (Co-Kneaders or twin screws) or mix-techniques like LCM. 

POLYOLEFINS 2007
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(Conductive Carbon Blacks – continued from page 3)

(continued on page 6)
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Compounding can be subdivided into incorporation and mix-

ing/dispersion. Dispersion can be split into polymer-CB wetting, CB

de-agglomeration, and forced inclusion of the polymer into the high

void volume of the CCB. The handling and incorporation of HS/low

bulk density, soft-type CB is probably the most critical step of com-

pounding. Theoretically: 

• the HS tends to ease the de-agglomeration step (higher average

distance between the CB agglomerates, leading to lower Van der

Waals attraction forces), 

• the LSA tends to ease the wetting step (better mobility), 

• HS/LSA combination leads to easy dispersion and smooth surface

finish, but ‘very high structure (VHS)’ CB’s, having also a higher

surface area (or inner particle porosity) are harder to disperse,

probably because of their lower mobility for wetting, higher inter-

face with the polymer and more chain entanglements. 

EXPERIMENTAL 

1. CCB’s description
Most of the CCB’s studied (table 1)are ENSACO™-type coming

from the proprietary partial combustion process of Timcal Belgium,

which delivers either ‘very high structure / very high surface area

(VHS/VHSA)’ or ‘high structure / low surface area (HS/LSA)’ CB’s.

They have a low oxygen content (low number of chemisorbed oxy-

genated species), a high graphitisation level (favouring both

electrical and thermal conductivity), a very high purity level (metal,

sulphur, coke…) and a soft, flake-type form as neither water nor

additives are used in any of the fabrication steps including granula-

tion (3,5). The HS/LSA family is aside from the most common

furnace CCB’s which have a ‘high structure / high surface area

(HS/HSA)’. 

2. Compounding and processing
Our results have been generated using different types of compounding

and processing equipments (table 2 and all figures). Here is an

example of compounding and feeding equipment used to make con-

ductive polypropylene compounds with HS/LSA CB’s (6): 

• ZSK 25 TWIN SCREW EXTRUDER, co-rotating, closely inter-

meshing, L/D= 44, 11 barrels 

• SPLIT FEEDING: the polymer is introduced first, and the low

bulk density CCB is added downstream, in the barrel 4 of the

extruder via a twin screw side feeder, itself fed with a K-Tron

gravimetric twin screw feeder with agitator. 

3. Volume resistivity (VR) measurements
VR was measured using a method based on ASTM D257 when

antistatic (via an electrometer), or ASTM D4496 when conductive

(‘4-point contact’ method). 

(continued on page 7)

(Conductive Carbon Blacks – continued from page 4)
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