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Quality	OF	Graphene	play	Key	-	Performance	
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Solid-State	Li-Ion	Ba]eries	&	Silicon	Anodes	
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SILICON	ANODES:	NANOTECHNOLOGY	COMPENSATE	VOLUME	CHANGE	
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SILICON	ANODES	PARTICLE	SIZE:	ADVANTAGES	&	DISADVANTAGES	
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SILICON	CARBON	CORE-SHELL	COMPOSITES	PLAYERS	



LOW	COST	FUEL	CELL	DEVELOPMENT	

	 Royal	Society	Industry	Fellowship	at	the	University	of	Cambridge		

7	Bipolar	plate	represents		~50%	of	total	cost	of	a	fuel	cell	stack.	
		

Using	stainless	steel	(“SS”)	offers	lower	cost	bipolar	plates,	but	requires	
coa:ng	solu:ons	for	oxida:on,	conduc:vity	and	other	issues	



IMPROVED	CORROSION	RESISTANCE	BIPOLAR	PLATE		

No.	 Sample	 PotenJal		
(V	vs	SCE)	

Current	
(A.cm2)	

Corrosion	
rate	(mmpy)	

1	 SS	304L	 -0.265	 7.94E-5	 0.92	

2	
SS	304L	+	
Graphene	
coaUng	

0.231	 1.58E-6	 0.018	

3	 SS	316L	 -0.258	 3.16E-5	 0.37	

4	
SS	316L	+	
Graphene	
coaUng	

0.248	 6.31E-8	 0.0007	

	 Corrosion	resistance	of	SS316	plate	improved	x	500	
Corrosion	resistance	of	SS304	plate	improved	x	20	

Corrosion resistance improved x 500 in 1M H2SO4 acid  



CONDUCTIVITY	AND	ADHESION	OF	HYBRID	GRAPHENE	INK	

9	Crosshatch	test	ASTM	D	3359	–	97	
Good	adhesion	on	various	substrates,	incl.	SS	&	PET		

Four point probe measurement on glass  
Sheet resistance 1 Ohm/sq



Ba]eries	vs	Fuel	Cells	
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Ba]eries	 Fuel	cells	
Advantages	 Smaller	and	lighter	

High	energy	density	
Low	self	discharge	
Longer	life	scan	

Consistent	output	
High	level	of	Energy	efficiency	
Significantly	reduced/zero	CO2	emission	
Be`er	fuel	economy	
EffecUve	Energy	Storage	

Disadvantages	 SensiUve	to	temperature	
Aging	effect	
Safety	concern	
Deep	discharge	

Costly	to	manufacture,	storage	and	
transport,	Hydrogen	staUon	availability	in	
UK	
Not	suitable	for	every	situaUon	
Temperature	regulaUon	is	required	



Cost	of	Corrosion	on	Economic	Scale	is	Significant!	
United	Kingdom	

GDP	(2007): 	 	 	$2,279	billion	
Annual	cost	of	corrosion: 	$70.6	billion	

Australia	
GDP	(2008): 	 	 	$920	billion	
Annual	cost	of	corrosion: 	$70.6	billion	

USA	
GDP	(2007) 	 	 	$13,840	billion	
Annual	cost	of	corrosion: 	$429	billion	

All	figures	US	Dollars	
		

Reference:	NACE	figures:
h]p://events.nace.org/publicaffairs/cocorrindex.asp	
GDP	figures:	h]p://www.economywatch.com/	
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Safety	is	the	Key,	Can	Graphene	contribute?	
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CHOICE	OF	W&D	IS	IMPORTANT-GRAPHENE	W&D	TECHNOLOGY	
W&D Additive – Concentration play key role  

Source: Lubrizol 
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FUNCTIONALISATION-GRAPHENE	DISPERSION	TECHNOLOGY	
IMPACT of incorrect W&D additives in Water bone Primers 

Source: Atlanta - BYK 

Correct W&D for WB Coating  
 

Wrong W&D for WB Coating 
(everything else constant) 
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LI	ION	BATTERY	ANODE:	GRAPHITE	WITH	GRAPHENE	ENCAPS.	SILICON	

  Graphene	silicon	composite	electrode	addiUve	to	exisUng	graphiUc	anodes	

  First	cycle	efficiency	>	87%,	Reversible	coloumbic	efficiency	in	range	of	99.3%	–	99.8%		

  Gravimetric	capacity	at	500mAh/g	at	10%	Si	equivalent	with	5%	graphene	

  Full	cell	technology	with	high	voltage	in	progress	Cambridge	University	

High	capacity	silicon	anode	using	Graphene	

Silicon	graphene	composite	parUcle	
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Next	generaJon	AutomoJve/Defence	and	organic	electronics	–	G-Inks	

Oil	cooler	

Radiator	–	heat	transfer	 Smart	Garments	

Sport	and	Fitness	

MoJon	Analysis	

AutomoJve	 Safety	:	Defence/ProtecJon	

Transport	

FaJgue	Monitoring	

CommunicaJon	

Flexible	electronics	

AutomoJve	
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