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MARKET	TRENDS

Canadian researchers and manufactur-
ers are leading the world in learning 
how to create new uses for nanocel-

lulose, a major component of trees. Industries 
from aerospace and automotive to pharma-
ceutical and security are lining up, paying 
up and teaming up to learn how to use this 
strong and versatile material to improve 
existing products and develop new ones.

Canada is “absolutely” on the front of the 
world stage in the ability to industrialize the 
production of this material, according to Dr. 
Richard Berry, a program manager at FPIn-
novations, a private, not-for-profit Canadian 
forest research institute. There, he pioneered 
the effort to liberate nanocellulose in indus-
trial quantities from pulp. 

To avoid confusion, FPInnovations coined 
the term nanocrystalline cellulose (NCC) for 
the particular form of nanocellulose it makes; 
the crystallites it produces are uniformly 150-
200 nanometres long and 5-10 nanometres 
in diameter.

“A lot of other people are talking about 
nanocellulose, but we don’t always know what 
their versions of it are,” says Dr. Ron Cro-
togino, president and CEO of the Canadian 
Forest Nanoproducts Network. Officially 
called ArboraNano, it was created last year 
by Industry Canada’s Business-Led Network 
of Centres of Excellence program. Arbo-
raNano has almost $9 million and a four-
year mandate to bring together researchers 
and industry to develop new products based 
on forest-based nanomaterials, particularly 
NCC. Other public and private sources are 
providing matching funding.

Unlike nanorobots, say, NCC is not a 
mysterious human invention, purposefully 
made tiny for working in small places. The 
crystallites just happen to be vanishingly 

small. Mother Nature has been using NCC 
in plants since long before dinosaurs woke up 
hungry and its tremendous strength is one of 
the reasons trees can soar as high as 379.1 feet 
(115.56 metres) — the world record, inciden-
tally — without collapsing on themselves.

Also called cellulose nanocrystals, the 
material was first isolated in 1949, according 
to Berry. The cellulose in pulp is up to 70% 
NCC, which is a crystalline cellulose, and 
about 30% amorphous cellulose, give or take. 
Liberate the crystalline from the amorphous 
cellulose and, voilà, you have NCC to go.

Production	scaling	up
The nut that Canadian 
researchers have cracked is 
how to extract NCC from 
wood in industrial quan-
tities. At the FPInnova-
tions laboratory in Pointe 
Claire, Que., a batch 
process is capable of pro-
ducing kilogram quantities 
per day. A commerical-scale, 
one-tonne per day demon-
stration plant is now under 
construction at Domtar’s 
Windsor pulp and paper facil-
ity. The $32-million facility is 
a joint venture between Domtar and FPIn-
novations, with Natural Resources Canada 
and Quebec’s Natural Resources and Wildlife 
Ministry contributing $10.2 million each to 
FPInnovations’ portion of the venture.

A whole sack of nuts that FPInnovations 
and its university and industry partners are 
busy cracking is how to use NCC and its 
properties to enhance existing products and 
contribute to the manufacture of new ones. 
The National Sciences and Engineering 

Nanocellulose	
steps	up	on	stage
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Nanocrystalline cellulose 
could be used in a 
variety of products. 
(Photo courtesy of 
FPInnovations)

A one-tonne per day demonstration plant is in the works, and manufacturers are lining up to explore 
the potential of these tiny particles. By Carroll McCormick
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version	1	ss	page	_id	12244	_pageFooterCoords	63.5 78.0 63.5 627.0	_pageHeaderCoords	825.0 78.0 825.0 627.0	_pageNumber	15	_uiDocName	015C July August  DE	_section	 	_status	rev	ss	CS	NW	570	LW	McCormick	LWI	570	se	CS	numGroupedBoxes	3	ss	BS	ss	BG	ss	B	co	810.3 485.7 801.5 584.9	id	13083	sBU	1	sl	nanocellulosest	suT	built	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	TLR	co	810.3 485.7 801.5 584.9	id	12959	n	body	suT	body13	se	B	ss	BS	ss	BT	ss	B	bord	TLR	co	810.3 485.7 801.5 584.9	id	12840	se	B	aFS	13	sOP	1	w	11	hTS	1	iBld	1	w	12	hTS	1	iBld	1	se	BT	se	BS	se	BG	aFS	13	se	BGL	se	BS	se	BG	ss	BG	ss	B	co	760.9 78.0 85.0 627.0	id	72006	iExp	1	sBU	1	n	story	sl	nanocellulosest	suT	story	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	LR	co	760.9 131.7 670.5 537.4	id	12966	n	head0	uiSK	000003	se	B	ss	BS	ss	BT	ss	B	bord	LR	co	760.9 169.1 724.5 499.9	id	12924	se	B	aFS	54	sOP	1	w	519	hTS	1	iBld	1	se	BT	ss	BT	ss	B	bord	LR	co	706.9 131.7 670.5 537.4	id	12925	se	B	aFS	54	sOP	1	w	520	hTS	1	iBld	1	w	521	hTS	1	iBld	1	w	522	hTS	1	iBld	1	w	523	hTS	0	iBld	1	se	BT	se	BS	se	BG	aFS	54	se	BGL	ss	BM	ss	B	id	77631	sBU	1	jTpn	0	jTs	nextstory	jTio	1	jTtp	jumpto	n	jumpto	uiSK	010000	se	B	cn	see next story	se	BM	ss	BGL	ss	BG	ss	B	bord	LR	co	643.1 78.0 617.0 591.1	id	12973	n	head1	suT	body12	uiSK	200002	se	B	ss	BS	ss	BT	ss	B	bord	LR	co	643.1 78.0 635.0 591.1	id	12936	se	B	aFS	12	sOP	1	w	544	hTS	1	w	545	hTS	0	w	546	hTS	1	w	547	hTS	1	w	548	hTS	1	w	549	hTS	1	w	550	hTS	1	w	551	hTS	1	w	552	hTS	1	w	553	hTS	1	w	554	hTS	1	w	555	hTS	1	w	556	hTS	1	w	557	hTS	1	w	558	hTS	1	w	559	hTS	1	w	560	hTS	1	w	561	hTS	1	se	BT	ss	BT	ss	B	bord	L	co	625.1 78.0 617.0 254.2	id	12937	se	B	aFS	12	w	562	hTS	1	w	563	hTS	1	w	564	hTS	1	w	565	hTS	1	w	566	hTS	1	w	567	hTS	1	se	BT	se	BS	se	BG	aFS	12	se	BGL	ss	BGL	ss	BG	ss	B	bord	LR	case	titlecase	co	624.0 482.0 617.2 591.0	id	12974	n	byline	suT	body10	uiSK	300003	se	B	ss	BS	ss	BT	ss	B	bord	R	case	titlecase	co	624.0 482.0 617.2 591.0	id	12938	se	B	aFS	10	sOP	1	w	568	hTS	1	w	569	hTS	1	w	570	hTS	0	se	BT	se	BS	se	BG	aFS	10	se	BGL	ss	BM	ss	B	case	titlecase	co	760.9 78.0 85.0 627.0	id	77704	n	source	uiSK	330004	se	B	se	BM	ss	BGL	ss	BG	ss	B	co	608.7 78.0 86.0 584.6	id	8656	sBU	1	n	body	uiSK	400020	se	B	ss	BS	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	8715	uSOP	1	se	B	sOP	1	w	8657	hTS	1	aT	Canadian	w	8658	hTS	1	aT	researchers	w	8659	hTS	1	aT	and	w	8660	hTS	1	aT	manufactur-	w	8661	hTS	1	aT	ers	w	8662	hTS	1	aT	are	w	8663	hTS	1	aT	leading	w	8664	hTS	1	aT	the	w	8665	hTS	1	aT	world	w	8666	hTS	1	aT	in	w	8667	hTS	1	aT	learning	w	8668	hTS	1	aT	how	w	8669	hTS	1	aT	to	w	8670	hTS	1	aT	create	w	8671	hTS	1	aT	new	w	8672	hTS	1	aT	uses	w	8673	hTS	1	aT	for	w	8674	hTS	1	aT	nanocellulose,	w	8675	hTS	1	aT	a	w	8676	hTS	1	aT	major	w	8677	hTS	1	aT	component	w	8678	hTS	1	aT	of	w	8679	hTS	1	aT	trees.	w	8680	hTS	1	aT	Industries	w	8681	hTS	1	aT	from	w	8682	hTS	1	aT	aerospace	w	8683	hTS	1	aT	and	w	8684	hTS	1	aT	automotive	w	8685	hTS	1	aT	to	w	8686	hTS	1	aT	pharmaceutical	w	8687	hTS	1	aT	and	w	8688	hTS	1	aT	security	w	8689	hTS	1	aT	are	w	8690	hTS	1	aT	lining	w	8691	hTS	1	aT	up,	w	8692	hTS	1	aT	paying	w	8693	hTS	1	aT	up	w	8694	hTS	1	aT	and	w	8695	hTS	1	aT	teaming	w	8696	hTS	1	aT	up	w	8697	hTS	1	aT	to	w	8698	hTS	1	aT	learn	w	8699	hTS	1	aT	how	w	8700	hTS	1	aT	to	w	8701	hTS	1	aT	use	w	8702	hTS	1	aT	this	w	8703	hTS	1	aT	strong	w	8704	hTS	1	aT	and	w	8705	hTS	1	aT	versatile	w	8706	hTS	1	aT	material	w	8707	hTS	1	aT	to	w	8708	hTS	1	aT	improve	w	8709	hTS	1	aT	existing	w	8710	hTS	1	aT	products	w	8711	hTS	1	aT	and	w	8712	hTS	1	aT	develop	w	8713	hTS	1	aT	new	w	8714	hTS	1	aT	ones.	se	BT	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	8766	uSOP	1	se	B	sOP	1	w	8716	hTS	1	aT	Canada	w	8717	hTS	1	aT	is	w	8718	hTS	1	aT	“absolutely”	w	8719	hTS	1	aT	on	w	8720	hTS	1	aT	the	w	8721	hTS	1	aT	front	w	8722	hTS	1	aT	of	w	8723	hTS	1	aT	the	w	8724	hTS	1	aT	world	w	8725	hTS	1	aT	stage	w	8726	hTS	1	aT	in	w	8727	hTS	1	aT	the	w	8728	hTS	1	aT	ability	w	8729	hTS	1	aT	to	w	8730	hTS	1	aT	industrialize	w	8731	hTS	1	aT	the	w	8732	hTS	1	aT	production	w	8733	hTS	1	aT	of	w	8734	hTS	1	aT	this	w	8735	hTS	1	aT	material,	w	8736	hTS	1	aT	according	w	8737	hTS	1	aT	to	w	8738	hTS	1	aT	Dr.	w	8739	hTS	1	aT	Richard	w	8740	hTS	1	aT	Berry,	w	8741	hTS	1	aT	a	w	8742	hTS	1	aT	program	w	8743	hTS	1	aT	manager	w	8744	hTS	1	aT	at	w	8745	hTS	1	aT	FPIn-novations,	w	8746	hTS	1	aT	a	w	8747	hTS	1	aT	private,	w	8748	hTS	1	aT	not-for-profit	w	8749	hTS	1	aT	Canadian	w	8750	hTS	1	aT	forest	w	8751	hTS	1	aT	research	w	8752	hTS	1	aT	institute.	w	8753	hTS	1	aT	There,	w	8754	hTS	1	aT	he	w	8755	hTS	1	aT	pioneered	w	8756	hTS	1	aT	the	w	8757	hTS	1	aT	effort	w	8758	hTS	1	aT	to	w	8759	hTS	1	aT	liberate	w	8760	hTS	1	aT	nanocellulose	w	8761	hTS	1	aT	in	w	8762	hTS	1	aT	industrial	w	8763	hTS	1	aT	quantities	w	8764	hTS	1	aT	from	w	8765	hTS	1	aT	pulp.	se	BT	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	8799	uSOP	1	se	B	sOP	1	w	8767	hTS	1	aT	To	w	8768	hTS	1	aT	avoid	w	8769	hTS	1	aT	confusion,	w	8770	hTS	1	aT	FPInnovations	w	8771	hTS	1	aT	coined	w	8772	hTS	1	aT	the	w	8773	hTS	1	aT	term	w	8774	hTS	1	aT	nanocrystalline	w	8775	hTS	1	aT	cellulose	w	8776	hTS	1	aT	(NCC)	w	8777	hTS	1	aT	for	w	8778	hTS	1	aT	the	w	8779	hTS	1	aT	particular	w	8780	hTS	1	aT	form	w	8781	hTS	1	aT	of	w	8782	hTS	1	aT	nanocellulose	w	8783	hTS	1	aT	it	w	8784	hTS	1	aT	makes;	w	8785	hTS	1	aT	the	w	8786	hTS	1	aT	crystallites	w	8787	hTS	1	aT	it	w	8788	hTS	1	aT	produces	w	8789	hTS	1	aT	are	w	8790	hTS	1	aT	uniformly	w	8791	hTS	1	aT	150-200	w	8792	hTS	1	aT	nanometres	w	8793	hTS	1	aT	long	w	8794	hTS	1	aT	and	w	8795	hTS	1	aT	5-10	w	8796	hTS	1	aT	nanometres	w	8797	hTS	1	aT	in	w	8798	hTS	1	aT	diameter.	se	BT	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	8885	uSOP	1	se	B	sOP	1	w	8800	hTS	1	aT	“A	w	8801	hTS	1	aT	lot	w	8802	hTS	1	aT	of	w	8803	hTS	1	aT	other	w	8804	hTS	1	aT	people	w	8805	hTS	1	aT	are	w	8806	hTS	1	aT	talking	w	8807	hTS	1	aT	about	w	8808	hTS	1	aT	nanocellulose,	w	8809	hTS	1	aT	but	w	8810	hTS	1	aT	we	w	8811	hTS	1	aT	don’t	w	8812	hTS	1	aT	always	w	8813	hTS	1	aT	know	w	8814	hTS	1	aT	what	w	8815	hTS	1	aT	their	w	8816	hTS	1	aT	versions	w	8817	hTS	1	aT	of	w	8818	hTS	1	aT	it	w	8819	hTS	1	aT	are,”	w	8820	hTS	1	aT	says	w	8821	hTS	1	aT	Dr.	w	8822	hTS	1	aT	Ron	w	8823	hTS	1	aT	Crotogino,	w	8824	hTS	1	aT	president	w	8825	hTS	1	aT	and	w	8826	hTS	1	aT	CEO	w	8827	hTS	1	aT	of	w	8828	hTS	1	aT	the	w	8829	hTS	1	aT	Canadian	w	8830	hTS	1	aT	Forest	w	8831	hTS	1	aT	Nanoproducts	w	8832	hTS	1	aT	Network.	w	8833	hTS	1	aT	Officially	w	8834	hTS	1	aT	called	w	8835	hTS	1	aT	ArboraNano,	w	8836	hTS	1	aT	it	w	8837	hTS	1	aT	was	w	8838	hTS	1	aT	created	w	8839	hTS	1	aT	last	w	8840	hTS	1	aT	year	w	8841	hTS	1	aT	by	w	8842	hTS	1	aT	Industry	w	8843	hTS	1	aT	Canada’s	w	8844	hTS	1	aT	Business-Led	w	8845	hTS	1	aT	Network	w	8846	hTS	1	aT	of	w	8847	hTS	1	aT	Centres	w	8848	hTS	1	aT	of	w	8849	hTS	1	aT	Excellence	w	8850	hTS	1	aT	program.	w	8851	hTS	1	aT	ArboraNano	w	8852	hTS	1	aT	has	w	8853	hTS	1	aT	almost	w	8854	hTS	1	aT	$9	w	8855	hTS	1	aT	million	w	8856	hTS	1	aT	and	w	8857	hTS	1	aT	a	w	8858	hTS	1	aT	four-year	w	8859	hTS	1	aT	mandate	w	8860	hTS	1	aT	to	w	8861	hTS	1	aT	bring	w	8862	hTS	1	aT	together	w	8863	hTS	1	aT	researchers	w	8864	hTS	1	aT	and	w	8865	hTS	1	aT	industry	w	8866	hTS	1	aT	to	w	8867	hTS	1	aT	develop	w	8868	hTS	1	aT	new	w	8869	hTS	1	aT	products	w	8870	hTS	1	aT	based	w	8871	hTS	1	aT	on	w	8872	hTS	1	aT	forest-based	w	8873	hTS	1	aT	nanomaterials,	w	8874	hTS	1	aT	particularly	w	8875	hTS	1	aT	NCC.	w	8876	hTS	1	aT	Other	w	8877	hTS	1	aT	public	w	8878	hTS	1	aT	and	w	8879	hTS	1	aT	private	w	8880	hTS	1	aT	sources	w	8881	hTS	1	aT	are	w	8882	hTS	1	aT	providing	w	8883	hTS	1	aT	matching	w	8884	hTS	1	aT	funding.	se	BT	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	8956	uSOP	1	se	B	sOP	1	w	8886	hTS	1	aT	Unlike	w	8887	hTS	1	aT	nanorobots,	w	8888	hTS	1	aT	say,	w	8889	hTS	1	aT	NCC	w	8890	hTS	1	aT	is	w	8891	hTS	1	aT	not	w	8892	hTS	1	aT	a	w	8893	hTS	1	aT	mysterious	w	8894	hTS	1	aT	human	w	8895	hTS	1	aT	invention,	w	8896	hTS	1	aT	purposefully	w	8897	hTS	1	aT	made	w	8898	hTS	1	aT	tiny	w	8899	hTS	1	aT	for	w	8900	hTS	1	aT	working	w	8901	hTS	1	aT	in	w	8902	hTS	1	aT	small	w	8903	hTS	1	aT	places.	w	8904	hTS	1	aT	The	w	8905	hTS	1	aT	crystallites	w	8906	hTS	1	aT	just	w	8907	hTS	1	aT	happen	w	8908	hTS	1	aT	to	w	8909	hTS	1	aT	be	w	8910	hTS	1	aT	vanishingly	w	8911	hTS	1	aT	small.	w	8912	hTS	1	aT	Mother	w	8913	hTS	1	aT	Nature	w	8914	hTS	1	aT	has	w	8915	hTS	1	aT	been	w	8916	hTS	1	aT	using	w	8917	hTS	1	aT	NCC	w	8918	hTS	1	aT	in	w	8919	hTS	1	aT	plants	w	8920	hTS	1	aT	since	w	8921	hTS	1	aT	long	w	8922	hTS	1	aT	before	w	8923	hTS	1	aT	dinosaurs	w	8924	hTS	1	aT	woke	w	8925	hTS	1	aT	up	w	8926	hTS	1	aT	hungry	w	8927	hTS	1	aT	and	w	8928	hTS	1	aT	its	w	8929	hTS	1	aT	tremendous	w	8930	hTS	1	aT	strength	w	8931	hTS	1	aT	is	w	8932	hTS	1	aT	one	w	8933	hTS	1	aT	of	w	8934	hTS	1	aT	the	w	8935	hTS	1	aT	reasons	w	8936	hTS	1	aT	trees	w	8937	hTS	1	aT	can	w	8938	hTS	1	aT	soar	w	8939	hTS	1	aT	as	w	8940	hTS	1	aT	high	w	8941	hTS	1	aT	as	w	8942	hTS	1	aT	379.1	w	8943	hTS	1	aT	feet	w	8944	hTS	1	aT	(115.56	w	8945	hTS	1	aT	metres)	w	8946	hTS	1	aT	—	w	8947	hTS	1	aT	the	w	8948	hTS	1	aT	world	w	8949	hTS	1	aT	record,	w	8950	hTS	1	aT	incidentally	w	8951	hTS	1	aT	—	w	8952	hTS	1	aT	without	w	8953	hTS	1	aT	collapsing	w	8954	hTS	1	aT	on	w	8955	hTS	1	aT	themselves.	se	BT	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	9007	uSOP	1	se	B	sOP	1	w	8957	hTS	1	aT	Also	w	8958	hTS	1	aT	called	w	8959	hTS	1	aT	cellulose	w	8960	hTS	1	aT	nanocrystals,	w	8961	hTS	1	aT	the	w	8962	hTS	1	aT	material	w	8963	hTS	1	aT	was	w	8964	hTS	1	aT	first	w	8965	hTS	1	aT	isolated	w	8966	hTS	1	aT	in	w	8967	hTS	1	aT	1949,	w	8968	hTS	1	aT	according	w	8969	hTS	1	aT	to	w	8970	hTS	1	aT	Berry.	w	8971	hTS	1	aT	The	w	8972	hTS	1	aT	cellulose	w	8973	hTS	1	aT	in	w	8974	hTS	1	aT	pulp	w	8975	hTS	1	aT	is	w	8976	hTS	1	aT	up	w	8977	hTS	1	aT	to	w	8978	hTS	1	aT	70%	w	8979	hTS	1	aT	NCC,	w	8980	hTS	1	aT	which	w	8981	hTS	1	aT	is	w	8982	hTS	1	aT	a	w	8983	hTS	1	aT	crystalline	w	8984	hTS	1	aT	cellulose,	w	8985	hTS	1	aT	and	w	8986	hTS	1	aT	about	w	8987	hTS	1	aT	30%	w	8988	hTS	1	aT	amorphous	w	8989	hTS	1	aT	cellulose,	w	8990	hTS	1	aT	give	w	8991	hTS	1	aT	or	w	8992	hTS	1	aT	take.	w	8993	hTS	1	aT	Liberate	w	8994	hTS	1	aT	the	w	8995	hTS	1	aT	crystalline	w	8996	hTS	1	aT	from	w	8997	hTS	1	aT	the	w	8998	hTS	1	aT	amorphous	w	8999	hTS	1	aT	cellulose	w	9000	hTS	1	aT	and,	w	9001	hTS	1	aT	voilà,	w	9002	hTS	1	aT	you	w	9003	hTS	1	aT	have	w	9004	hTS	1	aT	NCC	w	9005	hTS	1	aT	to	w	9006	hTS	1	aT	go.	se	BT	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	9011	uSOP	1	se	B	sOP	1	w	9008	hTS	1	aT	Production	iBld	1	w	9009	hTS	1	aT	scaling	iBld	1	w	9010	hTS	1	aT	up	iBld	1	se	BT	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	9102	uSOP	1	se	B	sOP	1	w	9012	hTS	1	aT	The	w	9013	hTS	1	aT	nut	w	9014	hTS	1	aT	that	w	9015	hTS	1	aT	Canadian	w	9016	hTS	1	aT	researchers	w	9017	hTS	1	aT	have	w	9018	hTS	1	aT	cracked	w	9019	hTS	1	aT	is	w	9020	hTS	1	aT	how	w	9021	hTS	1	aT	to	w	9022	hTS	1	aT	extract	w	9023	hTS	1	aT	NCC	w	9024	hTS	1	aT	from	w	9025	hTS	1	aT	wood	w	9026	hTS	1	aT	in	w	9027	hTS	1	aT	industrial	w	9028	hTS	1	aT	quan-	w	9029	hTS	1	aT	tities.	w	9030	hTS	1	aT	At	w	9031	hTS	1	aT	the	w	9032	hTS	1	aT	FPInnova-	w	9033	hTS	1	aT	tions	w	9034	hTS	1	aT	laboratory	w	9035	hTS	1	aT	in	w	9036	hTS	1	aT	Pointe	w	9037	hTS	1	aT	Claire,	w	9038	hTS	1	aT	Que.,	w	9039	hTS	1	aT	a	w	9040	hTS	1	aT	batch	w	9041	hTS	1	aT	process	w	9042	hTS	1	aT	is	w	9043	hTS	1	aT	capable	w	9044	hTS	1	aT	of	w	9045	hTS	1	aT	pro-	w	9046	hTS	1	aT	ducing	w	9047	hTS	1	aT	kilogram	w	9048	hTS	1	aT	quantities	w	9049	hTS	1	aT	per	w	9050	hTS	1	aT	day.	w	9051	hTS	1	aT	A	w	9052	hTS	1	aT	commerical-scale,	w	9053	hTS	1	aT	one-tonne	w	9054	hTS	1	aT	per	w	9055	hTS	1	aT	day	w	9056	hTS	1	aT	demonstration	w	9057	hTS	1	aT	plant	w	9058	hTS	1	aT	is	w	9059	hTS	1	aT	now	w	9060	hTS	1	aT	under	w	9061	hTS	1	aT	construction	w	9062	hTS	1	aT	at	w	9063	hTS	1	aT	Domtar’s	w	9064	hTS	1	aT	Windsor	w	9065	hTS	1	aT	pulp	w	9066	hTS	1	aT	and	w	9067	hTS	1	aT	paper	w	9068	hTS	1	aT	facil-	w	9069	hTS	1	aT	ity.	w	9070	hTS	1	aT	The	w	9071	hTS	1	aT	$32-million	w	9072	hTS	1	aT	facility	w	9073	hTS	1	aT	is	w	9074	hTS	1	aT	a	w	9075	hTS	1	aT	joint	w	9076	hTS	1	aT	venture	w	9077	hTS	1	aT	between	w	9078	hTS	1	aT	Domtar	w	9079	hTS	1	aT	and	w	9080	hTS	1	aT	FPInnovations,	w	9081	hTS	1	aT	with	w	9082	hTS	1	aT	Natural	w	9083	hTS	1	aT	Resources	w	9084	hTS	1	aT	Canada	w	9085	hTS	1	aT	and	w	9086	hTS	1	aT	Quebec’s	w	9087	hTS	1	aT	Natural	w	9088	hTS	1	aT	Resources	w	9089	hTS	1	aT	and	w	9090	hTS	1	aT	Wildlife	w	9091	hTS	1	aT	Ministry	w	9092	hTS	1	aT	contributing	w	9093	hTS	1	aT	$10.2	w	9094	hTS	1	aT	million	w	9095	hTS	1	aT	each	w	9096	hTS	1	aT	to	w	9097	hTS	1	aT	FPInnovations’	w	9098	hTS	1	aT	portion	w	9099	hTS	1	aT	of	w	9100	hTS	1	aT	the	w	9101	hTS	1	aT	venture.	se	BT	ss	BT	ss	B	co	608.7 78.0 86.0 584.6	id	9144	uSOP	1	se	B	sOP	1	w	9103	hTS	1	aT	A	w	9104	hTS	1	aT	whole	w	9105	hTS	1	aT	sack	w	9106	hTS	1	aT	of	w	9107	hTS	1	aT	nuts	w	9108	hTS	1	aT	that	w	9109	hTS	1	aT	FPInnovations	w	9110	hTS	1	aT	and	w	9111	hTS	1	aT	its	w	9112	hTS	1	aT	university	w	9113	hTS	1	aT	and	w	9114	hTS	1	aT	industry	w	9115	hTS	1	aT	partners	w	9116	hTS	1	aT	are	w	9117	hTS	1	aT	busy	w	9118	hTS	1	aT	cracking	w	9119	hTS	1	aT	is	w	9120	hTS	1	aT	how	w	9121	hTS	1	aT	to	w	9122	hTS	1	aT	use	w	9123	hTS	1	aT	NCC	w	9124	hTS	1	aT	and	w	9125	hTS	1	aT	its	w	9126	hTS	1	aT	properties	w	9127	hTS	1	aT	to	w	9128	hTS	1	aT	enhance	w	9129	hTS	1	aT	existing	w	9130	hTS	1	aT	products	w	9131	hTS	1	aT	and	w	9132	hTS	1	aT	contribute	w	9133	hTS	1	aT	to	w	9134	hTS	1	aT	the	w	9135	hTS	1	aT	manufacture	w	9136	hTS	1	aT	of	w	9137	hTS	1	aT	new	w	9138	hTS	1	aT	ones.	w	9139	hTS	1	aT	The	w	9140	hTS	1	aT	National	w	9141	hTS	1	aT	Sciences	w	9142	hTS	1	aT	and	w	9143	hTS	1	aT	Engineering	se	BT	se	BS	se	BG	se	BGL	ss	BP	ss	B	bord	T	co	406.1 372.1 227.4 499.8	id	12993	iExp	1	sBU	1	n	photo	uiSK	500005	se	B	ss	BI	ss	B	co	406.1 372.1 278.5 499.8	id	0001	se	B	img	0001	ss	img	pdeIID	i0	se	img	se	BI	ss	pCa	ss	BGL	ss	BG	ss	B	co	275.4 389.5 227.4 490.6	id	12995	n	photocaption	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	BR	co	275.4 389.5 227.4 490.6	id	12972	suT	body9	uiSK	400000	se	B	ss	BS	ss	BT	ss	B	bord	TR	co	275.4 389.5 269.4 490.6	id	12931	se	B	aFS	8.5	sOP	1	w	529	hTS	1	iBld	1	w	530	hTS	1	iBld	1	se	BT	ss	BT	ss	B	bord	R	co	264.9 389.5 258.9 462.7	id	12932	se	B	aFS	8.5	w	531	hTS	1	iBld	1	w	532	hTS	1	iBld	1	w	533	hTS	1	iBld	1	w	534	hTS	1	iBld	1	w	535	hTS	1	iBld	1	se	BT	ss	BT	ss	B	bord	R	co	254.4 389.5 248.4 468.4	id	12933	se	B	aFS	8.5	w	536	hTS	1	iBld	1	w	537	hTS	1	iBld	1	w	538	hTS	1	iBld	1	se	BT	ss	BT	ss	B	bord	R	co	243.9 389.5 237.9 464.1	id	12934	se	B	aFS	8.5	w	539	hTS	0	iBld	1	w	540	hTS	1	iBld	1	w	541	hTS	1	iBld	1	w	542	hTS	1	iBld	1	se	BT	ss	BT	ss	B	bord	R	co	233.4 389.5 227.4 450.0	id	12935	se	B	aFS	8.5	w	543	hTS	1	iBld	1	se	BT	se	BS	se	BG	aFS	8.5	se	BGL	se	BS	se	BG	aFS	8.5	se	BGL	se	pCa	ss	pCr	ss	BGL	ss	BG	ss	B	id	12994	n	photocredit	se	B	ss	BS	se	BS	se	BG	aFS	-4.31602e+008	se	BGL	se	pCr	ss	pMB	ss	BS	ss	BM	ss	B	co	406.1 372.1 227.4 499.8	id	77641	n	photosequence	se	B	cn	01	se	BM	se	BS	se	pMB	se	BP	ss	BP	ss	B	bord	R	co	599.5 511.9 473.5 627.0	id	12979	n	photo	uiSK	500006	se	B	ss	BI	ss	B	co	599.5 521.0 473.5 627.0	id	0002	se	B	img	0002	ss	img	pdeIID	i1	se	img	se	BI	ss	pCa	ss	BGL	ss	BG	ss	B	co	569.5 519.2 569.5 531.0	id	12981	sBU	1	n	photocaption	se	B	ss	BS	ss	BT	ss	B	co	597.5 519.2 569.5 552.3	id	8652	uSOP	1	se	B	sOP	1	w	8643	hTS	0	aT	Sherwin-	iBld	1	w	8644	hTS	0	aT	W	iBld	1	w	8645	hTS	0	aT	i	iBld	1	w	8646	hTS	0	aT	l	iBld	1	w	8647	hTS	0	aT	l	iBld	1	w	8648	hTS	0	aT	i	iBld	1	w	8649	hTS	0	aT	a	iBld	1	w	8650	hTS	0	aT	m	iBld	1	w	8651	hTS	1	aT	s	iBld	1	se	BT	se	BS	se	BG	aFS	8.5	se	BGL	se	pCa	ss	pCr	ss	BGL	ss	BG	ss	B	co	541.8 511.9 539.0 522.3	id	12980	n	photocredit	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	B	co	541.8 511.9 539.0 522.3	id	12967	se	B	ss	BS	ss	BT	ss	B	bord	B	co	541.8 511.9 539.0 522.3	id	12926	se	B	aFS	8.5	w	524	hTS	1	iBld	1	se	BT	se	BS	se	BG	aFS	8.5	se	BGL	se	BS	se	BG	aFS	8.5	se	BGL	se	pCr	ss	pMB	ss	BS	ss	BM	ss	B	co	599.5 511.9 473.5 627.0	id	77643	n	photosequence	se	B	cn	01	se	BM	se	BS	se	pMB	se	BP	ss	BP	ss	B	bord	R	co	470.0 511.4 344.0 627.0	id	12984	n	photo	uiSK	500007	se	B	ss	BI	ss	B	co	470.0 520.9 344.0 627.0	id	0003	se	B	img	0003	ss	img	pdeIID	i2	se	img	se	BI	ss	pCa	ss	BGL	ss	BG	ss	B	co	439.6 518.8 439.5 530.5	id	12986	n	photocaption	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	TLR	co	439.6 518.8 439.5 530.5	id	12971	se	B	ss	BS	ss	BT	ss	B	bord	TLR	co	439.6 518.8 439.5 530.5	id	12930	se	B	aFS	8.5	sOP	1	w	528	hTS	1	iBld	1	se	BT	se	BS	se	BG	aFS	8.5	se	BGL	se	BS	se	BG	aFS	8.5	se	BGL	se	pCa	ss	pCr	ss	BGL	ss	BG	ss	B	co	411.8 511.4 409.0 521.8	id	12985	n	photocredit	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	LBR	co	411.8 511.4 409.0 521.8	id	12970	se	B	ss	BS	ss	BT	ss	B	bord	LBR	co	411.8 511.4 409.0 521.8	id	12929	se	B	aFS	8.5	w	527	hTS	1	iBld	1	se	BT	se	BS	se	BG	aFS	8.5	se	BGL	se	BS	se	BG	aFS	8.5	se	BGL	se	pCr	ss	pMB	ss	BS	ss	BM	ss	B	co	470.0 511.4 344.0 627.0	id	77645	n	photosequence	se	B	cn	01	se	BM	se	BS	se	pMB	se	BP	ss	BP	ss	B	bord	R	co	312.0 520.9 251.1 627.0	id	12976	n	photo	uiSK	500008	se	B	ss	BI	ss	B	co	312.0 520.9 251.1 627.0	id	0004	se	B	img	0004	ss	img	pdeIID	i3	se	img	se	BI	ss	pCa	ss	BGL	ss	BG	ss	B	id	12978	n	photocaption	se	B	ss	BS	se	BS	se	BG	aFS	-4.31602e+008	se	BGL	se	pCa	ss	pCr	ss	BGL	ss	BG	ss	B	id	12977	n	photocredit	se	B	ss	BS	se	BS	se	BG	aFS	-4.31602e+008	se	BGL	se	pCr	ss	pMB	ss	BS	ss	BM	ss	B	co	312.0 520.9 251.1 627.0	id	77646	n	photosequence	se	B	cn	01	se	BM	se	BS	se	pMB	se	BP	ss	BP	ss	B	bord	R	co	211.0 520.9 85.0 627.0	id	12989	n	photo	uiSK	500009	se	B	ss	BI	ss	B	co	211.0 520.9 85.0 627.0	id	0005	se	B	img	0005	ss	img	pdeIID	i4	se	img	se	BI	ss	pCa	ss	BGL	ss	BG	ss	B	id	12991	n	photocaption	se	B	ss	BS	se	BS	se	BG	aFS	-4.31602e+008	se	BGL	se	pCa	ss	pCr	ss	BGL	ss	BG	ss	B	id	12990	n	photocredit	se	B	ss	BS	se	BS	se	BG	aFS	-4.31602e+008	se	BGL	se	pCr	ss	pMB	ss	BS	ss	BM	ss	B	co	211.0 520.9 85.0 627.0	id	77647	n	photosequence	se	B	cn	01	se	BM	se	BS	se	pMB	se	BP	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77705	n	column	uiSK	700005	se	B	se	BM	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77706	n	companyinarticle	uiSK	700007	se	B	se	BM	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77707	n	articlecategory	uiSK	700008	se	B	se	BM	ss	BGK	ss	BG	ss	B	co	760.9 78.0 85.0 627.0	id	77708	n	keywords	uiSK	700009	se	B	ss	BS	se	BS	se	BG	se	BGK	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77709	n	lead	uiSK	700010	se	B	cn	Canadian researchers and manufactur- ers are leading the world in learning how to create new uses for nanocellulose, a major component of trees. Industries from aerospace and automotive to pharmaceutical and security are lining up, paying up and teaming up to learn how to use this strong and versatile material to improve existing products and develop new ones.	se	BM	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77710	n	storytype	uiSK	700011	se	B	se	BM	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77711	n	priority	uiSK	700012	se	B	se	BM	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77712	n	altsection	uiSK	700013	se	B	se	BM	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77713	n	web	uiSK	700014	se	B	se	BM	ss	BM	ss	B	co	760.9 78.0 85.0 627.0	id	77714	n	email	uiSK	700015	se	B	se	BM	se	BS	se	BG	ss	BG	ss	B	co	70.2 78.0 63.5 591.0	id	72411	sBU	1	suT	built	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	LB	co	68.9 78.0 63.5 174.4	id	12957	n	bodyhead	suT	body8	uiSK	400014	se	B	ss	BS	ss	BLINK	ss	BT	ss	B	co	68.9 78.0 63.5 174.4	id	12975	n	web	se	B	aFS	8	sOP	1	w	1	hTS	0	iBld	1	w	2	hTS	1	iBld	1	se	BT	ss	coL	co	68.9 78.0 63.5 174.4	se	coL	se	BLINK	se	BS	se	BG	aFS	8	se	BGL	ss	BGL	ss	BG	ss	B	bord	BR	co	70.2 416.9 63.5 591.0	id	12958	n	bodyhead	suT	body8	uiSK	400021	se	B	ss	BS	ss	BT	ss	B	bord	BR	co	70.2 416.9 63.5 591.0	id	12839	se	B	aFS	8	w	3	hTS	0	iBld	1	w	4	hTS	1	iBld	1	w	5	hTS	1	iBld	1	w	6	hTS	1	iBld	1	w	7	hTS	1	iBld	1	w	8	hTS	1	iBld	1	w	9	hTS	1	iBld	1	w	10	hTS	1	iBld	1	se	BT	se	BS	se	BG	aFS	8	se	BGL	se	BS	se	BG	se	BS	se	page	 
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MARKET TRENDS

Research Council lists 18 product areas 
in which NCC could have applications. 
Here are some possibilities:
• Add NCC to varnish, perhaps just 
3% of its volume. This makes it about 
three times harder, and more abrasion-
resistant than ordinary varnish. This 
improvement could directly help those 
in the wood products industry, such as 
manufacturers of hardwood floors and 
cabinetry. NCC could also improve the 
strength of adhesives.
• Add NCC to water-based paint. Just 
sitting there, in the can, the NCC-
enhanced paint will be a bit jelly-like. 
Agitate it, however, and it becomes liquid 
— perfect for brushing and rolling. But 
once applied, the paint will re-gel and not 
drip from the ceiling onto your glasses.
• Add NCC to a liquid in just the right 
way, then dry it. The resulting mate-
rial will have a shimmering iridescent 
colour. It’s not a dye though. Rather, the 
arrangement of NCC crystals reflects 
visible light so that we see pretty colours. 
Possible ways to exploit this property 
include security marks on paper and pig-
ments for nail polish or lipstick. NCC 
can also be made to reflect radiation in 
the ultra-violet and infra-red parts of the 
electromagnetic spectrum. “We are ini-
tiating work with the Institut National 
d’Optique,” Berry says.
• Manipulate the surface of NCC so 
it bonds with other polymers, and the 
result, for example, could be stronger 
plastic. This, plus the possibility of mak-
ing stronger, possibly lighter cellulose-
based car parts, excites manufacturers. 

Other potential applications include 
aircraft, textiles, optics, gels, compos-
ites, pharmaceuticals, bone replacement, 
tooth repair, food additives and elec-
tronic products.

Manufacturers are interested
Imagining potential applications of 
NCC, inspired by its great strength and 
other known properties, is the easy task. 
Proceeding to products is a far more 
complex undertaking. It is impressive 
then, given the real risk of failure, the 
amount of private industry interest and 
money behind the effort to commercial-
ize NCC.

Of the eight funding members of 
ArboraNano, six — FPInnovations, 

Bell Helicopter Textron Canada Lim-
ited, NanoLedge Inc., Kruger Inc., the 
Ontario Bioauto Council and Nano-
Quebec — are from the private sector. 
Le Fonds québécois de la recherché sur 
la nature et les technologies (FQRNT) 
and Alberta Innovated — Bio Solutions 
provide provincial funding support.

“The wonderful thing that is happen-
ing is that every company we visit sees 
a use for its properties. We have more 
than 65 companies that we have differ-
ent levels of relationships with. Even 
getting to the discussion point in this 
economy is significant. People’s time is 
precious,” says Berry. 

“We are putting together joint agree-
ments with manufacturers. Our expertise 
is making and modifying the materials, 
and they know best how to formulate 
their materials in products.” 

Research is heating up at the univer-
sity level, says Crotogino, who notes that 
the exact number of participating uni-
versities is a moving target. “As projects 
are approved, more universities come on 
board. There are now four universities 
receiving research funding with four 
more universities involved in the admin-
istration of the network.”

In partnership with FQRNT, one of 
its public funding members, ArboraNano 
launched a research partnership program. 
Four grant recipients at the universities 
of McGill, Sherbrooke, Laval and Que-
bec (at Trois-Rivieres) now have a total 
of $965,000 to work on NCC projects 
in the wood processing and pulp and 
paper sectors until 2013. Targets of their 
investigations include wood coatings and 
composites, improving NCC’s compat-
ibility with polymers, applications of its 
optical properties and its use to improve 
pulp and paper processes.

Not salvation, but stimulation for 
the industry
Pulp mills will be involved in the pro-
duction of NCC, but it remains to be 
seen, however, what the demand for 
pulp to produce NCC might be once the 
nanocellulose market matures. Claims 
that NCC may be the salvation of the 
wood products industry are exaggerated. 
Rather, says Crotogino, “the salvation 
of the forest products industry is inno-
vation. NCC will be part of this as a 

key to the development of higher-value 
forest products. It will not save a paper 
mill that makes traditional products, but 
NCC creates new opportunities for the 
manufacture of innovative, high-value 
paper products, as well as a new genera-
tion of building materials.”

Berry adds, “I look at NCC as a way 
of diversifying the sectors in which wood 
products are used, rather than turning it 
back into the industry.” What he means 
by this is that the wood products indus-
try should not think only about making 
better wood products with NCC. Rath-
er, it should be thinking of totally new 
applications for the materials harvested 
from our forests. 

“The whole purpose of ArboraNano 
is to extend these materials into other 
areas, newer directions, new market-
places, and get us out of the box we 
have been living in. We need to look at 
the full spectrum of possibilities from 
the components, talk to the companies 
we have never spoken to before,” Berry 
declares.

Construction on the demonstration 
plant should be completed in about 20 
months, capping 15 years of research by 
FPInnovations. “We need to have prod-
ucts ready to use NCC by then. We will 
start with materials that are easier to take 
to the marketplace. Industrial materi-
als are easier than consumer materials. 
Wood products are easier than aero-
space,” Berry explains.

Introducing NCC to products con-
taining water will be the easiest to master, 
because NCC likes water. Hydrophobic 
materials will come later. Industrial uses 
will likely come before consumer prod-
ucts, because of regulatory issues. Auto-
motive applications will precede those in 
aerospace, with its stringent and lengthy 
certification processes. 

One day, Berry muses, aircraft manu-
facturers might come full circle to using 
NCC-enhanced wood products in air-
craft again: fancier versions of plywood 
sheathing and the wooden stringers of 
old. Call it wild speculation, but per-
haps spacecraft will one day be made 
of nanocrystalline cellulose-containing 
parts. After all, the registry number for 
Star Trek’s USS Enterprise, the most 
famous spaceship in the universe, was 
NCC-1701. PPC
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version	1	ss	page	_id	13092	_pageFooterCoords	63.5 42.0 63.5 591.5	_pageHeaderCoords	825.0 42.0 825.0 591.5	_pageNumber	16	_uiDocName	016C July August  DE	_section	 	_status	rev	ss	CS	NW	1047	LW	PPC	LWI	1047	se	CS	numGroupedBoxes	3	ss	BS	ss	BG	ss	B	co	809.3 84.1 800.5 183.3	id	74378	sBU	1	suT	built	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	TLR	co	809.3 84.1 800.5 183.3	id	14335	n	body	suT	body13	se	B	ss	BS	ss	BT	ss	B	bord	TLR	co	809.3 84.1 800.5 183.3	id	14151	se	B	aFS	13	sOP	1	w	11	hTS	1	iBld	1	w	12	hTS	1	iBld	1	se	BT	se	BS	se	BG	aFS	13	se	BGL	se	BS	se	BG	ss	BG	ss	B	co	775.0 78.0 86.0 591.1	id	74391	iExp	1	sBU	1	n	story	sl	manufacturersar	suT	story	se	B	ss	BS	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79816	n	head0	uiSK	000003	se	B	se	BM	ss	BM	ss	B	id	79804	sBU	1	jFpn	0	jFs	fromprevstory	jFio	1	n	jumpfrom	uiSK	010001	se	B	cn	continued from previous story	se	BM	ss	BM	ss	B	case	titlecase	co	775.0 78.0 86.0 591.1	id	79815	n	byline	uiSK	300001	se	B	se	BM	ss	BM	ss	B	case	titlecase	co	775.0 78.0 86.0 591.1	id	79817	n	source	uiSK	330002	se	B	se	BM	ss	BGL	ss	BG	ss	B	co	775.0 78.0 86.0 591.1	id	75480	sBU	1	n	body	uiSK	400013	se	B	ss	BS	ss	BT	ss	B	co	775.0 78.0 734.0 241.0	id	75497	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1048	hTS	1	aT	Research	w	1049	hTS	1	aT	Council	w	1050	hTS	1	aT	lists	w	1051	hTS	1	aT	18	w	1052	hTS	1	aT	product	w	1053	hTS	1	aT	areas	w	1054	hTS	1	aT	in	w	1055	hTS	1	aT	which	w	1056	hTS	1	aT	NCC	w	1057	hTS	1	aT	could	w	1058	hTS	1	aT	have	w	1059	hTS	1	aT	applications.	w	1060	hTS	1	aT	Here	w	1061	hTS	1	aT	are	w	1062	hTS	1	aT	some	w	1063	hTS	1	aT	possibilities:	se	BT	ss	BT	ss	B	co	739.0 78.0 626.0 241.0	id	75550	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1064	hTS	1	aT	•	w	1065	hTS	1	aT	Add	w	1066	hTS	1	aT	NCC	w	1067	hTS	1	aT	to	w	1068	hTS	1	aT	varnish,	w	1069	hTS	1	aT	perhaps	w	1070	hTS	1	aT	just	w	1071	hTS	1	aT	3%	w	1072	hTS	1	aT	of	w	1073	hTS	1	aT	its	w	1074	hTS	1	aT	volume.	w	1075	hTS	1	aT	This	w	1076	hTS	1	aT	makes	w	1077	hTS	1	aT	it	w	1078	hTS	1	aT	about	w	1079	hTS	1	aT	three	w	1080	hTS	1	aT	times	w	1081	hTS	1	aT	harder,	w	1082	hTS	1	aT	and	w	1083	hTS	1	aT	more	w	1084	hTS	0	aT	abrasion	w	1085	hTS	1	aT	-resistant	w	1086	hTS	1	aT	than	w	1087	hTS	1	aT	ordinary	w	1088	hTS	1	aT	varnish.	w	1089	hTS	1	aT	This	w	1090	hTS	1	aT	improvement	w	1091	hTS	1	aT	could	w	1092	hTS	1	aT	directly	w	1093	hTS	1	aT	help	w	1094	hTS	1	aT	those	w	1095	hTS	1	aT	in	w	1096	hTS	1	aT	the	w	1097	hTS	1	aT	wood	w	1098	hTS	1	aT	products	w	1099	hTS	1	aT	industry,	w	1100	hTS	1	aT	such	w	1101	hTS	1	aT	as	w	1102	hTS	1	aT	manufacturers	w	1103	hTS	1	aT	of	w	1104	hTS	1	aT	hardwood	w	1105	hTS	1	aT	floors	w	1106	hTS	1	aT	and	w	1107	hTS	1	aT	cabinetry.	w	1108	hTS	1	aT	NCC	w	1109	hTS	1	aT	could	w	1110	hTS	1	aT	also	w	1111	hTS	1	aT	improve	w	1112	hTS	1	aT	the	w	1113	hTS	1	aT	strength	w	1114	hTS	1	aT	of	w	1115	hTS	1	aT	adhesives.	se	BT	ss	BT	ss	B	co	631.0 78.0 542.0 241.1	id	75600	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1116	hTS	1	aT	•	w	1117	hTS	1	aT	Add	w	1118	hTS	1	aT	NCC	w	1119	hTS	1	aT	to	w	1120	hTS	1	aT	water-based	w	1121	hTS	1	aT	paint.	w	1122	hTS	1	aT	Just	w	1123	hTS	1	aT	sitting	w	1124	hTS	1	aT	there,	w	1125	hTS	1	aT	in	w	1126	hTS	1	aT	the	w	1127	hTS	1	aT	can,	w	1128	hTS	1	aT	the	w	1129	hTS	1	aT	NCC-enhanced	w	1130	hTS	1	aT	paint	w	1131	hTS	1	aT	will	w	1132	hTS	1	aT	be	w	1133	hTS	1	aT	a	w	1134	hTS	1	aT	bit	w	1135	hTS	1	aT	jelly-like.	w	1136	hTS	1	aT	Agitate	w	1137	hTS	1	aT	it,	w	1138	hTS	1	aT	however,	w	1139	hTS	1	aT	and	w	1140	hTS	1	aT	it	w	1141	hTS	1	aT	becomes	w	1142	hTS	1	aT	liquid	w	1143	hTS	1	aT	—	w	1144	hTS	1	aT	perfect	w	1145	hTS	1	aT	for	w	1146	hTS	1	aT	brushing	w	1147	hTS	1	aT	and	w	1148	hTS	1	aT	rolling.	w	1149	hTS	1	aT	But	w	1150	hTS	1	aT	once	w	1151	hTS	1	aT	applied,	w	1152	hTS	1	aT	the	w	1153	hTS	1	aT	paint	w	1154	hTS	1	aT	will	w	1155	hTS	1	aT	re-gel	w	1156	hTS	1	aT	and	w	1157	hTS	1	aT	not	w	1158	hTS	1	aT	drip	w	1159	hTS	1	aT	from	w	1160	hTS	1	aT	the	w	1161	hTS	1	aT	ceiling	w	1162	hTS	1	aT	onto	w	1163	hTS	1	aT	your	w	1164	hTS	1	aT	glasses.	se	BT	ss	BT	ss	B	co	547.0 78.0 374.0 241.0	id	75691	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1165	hTS	1	aT	•	w	1166	hTS	1	aT	Add	w	1167	hTS	1	aT	NCC	w	1168	hTS	1	aT	to	w	1169	hTS	1	aT	a	w	1170	hTS	1	aT	liquid	w	1171	hTS	1	aT	in	w	1172	hTS	1	aT	just	w	1173	hTS	1	aT	the	w	1174	hTS	1	aT	right	w	1175	hTS	1	aT	way,	w	1176	hTS	1	aT	then	w	1177	hTS	1	aT	dry	w	1178	hTS	1	aT	it.	w	1179	hTS	1	aT	The	w	1180	hTS	1	aT	resulting	w	1181	hTS	1	aT	material	w	1182	hTS	1	aT	will	w	1183	hTS	1	aT	have	w	1184	hTS	1	aT	a	w	1185	hTS	1	aT	shimmering	w	1186	hTS	1	aT	iridescent	w	1187	hTS	1	aT	colour.	w	1188	hTS	1	aT	It’s	w	1189	hTS	1	aT	not	w	1190	hTS	1	aT	a	w	1191	hTS	1	aT	dye	w	1192	hTS	1	aT	though.	w	1193	hTS	1	aT	Rather,	w	1194	hTS	1	aT	the	w	1195	hTS	1	aT	arrangement	w	1196	hTS	1	aT	of	w	1197	hTS	1	aT	NCC	w	1198	hTS	1	aT	crystals	w	1199	hTS	1	aT	reflects	w	1200	hTS	1	aT	visible	w	1201	hTS	1	aT	light	w	1202	hTS	1	aT	so	w	1203	hTS	1	aT	that	w	1204	hTS	1	aT	we	w	1205	hTS	1	aT	see	w	1206	hTS	1	aT	pretty	w	1207	hTS	1	aT	colours.	w	1208	hTS	1	aT	Possible	w	1209	hTS	1	aT	ways	w	1210	hTS	1	aT	to	w	1211	hTS	1	aT	exploit	w	1212	hTS	1	aT	this	w	1213	hTS	1	aT	property	w	1214	hTS	1	aT	include	w	1215	hTS	1	aT	security	w	1216	hTS	1	aT	marks	w	1217	hTS	1	aT	on	w	1218	hTS	1	aT	paper	w	1219	hTS	1	aT	and	w	1220	hTS	1	aT	pigments	w	1221	hTS	1	aT	for	w	1222	hTS	1	aT	nail	w	1223	hTS	1	aT	polish	w	1224	hTS	1	aT	or	w	1225	hTS	1	aT	lipstick.	w	1226	hTS	1	aT	NCC	w	1227	hTS	1	aT	can	w	1228	hTS	1	aT	also	w	1229	hTS	1	aT	be	w	1230	hTS	1	aT	made	w	1231	hTS	1	aT	to	w	1232	hTS	1	aT	reflect	w	1233	hTS	1	aT	radiation	w	1234	hTS	1	aT	in	w	1235	hTS	1	aT	the	w	1236	hTS	1	aT	ultra-violet	w	1237	hTS	1	aT	and	w	1238	hTS	1	aT	infrred	w	1239	hTS	1	aT	parts	w	1240	hTS	1	aT	of	w	1241	hTS	1	aT	the	w	1242	hTS	1	aT	electromagnetic	w	1243	hTS	1	aT	spectrum.	w	1244	hTS	1	aT	“We	w	1245	hTS	1	aT	are	w	1246	hTS	1	aT	initiating	w	1247	hTS	1	aT	work	w	1248	hTS	1	aT	with	w	1249	hTS	1	aT	the	w	1250	hTS	1	aT	Institut	w	1251	hTS	1	aT	National	w	1252	hTS	1	aT	d’Optique,”	w	1253	hTS	1	aT	Berry	w	1254	hTS	1	aT	says.	se	BT	ss	BT	ss	B	co	379.0 78.0 302.0 241.0	id	75727	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1255	hTS	1	aT	•	w	1256	hTS	1	aT	Manipulate	w	1257	hTS	1	aT	the	w	1258	hTS	1	aT	surface	w	1259	hTS	1	aT	of	w	1260	hTS	1	aT	NCC	w	1261	hTS	1	aT	so	w	1262	hTS	1	aT	it	w	1263	hTS	1	aT	bonds	w	1264	hTS	1	aT	with	w	1265	hTS	1	aT	other	w	1266	hTS	1	aT	polymers,	w	1267	hTS	1	aT	and	w	1268	hTS	1	aT	the	w	1269	hTS	1	aT	result,	w	1270	hTS	1	aT	for	w	1271	hTS	1	aT	example,	w	1272	hTS	1	aT	could	w	1273	hTS	1	aT	be	w	1274	hTS	1	aT	stronger	w	1275	hTS	1	aT	plastic.	w	1276	hTS	1	aT	This,	w	1277	hTS	1	aT	plus	w	1278	hTS	1	aT	the	w	1279	hTS	1	aT	possibility	w	1280	hTS	1	aT	of	w	1281	hTS	1	aT	making	w	1282	hTS	1	aT	stronger,	w	1283	hTS	1	aT	possibly	w	1284	hTS	1	aT	lighter	w	1285	hTS	1	aT	cellulose-based	w	1286	hTS	1	aT	car	w	1287	hTS	1	aT	parts,	w	1288	hTS	1	aT	excites	w	1289	hTS	1	aT	manufacturers.	se	BT	ss	BT	ss	B	co	307.0 78.0 242.0 241.0	id	75748	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1290	hTS	1	aT	Other	w	1291	hTS	1	aT	potential	w	1292	hTS	1	aT	applications	w	1293	hTS	1	aT	include	w	1294	hTS	1	aT	aircraft,	w	1295	hTS	1	aT	textiles,	w	1296	hTS	1	aT	optics,	w	1297	hTS	1	aT	gels,	w	1298	hTS	1	aT	composites,	w	1299	hTS	1	aT	pharmaceuticals,	w	1300	hTS	1	aT	bone	w	1301	hTS	1	aT	replacement,	w	1302	hTS	1	aT	tooth	w	1303	hTS	1	aT	repair,	w	1304	hTS	1	aT	food	w	1305	hTS	1	aT	additives	w	1306	hTS	1	aT	and	w	1307	hTS	1	aT	elec-	w	1308	hTS	1	aT	tronic	w	1309	hTS	1	aT	products.	se	BT	ss	BT	ss	B	co	235.9 78.0 222.3 220.6	id	75752	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1310	hTS	1	aT	Manufacturers	iBld	1	w	1311	hTS	1	aT	are	iBld	1	w	1312	hTS	1	aT	interested	iBld	1	se	BT	ss	BT	ss	B	co	223.0 78.0 110.0 241.0	id	75804	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1313	hTS	1	aT	Imagining	w	1314	hTS	1	aT	potential	w	1315	hTS	1	aT	applications	w	1316	hTS	1	aT	of	w	1317	hTS	1	aT	NCC,	w	1318	hTS	1	aT	inspired	w	1319	hTS	1	aT	by	w	1320	hTS	1	aT	its	w	1321	hTS	1	aT	great	w	1322	hTS	1	aT	strength	w	1323	hTS	1	aT	and	w	1324	hTS	1	aT	other	w	1325	hTS	1	aT	known	w	1326	hTS	1	aT	properties,	w	1327	hTS	1	aT	is	w	1328	hTS	1	aT	the	w	1329	hTS	1	aT	easy	w	1330	hTS	1	aT	task.	w	1331	hTS	1	aT	Proceeding	w	1332	hTS	1	aT	to	w	1333	hTS	1	aT	products	w	1334	hTS	1	aT	is	w	1335	hTS	1	aT	a	w	1336	hTS	1	aT	far	w	1337	hTS	1	aT	more	w	1338	hTS	1	aT	complex	w	1339	hTS	1	aT	undertaking.	w	1340	hTS	1	aT	It	w	1341	hTS	1	aT	is	w	1342	hTS	1	aT	impressive	w	1343	hTS	1	aT	then,	w	1344	hTS	1	aT	given	w	1345	hTS	1	aT	the	w	1346	hTS	1	aT	real	w	1347	hTS	1	aT	risk	w	1348	hTS	1	aT	of	w	1349	hTS	1	aT	failure,	w	1350	hTS	1	aT	the	w	1351	hTS	1	aT	amount	w	1352	hTS	1	aT	of	w	1353	hTS	1	aT	private	w	1354	hTS	1	aT	industry	w	1355	hTS	1	aT	interest	w	1356	hTS	1	aT	and	w	1357	hTS	1	aT	money	w	1358	hTS	1	aT	behind	w	1359	hTS	1	aT	the	w	1360	hTS	1	aT	effort	w	1361	hTS	1	aT	to	w	1362	hTS	1	aT	commercialize	w	1363	hTS	1	aT	NCC.	se	BT	ss	BT	ss	B	co	775.0 78.0 86.0 416.0	id	75860	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1364	hTS	1	aT	Of	w	1365	hTS	1	aT	the	w	1366	hTS	1	aT	eight	w	1367	hTS	1	aT	funding	w	1368	hTS	1	aT	members	w	1369	hTS	1	aT	of	w	1370	hTS	1	aT	ArboraNano,	w	1371	hTS	1	aT	six	w	1372	hTS	1	aT	—	w	1373	hTS	1	aT	FPInnovations,	w	1374	hTS	1	aT	Bell	w	1375	hTS	1	aT	Helicopter	w	1376	hTS	1	aT	Textron	w	1377	hTS	1	aT	Canada	w	1378	hTS	1	aT	Limited,	w	1379	hTS	1	aT	NanoLedge	w	1380	hTS	1	aT	Inc.,	w	1381	hTS	1	aT	Kruger	w	1382	hTS	1	aT	Inc.,	w	1383	hTS	1	aT	the	w	1384	hTS	1	aT	Ontario	w	1385	hTS	1	aT	Bioauto	w	1386	hTS	1	aT	Council	w	1387	hTS	1	aT	and	w	1388	hTS	1	aT	Nano-	w	1389	hTS	1	aT	Quebec	w	1390	hTS	1	aT	—	w	1391	hTS	1	aT	are	w	1392	hTS	1	aT	from	w	1393	hTS	1	aT	the	w	1394	hTS	1	aT	private	w	1395	hTS	1	aT	sector.	w	1396	hTS	1	aT	Le	w	1397	hTS	1	aT	Fonds	w	1398	hTS	1	aT	québécois	w	1399	hTS	1	aT	de	w	1400	hTS	1	aT	la	w	1401	hTS	1	aT	recherché	w	1402	hTS	1	aT	sur	w	1403	hTS	1	aT	la	w	1404	hTS	1	aT	nature	w	1405	hTS	1	aT	et	w	1406	hTS	1	aT	les	w	1407	hTS	1	aT	technologies	w	1408	hTS	1	aT	(FQRNT)	w	1409	hTS	1	aT	and	w	1410	hTS	1	aT	Alberta	w	1411	hTS	1	aT	Innovated	w	1412	hTS	1	aT	—	w	1413	hTS	1	aT	Bio	w	1414	hTS	1	aT	Solutions	w	1415	hTS	1	aT	provide	w	1416	hTS	1	aT	provincial	w	1417	hTS	1	aT	funding	w	1418	hTS	1	aT	support.	se	BT	ss	BT	ss	B	co	679.0 253.0 578.0 416.0	id	75910	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1419	hTS	1	aT	“The	w	1420	hTS	1	aT	wonderful	w	1421	hTS	1	aT	thing	w	1422	hTS	1	aT	that	w	1423	hTS	1	aT	is	w	1424	hTS	1	aT	happening	w	1425	hTS	1	aT	is	w	1426	hTS	1	aT	that	w	1427	hTS	1	aT	every	w	1428	hTS	1	aT	company	w	1429	hTS	1	aT	we	w	1430	hTS	1	aT	visit	w	1431	hTS	1	aT	sees	w	1432	hTS	1	aT	a	w	1433	hTS	1	aT	use	w	1434	hTS	1	aT	for	w	1435	hTS	1	aT	its	w	1436	hTS	1	aT	properties.	w	1437	hTS	1	aT	We	w	1438	hTS	1	aT	have	w	1439	hTS	1	aT	more	w	1440	hTS	1	aT	than	w	1441	hTS	1	aT	65	w	1442	hTS	1	aT	companies	w	1443	hTS	1	aT	that	w	1444	hTS	1	aT	we	w	1445	hTS	1	aT	have	w	1446	hTS	1	aT	different	w	1447	hTS	1	aT	levels	w	1448	hTS	1	aT	of	w	1449	hTS	1	aT	relationships	w	1450	hTS	1	aT	with.	w	1451	hTS	1	aT	Even	w	1452	hTS	1	aT	getting	w	1453	hTS	1	aT	to	w	1454	hTS	1	aT	the	w	1455	hTS	1	aT	discussion	w	1456	hTS	1	aT	point	w	1457	hTS	1	aT	in	w	1458	hTS	1	aT	this	w	1459	hTS	1	aT	economy	w	1460	hTS	1	aT	is	w	1461	hTS	1	aT	significant.	w	1462	hTS	1	aT	People’s	w	1463	hTS	1	aT	time	w	1464	hTS	1	aT	is	w	1465	hTS	1	aT	precious,”	w	1466	hTS	1	aT	says	w	1467	hTS	1	aT	Berry.	se	BT	ss	BT	ss	B	co	583.0 253.0 518.0 416.0	id	75938	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1468	hTS	1	aT	“We	w	1469	hTS	1	aT	are	w	1470	hTS	1	aT	putting	w	1471	hTS	1	aT	together	w	1472	hTS	1	aT	joint	w	1473	hTS	1	aT	agreements	w	1474	hTS	1	aT	with	w	1475	hTS	1	aT	manufacturers.	w	1476	hTS	1	aT	Our	w	1477	hTS	1	aT	expertise	w	1478	hTS	1	aT	is	w	1479	hTS	1	aT	making	w	1480	hTS	1	aT	and	w	1481	hTS	1	aT	modifying	w	1482	hTS	1	aT	the	w	1483	hTS	1	aT	materials,	w	1484	hTS	1	aT	and	w	1485	hTS	1	aT	they	w	1486	hTS	1	aT	know	w	1487	hTS	1	aT	best	w	1488	hTS	1	aT	how	w	1489	hTS	1	aT	to	w	1490	hTS	1	aT	formulate	w	1491	hTS	1	aT	their	w	1492	hTS	1	aT	materials	w	1493	hTS	1	aT	in	w	1494	hTS	1	aT	products.”	se	BT	ss	BT	ss	B	co	523.0 253.0 410.0 416.0	id	75990	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1495	hTS	1	aT	Research	w	1496	hTS	1	aT	is	w	1497	hTS	1	aT	heating	w	1498	hTS	1	aT	up	w	1499	hTS	1	aT	at	w	1500	hTS	1	aT	the	w	1501	hTS	1	aT	university	w	1502	hTS	1	aT	level,	w	1503	hTS	1	aT	says	w	1504	hTS	1	aT	Crotogino,	w	1505	hTS	1	aT	who	w	1506	hTS	1	aT	notes	w	1507	hTS	1	aT	that	w	1508	hTS	1	aT	the	w	1509	hTS	1	aT	exact	w	1510	hTS	1	aT	number	w	1511	hTS	1	aT	of	w	1512	hTS	1	aT	participating	w	1513	hTS	1	aT	universities	w	1514	hTS	1	aT	is	w	1515	hTS	1	aT	a	w	1516	hTS	1	aT	moving	w	1517	hTS	1	aT	target.	w	1518	hTS	1	aT	“As	w	1519	hTS	1	aT	projects	w	1520	hTS	1	aT	are	w	1521	hTS	1	aT	approved,	w	1522	hTS	1	aT	more	w	1523	hTS	1	aT	universities	w	1524	hTS	1	aT	come	w	1525	hTS	1	aT	on	w	1526	hTS	1	aT	board.	w	1527	hTS	1	aT	There	w	1528	hTS	1	aT	are	w	1529	hTS	1	aT	now	w	1530	hTS	1	aT	four	w	1531	hTS	1	aT	universities	w	1532	hTS	1	aT	receiving	w	1533	hTS	1	aT	research	w	1534	hTS	1	aT	funding	w	1535	hTS	1	aT	with	w	1536	hTS	1	aT	four	w	1537	hTS	1	aT	more	w	1538	hTS	1	aT	universities	w	1539	hTS	1	aT	involved	w	1540	hTS	1	aT	in	w	1541	hTS	1	aT	the	w	1542	hTS	1	aT	administration	w	1543	hTS	1	aT	of	w	1544	hTS	1	aT	the	w	1545	hTS	1	aT	network.”	se	BT	ss	BT	ss	B	co	415.0 253.0 242.0 416.0	id	76071	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1546	hTS	1	aT	In	w	1547	hTS	1	aT	partnership	w	1548	hTS	1	aT	with	w	1549	hTS	1	aT	FQRNT,	w	1550	hTS	1	aT	one	w	1551	hTS	1	aT	of	w	1552	hTS	1	aT	its	w	1553	hTS	1	aT	public	w	1554	hTS	1	aT	funding	w	1555	hTS	1	aT	members,	w	1556	hTS	1	aT	ArboraNano	w	1557	hTS	1	aT	launched	w	1558	hTS	1	aT	a	w	1559	hTS	1	aT	research	w	1560	hTS	1	aT	partnership	w	1561	hTS	1	aT	program.	w	1562	hTS	1	aT	Four	w	1563	hTS	1	aT	grant	w	1564	hTS	1	aT	recipients	w	1565	hTS	1	aT	at	w	1566	hTS	1	aT	the	w	1567	hTS	1	aT	universities	w	1568	hTS	1	aT	of	w	1569	hTS	1	aT	McGill,	w	1570	hTS	1	aT	Sherbrooke,	w	1571	hTS	1	aT	Laval	w	1572	hTS	1	aT	and	w	1573	hTS	1	aT	Quebec	w	1574	hTS	1	aT	(at	w	1575	hTS	1	aT	Trois-Rivieres)	w	1576	hTS	1	aT	now	w	1577	hTS	1	aT	have	w	1578	hTS	1	aT	a	w	1579	hTS	1	aT	total	w	1580	hTS	1	aT	of	w	1581	hTS	1	aT	$965,000	w	1582	hTS	1	aT	to	w	1583	hTS	1	aT	work	w	1584	hTS	1	aT	on	w	1585	hTS	1	aT	NCC	w	1586	hTS	1	aT	projects	w	1587	hTS	1	aT	in	w	1588	hTS	1	aT	the	w	1589	hTS	1	aT	wood	w	1590	hTS	1	aT	processing	w	1591	hTS	1	aT	and	w	1592	hTS	1	aT	pulp	w	1593	hTS	1	aT	and	w	1594	hTS	1	aT	paper	w	1595	hTS	1	aT	sectors	w	1596	hTS	1	aT	until	w	1597	hTS	1	aT	2013.	w	1598	hTS	1	aT	Targets	w	1599	hTS	1	aT	of	w	1600	hTS	1	aT	their	w	1601	hTS	1	aT	investigations	w	1602	hTS	1	aT	include	w	1603	hTS	1	aT	wood	w	1604	hTS	1	aT	coatings	w	1605	hTS	1	aT	and	w	1606	hTS	1	aT	composites,	w	1607	hTS	1	aT	improving	w	1608	hTS	1	aT	NCC’s	w	1609	hTS	1	aT	compatibility	w	1610	hTS	1	aT	with	w	1611	hTS	1	aT	polymers,	w	1612	hTS	1	aT	applications	w	1613	hTS	1	aT	of	w	1614	hTS	1	aT	its	w	1615	hTS	1	aT	optical	w	1616	hTS	1	aT	properties	w	1617	hTS	1	aT	and	w	1618	hTS	1	aT	its	w	1619	hTS	1	aT	use	w	1620	hTS	1	aT	to	w	1621	hTS	1	aT	improve	w	1622	hTS	1	aT	pulp	w	1623	hTS	1	aT	and	w	1624	hTS	1	aT	paper	w	1625	hTS	1	aT	processes.	se	BT	ss	BT	ss	B	co	235.9 253.0 210.2 415.5	id	76079	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1626	hTS	1	aT	Not	iBld	1	w	1627	hTS	1	aT	salvation,	iBld	1	w	1628	hTS	1	aT	but	iBld	1	w	1629	hTS	1	aT	stimulation	iBld	1	w	1630	hTS	1	aT	for	iBld	1	w	1631	hTS	1	aT	the	iBld	1	w	1632	hTS	1	aT	industry	iBld	1	se	BT	ss	BT	ss	B	co	775.0 253.0 86.0 591.0	id	76187	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1633	hTS	1	aT	Pulp	w	1634	hTS	1	aT	mills	w	1635	hTS	1	aT	will	w	1636	hTS	1	aT	be	w	1637	hTS	1	aT	involved	w	1638	hTS	1	aT	in	w	1639	hTS	1	aT	the	w	1640	hTS	1	aT	production	w	1641	hTS	1	aT	of	w	1642	hTS	1	aT	NCC,	w	1643	hTS	1	aT	but	w	1644	hTS	1	aT	it	w	1645	hTS	1	aT	remains	w	1646	hTS	1	aT	to	w	1647	hTS	1	aT	be	w	1648	hTS	1	aT	seen,	w	1649	hTS	1	aT	however,	w	1650	hTS	1	aT	what	w	1651	hTS	1	aT	the	w	1652	hTS	1	aT	demand	w	1653	hTS	1	aT	for	w	1654	hTS	1	aT	pulp	w	1655	hTS	1	aT	to	w	1656	hTS	1	aT	produce	w	1657	hTS	1	aT	NCC	w	1658	hTS	1	aT	might	w	1659	hTS	1	aT	be	w	1660	hTS	1	aT	once	w	1661	hTS	1	aT	the	w	1662	hTS	1	aT	nanocellulose	w	1663	hTS	1	aT	market	w	1664	hTS	1	aT	matures.	w	1665	hTS	1	aT	Claims	w	1666	hTS	1	aT	that	w	1667	hTS	1	aT	NCC	w	1668	hTS	1	aT	may	w	1669	hTS	1	aT	be	w	1670	hTS	1	aT	the	w	1671	hTS	1	aT	salvation	w	1672	hTS	1	aT	of	w	1673	hTS	1	aT	the	w	1674	hTS	1	aT	wood	w	1675	hTS	1	aT	products	w	1676	hTS	1	aT	industry	w	1677	hTS	1	aT	are	w	1678	hTS	1	aT	exaggerated.	w	1679	hTS	1	aT	Rather,	w	1680	hTS	1	aT	says	w	1681	hTS	1	aT	Crotogino,	w	1682	hTS	1	aT	“the	w	1683	hTS	1	aT	salvation	w	1684	hTS	1	aT	of	w	1685	hTS	1	aT	the	w	1686	hTS	1	aT	forest	w	1687	hTS	1	aT	products	w	1688	hTS	1	aT	industry	w	1689	hTS	1	aT	is	w	1690	hTS	1	aT	innovation.	w	1691	hTS	1	aT	NCC	w	1692	hTS	1	aT	will	w	1693	hTS	1	aT	be	w	1694	hTS	1	aT	part	w	1695	hTS	1	aT	of	w	1696	hTS	1	aT	this	w	1697	hTS	1	aT	as	w	1698	hTS	1	aT	a	w	1699	hTS	1	aT	key	w	1700	hTS	1	aT	to	w	1701	hTS	1	aT	the	w	1702	hTS	1	aT	development	w	1703	hTS	1	aT	of	w	1704	hTS	1	aT	higher-value	w	1705	hTS	1	aT	forest	w	1706	hTS	1	aT	products.	w	1707	hTS	1	aT	It	w	1708	hTS	1	aT	will	w	1709	hTS	1	aT	not	w	1710	hTS	1	aT	save	w	1711	hTS	1	aT	a	w	1712	hTS	1	aT	paper	w	1713	hTS	1	aT	mill	w	1714	hTS	1	aT	that	w	1715	hTS	1	aT	makes	w	1716	hTS	1	aT	traditional	w	1717	hTS	1	aT	products,	w	1718	hTS	1	aT	but	w	1719	hTS	1	aT	NCC	w	1720	hTS	1	aT	creates	w	1721	hTS	1	aT	new	w	1722	hTS	1	aT	opportunities	w	1723	hTS	1	aT	for	w	1724	hTS	1	aT	the	w	1725	hTS	1	aT	manufacture	w	1726	hTS	1	aT	of	w	1727	hTS	1	aT	innovative,	w	1728	hTS	1	aT	high-value	w	1729	hTS	1	aT	paper	w	1730	hTS	1	aT	products,	w	1731	hTS	1	aT	as	w	1732	hTS	1	aT	well	w	1733	hTS	1	aT	as	w	1734	hTS	1	aT	a	w	1735	hTS	1	aT	new	w	1736	hTS	1	aT	generation	w	1737	hTS	1	aT	of	w	1738	hTS	1	aT	building	w	1739	hTS	1	aT	materials.”	se	BT	ss	BT	ss	B	co	691.0 428.0 566.0 591.0	id	76253	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1740	hTS	1	aT	Berry	w	1741	hTS	1	aT	adds,	w	1742	hTS	1	aT	“I	w	1743	hTS	1	aT	look	w	1744	hTS	1	aT	at	w	1745	hTS	1	aT	NCC	w	1746	hTS	1	aT	as	w	1747	hTS	1	aT	a	w	1748	hTS	1	aT	way	w	1749	hTS	1	aT	of	w	1750	hTS	1	aT	diversifying	w	1751	hTS	1	aT	the	w	1752	hTS	1	aT	sectors	w	1753	hTS	1	aT	in	w	1754	hTS	1	aT	which	w	1755	hTS	1	aT	wood	w	1756	hTS	1	aT	products	w	1757	hTS	1	aT	are	w	1758	hTS	1	aT	used,	w	1759	hTS	1	aT	rather	w	1760	hTS	1	aT	than	w	1761	hTS	1	aT	turning	w	1762	hTS	1	aT	it	w	1763	hTS	1	aT	back	w	1764	hTS	1	aT	into	w	1765	hTS	1	aT	the	w	1766	hTS	1	aT	industry.”	w	1767	hTS	1	aT	What	w	1768	hTS	1	aT	he	w	1769	hTS	1	aT	means	w	1770	hTS	1	aT	by	w	1771	hTS	1	aT	this	w	1772	hTS	1	aT	is	w	1773	hTS	1	aT	that	w	1774	hTS	1	aT	the	w	1775	hTS	1	aT	wood	w	1776	hTS	1	aT	products	w	1777	hTS	1	aT	industry	w	1778	hTS	1	aT	should	w	1779	hTS	1	aT	not	w	1780	hTS	1	aT	think	w	1781	hTS	1	aT	only	w	1782	hTS	1	aT	about	w	1783	hTS	1	aT	making	w	1784	hTS	1	aT	better	w	1785	hTS	1	aT	wood	w	1786	hTS	1	aT	products	w	1787	hTS	1	aT	with	w	1788	hTS	1	aT	NCC.	w	1789	hTS	1	aT	Rather,	w	1790	hTS	1	aT	it	w	1791	hTS	1	aT	should	w	1792	hTS	1	aT	be	w	1793	hTS	1	aT	thinking	w	1794	hTS	1	aT	of	w	1795	hTS	1	aT	totally	w	1796	hTS	1	aT	new	w	1797	hTS	1	aT	applications	w	1798	hTS	1	aT	for	w	1799	hTS	1	aT	the	w	1800	hTS	1	aT	materials	w	1801	hTS	1	aT	harvested	w	1802	hTS	1	aT	from	w	1803	hTS	1	aT	our	w	1804	hTS	1	aT	forests.	se	BT	ss	BT	ss	B	co	571.0 428.0 458.0 591.0	id	76309	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1805	hTS	1	aT	“The	w	1806	hTS	1	aT	whole	w	1807	hTS	1	aT	purpose	w	1808	hTS	1	aT	of	w	1809	hTS	1	aT	ArboraNano	w	1810	hTS	1	aT	is	w	1811	hTS	1	aT	to	w	1812	hTS	1	aT	extend	w	1813	hTS	1	aT	these	w	1814	hTS	1	aT	materials	w	1815	hTS	1	aT	into	w	1816	hTS	1	aT	other	w	1817	hTS	1	aT	areas,	w	1818	hTS	1	aT	newer	w	1819	hTS	1	aT	directions,	w	1820	hTS	1	aT	new	w	1821	hTS	1	aT	market-	w	1822	hTS	1	aT	places,	w	1823	hTS	1	aT	and	w	1824	hTS	1	aT	get	w	1825	hTS	1	aT	us	w	1826	hTS	1	aT	out	w	1827	hTS	1	aT	of	w	1828	hTS	1	aT	the	w	1829	hTS	1	aT	box	w	1830	hTS	1	aT	we	w	1831	hTS	1	aT	have	w	1832	hTS	1	aT	been	w	1833	hTS	1	aT	living	w	1834	hTS	1	aT	in.	w	1835	hTS	1	aT	We	w	1836	hTS	1	aT	need	w	1837	hTS	1	aT	to	w	1838	hTS	1	aT	look	w	1839	hTS	1	aT	at	w	1840	hTS	1	aT	the	w	1841	hTS	1	aT	full	w	1842	hTS	1	aT	spectrum	w	1843	hTS	1	aT	of	w	1844	hTS	1	aT	possibilities	w	1845	hTS	1	aT	from	w	1846	hTS	1	aT	the	w	1847	hTS	1	aT	components,	w	1848	hTS	1	aT	talk	w	1849	hTS	1	aT	to	w	1850	hTS	1	aT	the	w	1851	hTS	1	aT	companies	w	1852	hTS	1	aT	we	w	1853	hTS	1	aT	have	w	1854	hTS	1	aT	never	w	1855	hTS	1	aT	spoken	w	1856	hTS	1	aT	to	w	1857	hTS	1	aT	before,”	w	1858	hTS	1	aT	Berry	w	1859	hTS	1	aT	declares.	se	BT	ss	BT	ss	B	co	463.0 428.0 338.0 591.0	id	76368	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1860	hTS	1	aT	Construction	w	1861	hTS	1	aT	on	w	1862	hTS	1	aT	the	w	1863	hTS	1	aT	demonstration	w	1864	hTS	1	aT	plant	w	1865	hTS	1	aT	should	w	1866	hTS	1	aT	be	w	1867	hTS	1	aT	completed	w	1868	hTS	1	aT	in	w	1869	hTS	1	aT	about	w	1870	hTS	1	aT	20	w	1871	hTS	1	aT	months,	w	1872	hTS	1	aT	capping	w	1873	hTS	1	aT	15	w	1874	hTS	1	aT	years	w	1875	hTS	1	aT	of	w	1876	hTS	1	aT	research	w	1877	hTS	1	aT	by	w	1878	hTS	1	aT	FPInnovations.	w	1879	hTS	1	aT	“We	w	1880	hTS	1	aT	need	w	1881	hTS	1	aT	to	w	1882	hTS	1	aT	have	w	1883	hTS	1	aT	products	w	1884	hTS	1	aT	ready	w	1885	hTS	1	aT	to	w	1886	hTS	1	aT	use	w	1887	hTS	1	aT	NCC	w	1888	hTS	1	aT	by	w	1889	hTS	1	aT	then.	w	1890	hTS	1	aT	We	w	1891	hTS	1	aT	will	w	1892	hTS	1	aT	start	w	1893	hTS	1	aT	with	w	1894	hTS	1	aT	materials	w	1895	hTS	1	aT	that	w	1896	hTS	1	aT	are	w	1897	hTS	1	aT	easier	w	1898	hTS	1	aT	to	w	1899	hTS	1	aT	take	w	1900	hTS	1	aT	to	w	1901	hTS	1	aT	the	w	1902	hTS	1	aT	marketplace.	w	1903	hTS	1	aT	Industrial	w	1904	hTS	1	aT	materials	w	1905	hTS	1	aT	are	w	1906	hTS	1	aT	easier	w	1907	hTS	1	aT	than	w	1908	hTS	1	aT	consumer	w	1909	hTS	1	aT	materials.	w	1910	hTS	1	aT	Wood	w	1911	hTS	1	aT	products	w	1912	hTS	1	aT	are	w	1913	hTS	1	aT	easier	w	1914	hTS	1	aT	than	w	1915	hTS	1	aT	aerospace,”	w	1916	hTS	1	aT	Berry	w	1917	hTS	1	aT	explains.	se	BT	ss	BT	ss	B	co	343.0 428.0 230.0 591.0	id	76416	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1918	hTS	1	aT	Introducing	w	1919	hTS	1	aT	NCC	w	1920	hTS	1	aT	to	w	1921	hTS	1	aT	products	w	1922	hTS	1	aT	containing	w	1923	hTS	1	aT	water	w	1924	hTS	1	aT	will	w	1925	hTS	1	aT	be	w	1926	hTS	1	aT	the	w	1927	hTS	1	aT	easiest	w	1928	hTS	1	aT	to	w	1929	hTS	1	aT	master,	w	1930	hTS	1	aT	because	w	1931	hTS	1	aT	NCC	w	1932	hTS	1	aT	likes	w	1933	hTS	1	aT	water.	w	1934	hTS	1	aT	Hydrophobic	w	1935	hTS	1	aT	materials	w	1936	hTS	1	aT	will	w	1937	hTS	1	aT	come	w	1938	hTS	1	aT	later.	w	1939	hTS	1	aT	Industrial	w	1940	hTS	1	aT	uses	w	1941	hTS	1	aT	will	w	1942	hTS	1	aT	likely	w	1943	hTS	1	aT	come	w	1944	hTS	1	aT	before	w	1945	hTS	1	aT	consumer	w	1946	hTS	1	aT	products,	w	1947	hTS	1	aT	because	w	1948	hTS	1	aT	of	w	1949	hTS	1	aT	regulatory	w	1950	hTS	1	aT	issues.	w	1951	hTS	1	aT	Automotive	w	1952	hTS	1	aT	applications	w	1953	hTS	1	aT	will	w	1954	hTS	1	aT	precede	w	1955	hTS	1	aT	those	w	1956	hTS	1	aT	in	w	1957	hTS	1	aT	aerospace,	w	1958	hTS	1	aT	with	w	1959	hTS	1	aT	its	w	1960	hTS	1	aT	stringent	w	1961	hTS	1	aT	and	w	1962	hTS	1	aT	lengthy	w	1963	hTS	1	aT	certification	w	1964	hTS	1	aT	processes.	se	BT	ss	BT	ss	B	co	235.0 428.0 86.0 591.1	id	76481	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	1965	hTS	1	aT	One	w	1966	hTS	1	aT	day,	w	1967	hTS	1	aT	Berry	w	1968	hTS	1	aT	muses,	w	1969	hTS	1	aT	aircraft	w	1970	hTS	1	aT	manufacturers	w	1971	hTS	1	aT	might	w	1972	hTS	1	aT	come	w	1973	hTS	1	aT	full	w	1974	hTS	1	aT	circle	w	1975	hTS	1	aT	to	w	1976	hTS	1	aT	using	w	1977	hTS	1	aT	NCC-enhanced	w	1978	hTS	1	aT	wood	w	1979	hTS	1	aT	products	w	1980	hTS	1	aT	in	w	1981	hTS	1	aT	aircraft	w	1982	hTS	1	aT	again:	w	1983	hTS	1	aT	fancier	w	1984	hTS	1	aT	versions	w	1985	hTS	1	aT	of	w	1986	hTS	1	aT	plywood	w	1987	hTS	1	aT	sheathing	w	1988	hTS	1	aT	and	w	1989	hTS	1	aT	the	w	1990	hTS	1	aT	wooden	w	1991	hTS	1	aT	stringers	w	1992	hTS	1	aT	of	w	1993	hTS	1	aT	old.	w	1994	hTS	1	aT	Call	w	1995	hTS	1	aT	it	w	1996	hTS	1	aT	wild	w	1997	hTS	1	aT	speculation,	w	1998	hTS	1	aT	but	w	1999	hTS	1	aT	perhaps	w	2000	hTS	1	aT	spacecraft	w	2001	hTS	1	aT	will	w	2002	hTS	1	aT	one	w	2003	hTS	1	aT	day	w	2004	hTS	1	aT	be	w	2005	hTS	1	aT	made	w	2006	hTS	1	aT	of	w	2007	hTS	1	aT	nanocrystalline	w	2008	hTS	1	aT	cellulose-containing	w	2009	hTS	1	aT	parts.	w	2010	hTS	1	aT	After	w	2011	hTS	1	aT	all,	w	2012	hTS	1	aT	the	w	2013	hTS	1	aT	registry	w	2014	hTS	1	aT	number	w	2015	hTS	1	aT	for	w	2016	hTS	1	aT	Star	w	2017	hTS	1	aT	Trek’s	w	2018	hTS	1	aT	USS	w	2019	hTS	1	aT	Enterprise,	w	2020	hTS	1	aT	the	w	2021	hTS	1	aT	most	w	2022	hTS	1	aT	famous	w	2023	hTS	1	aT	spaceship	w	2024	hTS	1	aT	in	w	2025	hTS	1	aT	the	w	2026	hTS	1	aT	universe,	w	2027	hTS	1	aT	was	w	2028	hTS	1	aT	NCC-1701.	se	BT	ss	BT	ss	B	co	101.9 575.2 90.8 591.0	id	76483	uSOP	1	se	B	aFS	-4.31602e+008	sOP	1	w	2029	hTS	1	aT	PPC	iBld	1	se	BT	se	BS	se	BG	aFS	-4.31602e+008	se	BGL	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79818	n	column	uiSK	700005	se	B	se	BM	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79819	n	companyinarticle	uiSK	700007	se	B	se	BM	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79820	n	articlecategory	uiSK	700008	se	B	se	BM	ss	BGK	ss	BG	ss	B	co	775.0 78.0 86.0 591.1	id	79821	n	keywords	uiSK	700009	se	B	ss	BS	se	BS	se	BG	se	BGK	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79822	n	lead	uiSK	700010	se	B	cn	Research Council lists 18 product areas in which NCC could have applications. Here are some possibilities:• Add NCC to varnish, perhaps just 3% of its volume. This makes it about three times harder, and more abrasion-resistant than ordinary varnish. This improvement could directly help those in the wood products industry, such as manufacturers of hardwood floors and cabinetry. NCC could also improve the strength of adhesives.	se	BM	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79823	n	storytype	uiSK	700011	se	B	se	BM	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79824	n	priority	uiSK	700012	se	B	se	BM	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79825	n	altsection	uiSK	700013	se	B	se	BM	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79826	n	web	uiSK	700014	se	B	se	BM	ss	BM	ss	B	co	775.0 78.0 86.0 591.1	id	79827	n	email	uiSK	700015	se	B	se	BM	se	BS	se	BG	ss	BG	ss	B	co	70.2 78.5 63.5 591.5	id	74382	sBU	1	suT	built	se	B	ss	BS	ss	BGL	ss	BG	ss	B	bord	LB	co	70.2 78.5 63.5 252.6	id	14333	n	body	suT	body8	se	B	ss	BS	ss	BT	ss	B	bord	LB	co	70.2 78.5 63.5 252.6	id	14149	se	B	aFS	8	sOP	1	w	1	hTS	1	iBld	1	w	2	hTS	1	iBld	1	w	3	hTS	1	iBld	1	w	4	hTS	1	iBld	1	w	5	hTS	1	iBld	1	w	6	hTS	0	iBld	1	w	7	hTS	1	iBld	1	w	8	hTS	1	iBld	1	se	BT	se	BS	se	BG	aFS	8	se	BGL	ss	BGL	ss	BG	ss	B	bord	BR	co	68.9 495.0 63.5 591.5	id	14334	n	body	suT	body8	se	B	ss	BS	ss	BLINK	ss	BT	ss	B	co	68.9 495.0 63.5 591.5	id	14344	n	web	se	B	aFS	8	w	9	hTS	0	iBld	1	w	10	hTS	1	iBld	1	se	BT	ss	coL	co	68.9 495.0 63.5 591.5	se	coL	se	BLINK	se	BS	se	BG	aFS	8	se	BGL	se	BS	se	BG	se	BS	se	page	 
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