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Addi$ves in asphalt and concrete

•  SWCNT,	>	5um	long	
•  Amorphous	silicas	
•  Calcium	silicate	
•  Zn	NPs		
•  Graphene	and	
func3onalized	graphenes	

•  Nanocellulose	
•  Organo-silanes	
•  Proprietary	addi3ves	(e.g.	
FASS-DRI)	TM	



Addi$ves in Coa$ngs/Paints

• Graphene		
• MWCNTs	
• Metal	oxide	nanopar3cles		

•  Al2O3,	surface	modified	silica,	ZnO,	CeO2,	SiC,	TiO2,	CaCO3	

•  3-D	(proprietary	polymer	networks:	nano	–	clear	coa3ngs	
•  Several	proprietary	nanopar3cle	addi3ves	for	improved	barrier	
resistance,	hydrophobicity,	an3microbial	ac3vity	in	paints,	etc.	

•  Nano	shield		



Real-world nano experiences to leverage for 
advanced materials/technologies

• Nano-addi3ves	in	advanced	polymer	nanocomposites	synthesis	and	
processing	

•  Mul$ple	pubs	inves$ga$ng	exposure-disease	in	workers	

•  Engineered	nanomaterial	addi3ves	in	toners	
•  Mul3ple	pubs	exploring	PCM	proper3es,	chemistry,	and	toxicology	

•  Industrial	steel	structure	coa3ngs	in	construc3on	
•  Mul3ple	pubs/years	inves3ga3ng	product	chemistry,	exposures,	
biomonitoring,	PPE	tes3ng,	and	impact	on	workers’	health	

	



Coa$ng systems as a prac$cal example

Process: Sequential coating layers 

Sand	blas3ng	to	clean	the	surface	

Primer	coa*ng	
High	solids,	Zn-rich,	epoxy	rich	-	polyamide	formula3on	

Mid-coat		
Epoxy-based	reac3ve	systems	

Top-coat		
Alipha3c	isocyanate-based	reac3ve	systems)			

•  The general industrial coatings sector is expected to reach 8.9 million metric tons in paints/coatings and $23B 
value in global sales by 2020; 

•  More	than	56,000	bridges	in	the	United	States	are	in	need	of	repair	or	replacement;		 
•  Industrial painter = Class 1 human carcinogen by IARC! (No idea what agents cause cancers)  
•  Little field research focusing on implications 	
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Zn,	Zn-Org,		
Quartz,	NanoQuartz,	TiO2		

	
	
	
	

HARDENERS:	
AMINES	(10+	types)	
	&	Polyols		
	

SOLVENTS	
(10+)	

	
Zn,	TiO2,Fe2O3,	

nano/Quartz,	etc.	

Nano	FILLERS		

Other	
addi3ves	

Part	B	
Reac$ve Systems: Steel structure coa$ngs example 

A	 B

EPOXY	(BADGE)	
or	

ISOCYANATE	
(pHDI,	pMDI,	pTDI,	
+	proprietary	hybrid	

chemistries)		
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CATALYSTS	

Spray	pain*ng	&	roller/brush	appl.	



Qualified coa$ng products for use 
on highway bridge steel 
 by Northeast Protec$ve Coa$ng 
CommiEee (NEPCOAT)

§  List	A-Inorganic	primer	three	coat	
system	
§  6	products	

§  List	B-Organic	primer	three	coat	
system		
§  22	products	

§  List	C-	Organic	primer	two	coat	
system	

§  List	D-	Inorganic	primer	three	coat	
system	
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Some lessons from nanotechnologies of the past two decades

1.	Formula3ons	that	have	penetrated	the	market	are	onen	tested	and	
cer3fied	as	superior	performance	products	–	e.g.	paints	used	in	
industrial	steel	structure	coa3ngs	
	
Q1:	How	does	the	addi3on	of	nano/	advanced	material	in	a	
formula3on	transform	proper3es	of	the	product?		
Is	nano	=	transforma3ve	in	materials	proper3es?	
	
We	should	also	ask	with	the	same	level	of	urgency:	
Q2:	How	does	the	addi3on	of	nano/advanced	material	in	a	formula3on	
impact	toxicity/safety	of	a	product	along	the	product	lifecycle	?		



Some lessons from nanotechnologies of the past decades

2.	Nano	addi3ves	are	only	one	component	of	largely	complex	and	
poorly	understood	mixtures	

•  Assessment	of	risk	lags	evalua3on	of	product	performance	by	many	years	

•  Not	meaningful	or	useful	to	single	them	out	for	the	purposes	of	risk/health	
impact	assessment	

	
•  Inves3ga3on	of	toxicity	and	PCM	proper3es	of	raw	nano	/advanced	material	
is	only	a	star3ng	point	–	necessary	but	not	sufficient	

	
•  Nano	component	–	some3mes	blamed	inappropriately	for	toxicity		

•  Remember	the	Song	et	al	2008	paper	on	nanotechnologies*	

	*	Song	Y,	Li	X,	Du	X	(2009)	Exposure	to	nanopar3cles	is	related	to	pleural	effusion,	pulmonary	fibrosis	and	granuloma.	Eur	Respir	J	34:	559-567	



Some lessons from nanotechnologies of the past decades

3.	New	methods,	tools,	and	plauorms	are	needed	to	meet	the	
challenge	of	metrology/PCM	characteriza3on	of	nano/advances	
materials	in	commercial	formula3ons	

•  Altera3on	of	PCM	proper3es	of	advanced	/	nano	material	in	complex	
products	due	to	matrix	effects	

•  Altera3on	of	product	proper3es	due	to	nano	/advanced	material	addi3ve	
•  Assays	to	assess	risk	from	exposures	to	nano-enables	products	along	their	life	
cycle		

•  CPSC	and	NIOSH	to	be	commended	for	funding	research	in	this	space	(3-D	prin3ng,	NP	
from	tonners	etc.,	e-cig,	etc.)		

•  Test	methods	to	assess	PPE	performance	under	realis3c	condi3ons	–	
penetra3on	and	permea3on	tests	for	gloves	and	garments	example			



Some lessons from nanotechnologies of the past decades

4.	We	are	not	good	at	predic3ng	future	risks	/	liabili3es		
	
a.	Sandblas3ng	of	exis3ng	paints	on	steels	structures	from	30+	yrs.	ago		
Regulatory	driver	–	Pb	exposure;	S3ll	poorly	controlled		
b.	Construc3on	a	leading	consumer	of	PFAS	–	just	emerging	

1.	Surface	cleaning	/sand	blas3ng	



For considera$on

• How	to	handle	the	‘proprietary’	nature	of	nano/advanced	
formula3ons		

• Who	is	responsible	for	funding/developing	methods	for	
characteriza3on	of	nano/advanced	materials	in	new	commercial	
formula3ons?		

•  Is	there	room	for	standardiza3on	of	test	methods	for	characteriza3on	
of	these	new	’nano	or	proprietary	addi3ves’	?	

• Who	is	responsible	for	developing	test	methods	for	evalua3on	of	PPE	
performance	of	emerging	advanced	materials	/	products?	



Thank you!

Serious	and	meaningful	discussion	on	these	topics	is	the	best	insurance	policy	for	
harves3ng	the	greatest	benefits	of		new	technologies	in	the	long-term!	
And	minimizing	future	liabili3es….	
	


