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LAC KNIFE FLAKE GRAPHITE PRODUCTS 
        Flotation Concentrates from Pilot Plant Tests  

•  Coarse (+80 mesh)             – 98.3%C 
•  Medium (-80x150 mesh)     – 98.2%C 
•  Fine (-150x200 mesh)         – 98.0%C 

Purified Flake - 99.98+%C  

Carbon Coated Spherical Graphite (SPG)  
•  Standard         D50 = 23.9 µm 
•  Fine             D50 = 17.4 µm 
•  Superfine        D50 = 11.9 µm 

Sized Purified Graphites 
•  Flake Graphite        D50 = 21, 16, 10 and 7µm 
•  Expanded Graphite    D50 = 21, 15.8 and 3.5 µm 

Grades Under Development 
•  Silicon Enhanced Carbon Coated Spherical Graphite 
•  High Rate Capability Graphite  
•  Oxidation Resistant Graphite 



Fig. 1  PARTICLE SIZE DISTRIBUTIONS OF SUPERFINE, FINE 
 AND STANDARD GRADES OF LAC KNIFE SPG 

        

Superfine	SPG	
D50	=	11.9μm	

Standard	Grade	SPG	
D50	=	23.9μm	
	

Fine	Grade	SPG	
D50	=	17.4μm	
	

Range:	10	-	15	µm	

Range:	23	–	29	µm	

Range:	16	–	22	µm	



Fig. 2  WHY SILICON ENHANCED GRAPHITE? 
        18650	CELL	NOMINAL	CAPACITY	ANALYSIS	

•  By 2011 practical limit of capacity of 18650 cells has been reached with chemistries based on 
all-graphitic carbon anodes. 

•  Further capacity increases were made by seeding graphite anodes with transition metal 
dopants, which include Sn, Si, etc. 

M.L.	BARSUKOV,	et	al.	(2018)	
Silicon-Enhanced	Graphite	
Anodes	for	Next-GeneraGon	
Lithium-Ion	BaKeries:	Product	
Concepts,	Performance	and	
Manufacturing	Process	
Flowsheets.	Materials	for	Li-
ion	BaKeries:	Advances	and	
ApplicaGons	with	Silicon	
Anodes	and	Electrolytes.	
JAMES	J.	WU	Eds.	Pan	
Stanford	Publishing	Pte.	Ltd,	
Chapter	2	(in	press)	
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Fig. 3 PREPARATION OF CARBON COATED Si ENHANCED SPG 



Fig. 4 CROSS SECTION OF CARBON COATED Si ENHANCED SPG 
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Fig. 5 SEMs OF STANDARD AND Si ENHANCED SPG 

Lac Knife SPG – 0 wt% Si 

9 wt% Si 13.5 wt% Si 18 wt% Si 

As the wt% of Si addition increases, more 
Si particles appear on the surface of the 
SPG. Nevertheless, spheroidal shape of 
core graphite particle is retained within 
broad spectrum of Si additions.  



Fig. 6 TEMs OF STANDARD AND Si ENHANCED SPG 

Standard SPG 9 wt% Si Enhanced SPG 

TEM	data	by	ISI,	200	kV	EM-002B	Ultra-high	resolu7on	Transmission	Electron	Microscope		

•  Spheroidized edges of basal plane on graphite are clearly evident. 
•  No foreign inclusions are visible in SPG, attesting to its ultra-high purity level 
•  Nano-scale particles of Silicon are clearly visible in the Si-enhanced SPG structure; 
•  Most of the Si is trapped inside the spheroidal shell of SPG. 



Fig. 7 EFFECT OF CARBON COATING ON SURFACE AREA OF 
 Si ENHANCED SPG 

•  Applying	a	carbon	coa7ng	reduces	the	surface	area	of	the	SPG	

•  Target	SA	for	graphite	used	in	Li	ion	ba?eries	is	generally	less	than	4	m2/g	



Fig. 8 EFFECT OF Si ADDITION ON TAP DENSITY OF SPG 

•  Carbon	Coa7ng		increases	the	tap	density	of	both	the	Standard	and	Si-enhanced	SPG	
•  Targeted	tap	density	of	0.9	to	1.0	g/cc	for	coated	SPG	was	achieved	at	Si	levels	up	to	9	wt%	Si	

13.5	



Fig. 9 GALVANOSTATIC CHARGE/DISCHARGE CURVES FOR CARBON 
 COATED AND UNCOATED SPG AT 4.5 wt% Si ADDITION 

•  Coa7ng	the	SPG	with	carbon	increases	the	reversible	capacity	from	392	to	462	mAh/g	which	is			
								24%	higher	than	the	theore7cal	capacity	of	graphite	alone.	
•  Carbon	Coa7ng	also	reduces	the	Irreversible	Capacity	Loss	(ICL)	from	22.6%	to	18.3%	

C/20	



Fig. 10 GALVANOSTATIC CURVES FOR CARBON COATED SPG 
  AT C/20 & C/5 RATES AT 4.5 wt% Si ADDITION 

•  Data shows highly stable cycling performance while changing cycling rates between C/20 and C/5 



Fig. 11 GALVANOSTATIC CURVES FOR CARBON COATED  
   SPG at 9 wt% Si ADDITION  

•  Irreversible Capacity Loss (ICL) has been reduced to 15.4% compared with 18.3% for 4.5 wt% Si SPG 

C/20	



Fig. 12 GALVANOSTATIC CURVES FOR CARBON COATED AND 
   UNCOATED SPG AT 13.5 wt% Si ADDITION 

•  Coa7ng	the	SPG	with	carbon	increases	the	Reversible	Capacity	from	463	to	514	mAh/g	which	is	
					38%	higher	than	the	theore7cal	capacity	of	graphite	alone.	

•  Carbon	coa7ng	also	reduces	the	Irreversible	Capacity	Loss	(ICL)	from	34.6%	to	12.3%	

C/20 



Fig. 13 GALVANOSTATIC CURVES FOR CARBON COATED AND 
   UNCOATED SPG AT 18 wt% Si ADDITION 

•  Coa7ng	the	SPG	with	carbon	increases	the	Reversible	Capacity	from	613	to	633	mAh/g	which	is	
					70%	higher	than	the	theore7cal	capacity	of	graphite	alone.	

•  Carbon	coa7ng	also	reduces	the	Irreversible	Capacity	Loss	(ICL)	from	26.4%	to	18.6%	

%	

C/20 



Fig. 14 EFFECT OF ELECTROLYTE ON THE GALVANOSTATIC CURVES  
   FOR UNCOATED SPG AT 18 wt% Si ADDITION 

•  The	use	of	LP	30	electrolyte	increased	the	reversible	capacity	of	the	uncoated	SPG	from	555	to	613	mAh/g	

ICL: 26.4% ICL: 26.1% 



FUTURE DEVELOPMENT WORK 

•  Alternative sources of silicon  

•  Optimize process for adding silicon to the SPG 

•  Optimize spheroidizing process 

•  Classifying and Sizing of SPG 

•  Alternative sources of carbons for coating the SPG 

•  Determine best electrolytes to use with Lac Knife SPG  



DISCLAIMER 

This presentation contains “forward-looking information” within the meaning of Canadian securities legislation. All information 
contained herein that is not clearly historical in nature may constitute forward-looking information. Generally, such forward-looking 
information can be identified by the use of forward-looking terminology such as  “plans”, “expects” or “does not expect”, “is 
expected”, “budget”, “scheduled”, “estimates”, “forecasts”,  “intends”, “anticipates” or “does not anticipate”, or “believes”, or 
variations of such words and phrases or state that certain actions, events or results  “may”, “could”, “would”, “might” or “will be 
taken”, “occur” or “be achieved”. Forward-looking information is subject to known and unknown risks, uncertainties and other 
factors that may cause the actual results, level of activity, performance or achievements of the Company to be materially different 
from those expressed or implied by such forward-looking information, including but not limited to: (i) volatile stock price; (ii) the 
general global markets and economic conditions; (iii) the possibility of write-downs and impairments; (iv) the risk associated with 
exploration, development and operations of mineral deposits; (v) the risk associated with establishing title to mineral properties and 
assets; (vi)the risks associated with entering into joint ventures; (vii) fluctuations in commodity prices; (viii) the risks associated with 
uninsurable risks arising during the course of exploration, development and production; (ix) competition faced by the resulting 
issuer in securing experienced personnel and financing; (x) access  to  adequate  infrastructure  to  support  mining,  processing, 
development and exploration activities; (xi) the risks associated with changes in the mining regulatory regime governing the 
resulting issuer; (xii) the risks associated with the various environmental regulations the resulting issuer is subject to; (xiii) risks 
related to regulatory and permitting delays; (xiv) risks related to potential conflicts of interest; (xv) the reliance on key personnel; 
(xvi) liquidity risks; (xvii) the risk of potential dilution through the issue of common shares; (xviii) the Company does not anticipate 
declaring dividends in the near term;(xix) the risk of litigation; and (xx) risk management.  
 
Forward-looking information is based on assumptions management believes to be reasonable at the time such statements are 
made, including but not limited to, continued exploration activities, no material adverse change in metal prices, exploration and 
development plans proceeding in accordance with plans and such plans achieving their stated expected outcomes, receipt of 
required regulatory approvals, and such other assumptions and factors as set out herein. Although the Company has attempted to 
identify important factors that could cause actual results to differ materially from those contained in the forward-looking information, 
there may be other factors that cause results not to be as anticipated, estimated or intended. There can be no assurance that such 
forward-looking information will prove to be accurate, as actual results and future events could differ materially from those 
anticipated in such forward-looking information. Such forward-looking information has been provided for the purpose of assisting 
investors in understanding the Company’s business, operations and exploration plans and may not be appropriate for other 
purposes. Accordingly, readers should not place undue reliance on forward-looking information. Forward-looking information is 
made as of the date of this press release, and the Company does not undertake to update such forward-looking information except 
in accordance with applicable securities laws. 
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