29th Annual Conference on
Recent Advances in Flame
Retardancy of Polymeric
Materials (FLAME 2018)

Stamford, Connecticut, USA
20 - 23 May 2018

ISBN: 978-1-5108-8077-1



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© (2018) by BCC Research LLC
All rights reserved.

Printed by Curran Associates, Inc. (2019)

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

BCC Research LLC

49 Walnut Park, Building 2
Wellesley, MA 02481
USA

Phone: 866-285-7215
Fax: 781-489-7308

info@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: 845-758-2633

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



TABLE OF CONTENTS

A Tunable and Facile Fabrication of Flame-retardant Carbon Fiber - Reinforced Epoxy Resin

COMIPOSITES ...ttt b et b et h btk e bt b e e e e bt e b £ e b e e b€ eH e b e £ ea e b £ eh e eE €4 E e b€ AE e R b e R £ eh e e b e e b e e b e nE e b e e e me e b e e bt eb e nbeebenn et e seene et 1
Y.-Z. Wang

Life is Branched - Hyperbranched Polyphosphoesters, -DI/Amidates and -Amides in Epoxy Resins ...........cccccceeueee. 22
A. Battig, J. Markwart, F. Wurm, B. Schartel

Recent Developments in Flame Retardant COPOIYESTEIS. ........ccvii ittt sttt sbe e s 36
R. Young, J. Hofmann, K. Cable, G. Armstrong

LEVAPREN/Ethylene Vinyl Acetate Rubber (EVM) for Improved Flame Retardancy..........cccccocevvvvviivieneveniereennnn, 57
J. Stumbaum, M. Hoch, V. Nasreddine

Functional Deoxybenzoin MONOMErS and POIYIMETS.......c..ciiiiiiiiiieieeese ettt bbb e 75
T. Emrick

Facing Hellfire-Ceramifying Coatings for EXtreme CONAitiONS ...........ccooiiiiiiineieieese e e 91
M. Morys, S. Kruger, B. Schartel

Eco Efficient Flame Retardant Self-stratifying Coatings for PIastiCs ...........cccoieiiiiniiiiecc e 105
M. Jimenez

The Effect of Mounting Methods 0N IMO FTP Part 5 ........cccciiiioiiiceie ettt st ra et sne 129
M. Blais

Real-Scale Uphostered Furniture Flammability and Effect of Silicone-Based Backcoating...........c.ccoccooeveieiinencne. 137
I. Kim, S. Kim, A. Hamins, A. Thompson, S. Nazare, M. Zammarano

Protective Coatings for Wood-Based Materials in Wildland-Urban Interface (WUI) Fires..........ccocooviniiiinicncne. 139
L. Dubrulle, M. Zammarano

Tannin-based Bio-derived Polyphenols as Flame Retardants............ccccooiiiiiiiiiicieiseee e 143
Z. Xia, W. Kiratitanavit, S. Yu, S. Thota, J. Kumar, R. Mosurkal, R. Nagarajan

Functional Deoxybenzoin MonomMers and POIYIMEIS..........cviiiiiiiieieiee sttt sbe et sestesbenees 147

E. Stubbs, M. Brown, A. Steele, A. Lesser, T. Emrick
P-5: A Novel Flame-retardant and Anti-dripping PET Copolyester: Thermal Rearrangement Toward

RETANTANCE ... et bR R h bR bR Rt Rt e R 149
B.-W. Liu, L. Chen, Y.-Z. Wang
P-6: A Novel Inherent Flame-retardant Copolyester Containing Aryl Ether Structures............cccocooviiveneiciniencee. 151

T. Fu, D.-M. Guo, X.-L. Wang, L. Chen, Y.-Z. Wang
Self-standing Cuprous Oxide Nanoparticles on Silica@Polyphosphazene Nanospheres: 3D
Nanostructure for Enhancing the Flame Retardancy and Toxic Effluents Elimination of Epoxy Resins

Via Synergistic Catalytic EFfECT.........c.ciiiiiiiiccse ettt ettt et e e et e teebesbeste st e e enseraane s 153
S. Qiu, Y. Hu

Thermal Decomposition and Fire Properties of High Performance POIYMErsS...........ccocviiiiiiiiiiinieneneceescseine 156
A. Ramgobin, G. Fontaine, S. Bourbigot

Flame Retardant Formulations Containing Radical Forming Agents for PET P-9.......ccccoiiiiiiiiiieneeeeeesee 159

D. Goedderz, M. Doring, C. Fasel, R. Riedel
Thermal Properties and Flammability of Polylactic Acid Composites with Polyhedral Octaphenyl

Y| =0 [U o )= g I OSSPSR 161
L. Jia, J. Li, B. Tong, R. Yang

Study on the Thermal Stability and Flame Retardancy of Nitrocellulose............c.coeveiiiiiiiiciciicsccce e 164
X. Yang, J. Hao

Superefficient Flame Retardant for Poly(lactic acid) - Phenylphosphonic Bis (2-aminobenzothiazole) .................... 166
B. Fei

Tg Improvement and Thermal Stability Enhancement of Polyolefins by Incorporating POSS ............ccocoieiiiieene 169
B. Yang

Flame Retardancy, Mechanical Properties and Friability of Phenolic Foams Modified by Graphene

(O )t (o L= o 1Y o] o o OSSR 173

Z. Wang, X. Li
Chemical Functionalization of Flame Retardant Materials on Nylon-Cotton Blend for Durable FR

(04 (11 g1 g To N o] o] [[o3=1 o] o OSSOSO SO U SRR P TSP 190
J. Player, P. Yip, T. Tiano, J. Kumar, R. Nagarajan, S. Thota, Z. Xia, Y. Shiran, K. Weeradech

Brominated and Phosphorus Flame Retardants in Latex Backcoatings for Textiles...........coooveiiiiienencieicseneee, 207
R. Mathur, J. Chaya, J. Reed, D. Schryver

Water-Based Flame Retardant Nanocoatings for Foam and FabriC..........cc.ccoiiiiiiiiciiii e 214

J. Grunlan



Flame Retardant Finishing of the 50/50 Polyester/Cotton Blend Fabric ............cocooiiiiiiiiiiicee e 237
C. Yang, Q. Chen, H. Yang

Blueedge™ Flame Retardant Technology - A Transition to a Polymeric Flame Retardant for

POIYSTYIENE FOAMS ......etiieieeet ettt ettt b et et e s e st e b e et e e b et et e e ene e R e e b e e bese et et en s eseebe et e stenbe e ensereanennen 255
S. Kram, J. Davis, K. Kearns, M. Beach, J. Hui, Y. Lai, J. Stutzman, C. Lukas

Development of Flame Retarded Polyamide Multifunctional Yarns...........cccccoeeeiiiciiiieie i 262
C.Fu

Novel Flame Retardants for the Flexible Foam MarKet ... 275
Z. Chen

Revisiting the Degradation and Flame Retardant Performance of Polyisocyanurate FOams ...........cc.ccocveieicencne. 287
M. Beach, J. Zhang, J. Reyes, P. Boopalachandran, D. Dielman, K. Suryadevara, D. Ren

New Concepts for INtumesCent POIYOIETINS. ..........ciiiiicc et 301
S. Bourbigot

Flame Retardation of Polymer via Reactive EXTIUSION .........c.ccviiiiiiiiiiice ettt nan 312
P. Simonetti, K. Salmeia, R. Nazir, C. Hirsch, S. Gaan

Phosphorus Flame Retardants from Naturally-occurring Multihydroxybenzoic ACids...........ccocevvninincniinencne, 325
B. Howell, K. Oberdorfer, E. Ostrander

Organophosphinate Flame Retardants for Versatile Polymer Applications ...........ccoooviiiiiiieiciiise e 347
S. Narayan

Screening Flame Retardants Using Milligram-scale Flame Calorimeter..........c.ovvieiiiinieincense s 361
S. Stoliarov, F. Raffan-Montoya, S. Levchik, E. Eden

The Importance of MCC Calibration & How Calibration Factors Can Affect Test ReSUItS ...........ccocevvevercriiicninne 368
M. Schall

Using the Microscale Combustion Calorimeter to Compare MaterialS ..........ocooeiiiiiiiiiiieeeeee e 377

R. Lyon, N. Safronava, R. Walters, S. Crowley
Effect of Oxygen Concentration on the Ignition Temperature of Polymers Measured Using Thermal

F AN Q1) TSSOSO 392
N. Safronava, R. Lyon

The Effects of Compounding Regulations on an Aircraft OEM...........ccccoviiiiiiiieieiiie e 402
C. Wilson, C. Adams, R. Bartholomew

Multi-Functional Polymer Composites: From Micro-Structure to PErformance ... 414

Y. Guo, Y. Xue, X. Zuo, M. Rafailovich, D. Luntz, K. Wagar, K. Rao
Author Index





