20th Annual Conference on Recent
Advances in Flame Retardancy of
Polymeric Materials 2009

Stamford, Connecticut, USA
1-3 June 2009

Editors:

Menachem Lewin

ISBN: 978-1-61567-946-1



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2009) by BCC Research
All rights reserved.

Printed by Curran Associates, Inc. (2010)

For permission requests, please contact BCC Research
at the address below.

BCC Research
35 Walnut Street, Suite 100
Wellesley, MA 02481

Phone: (781) 489-7301
Fax: (781) 253-3933

sales@bccresearch.com

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

SESSION I: GENERAL PAPERS AND REVIEWS

I-A 20 YEARS OF THE BCC CONFERENCE—LOOKING BACK AND
LOOKING FORWARD ....ccccettetteceeceecceccscescesccnccsscescescoscessesscsscsscsscescences 1
Edward D. Weil
Research Professor
Polytechnic Institute of NYU

I-B THE ROLE OF THERMAL DECOMPOSITION KINETICS IN
POLYMER FLAMMABILITY ....cccctuttttetetiecerectcerecasesesssesssacacesesesssssnns 11

R. E. Lyon

R. N. Walters

Airport and Aircraft Safety R&D Division
Federal Aviation Administration

William J. Hughes Technical Center
Atlantic City International Airport

N. Safronava
S. I. Stoliarov
SRA International

I-C RECENT DEVELOPMENTS IN MODELING THE DISPERSION AND
AGGLOMERATION OF CARBON NANOTUBES IN POLYMERS............. 20
Marc R. Nyden
Sameer S. Rahatekar
Building and Fire Research Laboratory
National Institute of Standards and Technology
Gaithersburg, MD 20899
E-mail: marc.nyden@nist.gov

I-D EFFECTIVE THERMAL CONDUCTIVITY OF INTUMESCENT
CHARS BY DIRECT NUMERICAL SIMULATION .....cccccceteieieienenrececenenes 25
J. E. J. Staggs
Energy Resources Research Institute
University of Leeds
Leeds LS2 9JT
United Kingdom



Recent Advances in Flame Retardancy of Polymeric Materials, 2009

I-E

I-F

TABLE OF CONTENTS

EXPERIMENTAL-MODELING APPROACH FOR PREDICTING
RADIATION AND CONDUCTION HEAT TRANSFER THROUGH A
UNIFORM, HIGHLY-CHARRING FOAM .....ccccccceeteeceercescenconconccnscnscencene 38

K. L. Erickson

M. C. Celina

R. E. Hogan

V. F. Nicolette

J. H. Aubert

Sandia National Laboratories

KINETICS AND FLAME SPREAD ISSUES IN FIRE SCIENCE:
TOWARDS VIRTUAL DESIGN OF MATERIALS.......ccccccectterurerececececacnes 51
Guillermo Rein
Nicolas Bal
BRE Centre for Fire Safety Engineering
University of Edinburgh, UK

PHOSPHORAMIDATE FLAME RETARDANTS: MECHANISM AND
APPLICATION 68

Sabyasachi Gaan

Viktoriya Salimova

Manfred Heuberger

Patrick Rupper

Laurie Mauclaire Schoenholzer

EMPA, Material Science and Technology

St. Gallen, 9014, Switzerland




Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

SESSION II: HALLOGEN AND NON HALLOGEN FLAME
RETARDANTS

II-A FUNDAMENTAL STUDIES OF THE MECHANISTIC ACTION OF
PHOSPHORUS AND SULFUR AS KEY ELEMENTS FOR FLAME
RETARDANT ACTIVITY IN POLYSTYRENE-FLAME
RETARDANT BLENDS .....ccccecttitituieitreieitececeieecececcecsseecessssesassssessssssnes 78

Mark Beach, Ravi Shankar, Joe Kiefer, Bruce Gerhart, Robert
Froese, Jack Kruper, Terry Hu

Corporate Research and Development

Dow Chemical Company

Midland, MI 48667

Michelle Hudack, Bill Stobby, Ted Morgan
Research and Development

Dow Building Solutions

Dow Chemical Company

Midland, MI 48667

John Green

Corporate Research and Development
Dow Chemical Company

Plaquemine, LA 70764

Oleg Korobeinichev, Andrey Shmakov, Vladimir Shvartsberg
Institute of Chemical Kinetics & Combustion
Novosibirsk, 630090 Russia

II-B FLAME-RETARDING PERFORMANCE OF PHOSPHORUS
COMPOUNDS IN EPOXY RESINS.....cccccttttererecerececacasacssssssssssscssssssases 85
Jan Diederichs, Michael Ciesielski, Kai Stoess and Manfred Doering*
Karlsruhe Research Center, Institute for Technical Chemistry
Germany



Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

II-C FIREBRAKE® ZB AND TALC PERFORMANCE IN EPOXY

INTUMESCENT COATINGS......cccectetuturururececececacecacacesasasescncenes

Saied H. Kochesfahani, Forrest Hentz
Rio Tinto Minerals
Denver, CO

Jean-Jacques Pauley, Frederic Jouffret
Rio Tinto Minerals
Toulouse, France

Kelvin K. Shen

Consultant
Rio Tinto Minerals

II-D INNOVATIVE FLAME RETARDANT SYSTEMS FOR

THERMOPLASTIC POLYMERS BASED ON A NOVEL PHOSPHORUS
TECHNOLOGY ...cctittururururernrarecaceresecesesesssssssssssessssssssssssssssssssssssssns

Ugo Zucchelli

Norberto Gatti

[talmatch Chemicals S.p.A,

Via Pietro Chiesa 7/13 Torri Piane
San Benigno 16149 Genova, Italy

II-E HALOGENATED ARYL SILOLES AS PRECURSORS TO FLAME
RETARDANT POLYMERS/OLOGOMERS .......cccceeuteteenrncencecacencecencens

Bob A. Howell

Young-Jun Cho

Center for Applications in Polymer Science
Central Michigan University

Mt. Pleasant, MI 48859-0001

Vi



Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

II-F MODE-OF-ACTION OF SELF-EXTINGUISHING POLYMER BLENDS
CONTAINING ORGANOCLAYS ....ccceittuteieureceiencaceicecscecssssensecsssnsscsnns 132
Seongchan Pack, Jaseung Koo, Jonathan C. Sokolov 2
Miriam H. Rafailovich* 2b. Tadanori Koga 2:b:
a Department of Materials Science and Engineering
b Chemical and Molecular Engineering Program
State University of New York at Stony Brook

Takashi Kashiwagi

Fire Research Division, National Institute of Standards and
Technology

Gaithersburg, MD 20899-8665

Mayu Si

Engineered Products Research Center
Goodyear Technical Center

Akron, OH 44309

SESSION III: NANOCOMPOSITES IN FLAME RETARDANCY

III-A RECENT ADVANCES IN THE USE OF NANO-
DIMENSIONAL MATERIALS IN FIRE RETARDANCY......cccccceceieneennnes 155
Charles A. Wilkie
Department of Chemistry and Fire Retardant Research Facility
Marquette University
P.O. Box 1881
Milwaukee, WI 53201

III-B  NEW OBSERVATIONS ON THE FLAMMABILITY OF
NANOCOMPOSITES .....ccccutuieurureienrnceienrececresacsssesssssessssssscsssesssssssssscs 160
Feng Yang
Gordon L. Nelson*
College of Sciences
Florida Institute of Technology
Melbourne, FL 32901

vii



Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

III-C POLYHEDRAL OLIGOMERIC SILSEQUIOXANE (POSS)

NANOCOMPOSITES AT ELEVATED TEMPERATURES:

MIGRATION AND CREATION OF NEW SURFACES .....cccccetutetenennannee 171
Menachem Lewin
Yong Tang
Polymer Research Institute and Department of Chemical and
Biological Scienc
Polytechnic Institute of NYU
*Correspondence to: Professor Menachem Lewi

III-D NEW NANOSTRUCTURATED FLAME RETARDANTS—FICTION
[0) T3 23 D7.'V 13 f N 4 s 191
Gunter Beyer
Kabelwerk EUPEN AG
B-4700 Eupen, Belgium

III-E STRATEGIES FOR ADAPTING NANOMATERIALS FOR FIRE
RETARDANCY OF POLYMERIC MATERIALS.......cccccceetttuceiencncaennnes 200
Jeanne M. Hossenlopp
Stephen Majoni
Marquette University
Department of Chemistry
Milwaukee, WI 53201

III-F INTERFACES IN POLYOLEFIN BASED FIRE RETARDED
NANOCOMPOSITES ....ccoututurerecererececesencrerecesesesssasscssasasassssssssssssassses 206
Gy. Marosi
B.B. Marosf6i
B. Bodzay
H. Pataki
P. Anna
Budapest University of Technology and Economics
E-mail: gmarosi@mail.bme.hu

III-G NANOCLAYS FOR USE IN PVC .....ccccetuteitiniiincrcrcrcscrisesesesesesesecssssssnes 218
D. L. Hunter
Southern Clay Products
Gonzales, TX 78629

viii



Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

SESSION IV: CONSUMER FOCUS AND INDUSTRIAL
APPLICATIONS

IV-A FLAMMABILITY, THERMAL AND MECHANICAL PROPERTIES OF
EPOXY/CARBON NANOTUBES COMPOSITES .....ccccceceteterrcecececencnes 228
Maria Wladyka-Przybylak
Dorota Wesolek
Weronika Gieparda.
Institute of Natural Fibre
Poznan, Poland

Anna Boczkowska
Ewelina Ciecierska
University of Technology
Faculty of Materials Science and Engineering
Warsaw, Poland

IV-B  FLAME RETARDANCY IN PC/SILICONE RUBBER BLENDS USING BDP
AND ADDITIONAL ADDITIVES ..cctiuieietercrrececercrcececesssssecesessssssesesessns 243
Eliza Pikacz, Henrik Seefeldt, Bernhard Schartel, Ulrike Braun,
Andrea Karrasch,
1 BAM Federal Institute for Materials Research and Testing,
Unter den Eichen 87, 12205 Berlin, Germany

Christian Jager

BAM Federal Institute for Materials Research and Testing,
Richard-Willstaetter Str. 11, 12489 Berlin, Germany
bernhard.schartel@bam.de

IV-C LOW ANTIMONY TRIOXIDE FLAME RETARDANT PLASTICS FOR
ELECTRICAL AND ELECTRONIC APPLICATIONS......ccccceeteeccaccnscnnces 254
S. Levchik, G. Alessio
ICL-IP America
Ardsley, NY, 10502

I. Finberg, R. Shtekler, Y. Bar-Yaakov. P. Georlette
ICL-IP
Beer Sheva 84101, Israel



Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

IV-D ACCELERATED WEATHERING OF FIRE-RETARDANT-TREATED

IV-E

IV-F

IV-F

WOOD FOR FIRE TESTING .....cccccetteteteetercacescoscscescscesssssssosssssssssascase 264
Robert H. White
U.S. Forest Service
Forest Products Laboratory
Madison, WI 53726-2398

FIRE BEHAVIOUR OF RIGID FOAMS MODIFIED WITH
GLYCOLYSATES OF POLYURETHANE WASTE.....cccccevttetetercnnacecencnes 277
Aleksander Prociak, Stawomir Michalowski
Jan Pielichowski
Cracow University of Technology
Cracow, Poland,

Krzysztof Bujnowicz, Ryszard Koztowski
Institute of Natural Fibres and Medicinal Plants
Poznan, Poland

INFLUENCE OF CARBON NANOFIBER TYPOLOGY ON CELL
STRUCTURE, FOAMABILITY AND FLAMMABILITY OF
POLYURETHANE FOAMS ....cccecuctcececacecscscscrcssesesesesesscssssssssssssssssssses 282

Mauro Zammarano, Szabolcs Matko, Jeffrey W. Gilman

Building and Fire Research Laboratory

National Institute of Standards and Technology

Gaithersburg, MD

FLAME RETARDANT FINISHING OF COTTON FLEECE USING NON-
TRADITIONAL FLAME RETARDANTS ...cccoctitietercrcecncecescscacacescscssaces 284
Charles Q. Yang, Xialing Wu
Department of Textiles
The University of Georgia
Athens, GA 30602



Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

SESSION V: ENVIRONMENTAL AND TOXICITY ISSUES OF
NANOCOMPOSITES

V-A CARBON NANOTUBES: AN ADVANCED SOLUTION FOR FIRE
PROTECTION LATEST DEVELOPMENTS AND RELATION WITH
HSE AND REGULATORY MATTERS .....ccccottutuietnrnceccncececesecenceceeens 298
Frédéric Luizi*
Michaél Claes
Marie Del Tedesco
Nanocyl SA, rue de l'essor
4, 5060 Sambreville, Belgium

V-B NOVEL ORGANIC-INORGANIC HYBRID POLYBOROSILOXANES AS
ENVIRONMENTALLY SAFE FLAME RETARDANT MATERIALS ...... 300
Ravi Mosurkal*, Jason W. Soares, Romy Kirby, Wayne S. Muller
US Army Natick Soldier Research Dev. and Engineering Center
Natick, MA

Jayant Kumar

Center for Advanced Materials
University of Massachusetts
Lowell, MA

V-C NANOCLAY/ORGANOCLAY TOXICOLOGY CONSIDERATIONS ......... 309
Karl Kamena
Commercial Manager
Southern Clay Products
Austin, TX

V-D FIRE TOXICITY OF FIRE RETARDED POLYMER
NANOCOMPOSITES ....ccccteeeeecceecceeccenccesccccscssscssscsssssssssssssssssssssssssssce 310
Anna A Stec*
T. Richard Hull
aastec@uclan.ac.uk

Centre for Fire and Hazard Science

School of Forensic and Investigative Sciences
University of Central Lancashire

Preston PR1 2HE, UK

Xi


mailto:aastec@uclan.ac.uk

Recent Advances in Flame Retardancy of Polymeric Materials, 2009

TABLE OF CONTENTS

SESSION V1: TESTING AND STANDARDS OF FLAME
RETARDANT CHEMICALS

VI-A CONVECTIVE HEAT TRANSFER IN THE CONE CALORIMETER...... 323
M. Janssens, C. Gomez
Southwest Research Institute®
San Antonio, TX 78238-5166

VI-B PLASTIC SIDING, US REGULATORY REQUIREMENTS, AND FIRE
SAFETY ..uiiiiiiiiiriieicercertercescescoscosscessessescescoscossossssssessescessessosssssssssanse 336
Marcelo M. Hirschler and Timothy T. Earl
GBH International
2 Friar’s Lane
Mill Valley, CA, 94941

VI-C THERMAL DEGRADATION AND COMBUSTION BEHAVIOR OF
POLYPROPYLENE/MWCNT COMPOSITES ......ccccccoutertureiencncecencecencens 361

Zaikov G.E, Rakhimkulov A.D., Lomakin S.M., Shchegolikhin A.N.,
Davidov E.Ya.

NM Emanuel Institute of Biochemical Physics of Russian Academy of

Sciences

119334 Moscow, Russia

I. L. Dubnikova

NN Semenov Institute of Chemical Physics of Russian Academy of
Sciences

Moscow, Russia

R. Kozlowski
Institute of Natural Fibres
60-630 Poznan, Poland

VI-D MICRO TO MESOSCALE TESTING AND MODELING FOR
NANOCOMPOSITE POLYMERS IN FIRES: PREDICTION OF
PYROLYSIS OF POLYMER NANOCOMPOSITES IN THE CONE
CALORIMETER.......cccoctturururecacacereceseieserecesesesecessssssssssssssssssssssssesases 379

Michael A. Delichatsios
Jianping Zhang
FireSERT

University of Ulster

Xii





