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Figure V - 101: Lithium removal from the Sn-Fe electrode synthesized by titanium reduction in soft-iron media. (a) 

cycled between 0.01 and 1.2 volts, (b) between 0.01 and 1.5 volts, and (c) Ragone plots comparing this material with the
 
SONY SnCo anode. .............................................................................................................................................................. 565 


scroll of about 20 nm in outer diameter. (b) Cross sectional TEM image of a scroll with inner radius less than 20 nm. (c) 

TEM micrographs for stacked layers of Ti-C-O-F. Those are similar to multilayer graphene or exfoliated graphite that 


Figure V - 102: Lithium insertion into the Sn-Fe electrode synthesized by titanium reduction in soft-iron media. (a) 

cycled between 0.01 and 1.2 volts, (b) between 0.01 and 1.5 volts, and (c) Ragone plots comparing this material with the
 
SONY SnCo anode. .............................................................................................................................................................. 565 

Figure V - 103: Rate capability of Si/MgO/graphite electrode between 0.01 V and 1.5 V. (a) capacity cycling at different
 
current density; (b) lithium insertion/removal curve at different rates, and Ragone plot for Li insertion. 1 C rate = 2.8
 
mA/cm2. The first cycle current density was 0.3 mA/cm2. For current = 1.5, 3, 8 mA/cm2, the Li/SMOG half cell was 

discharged to 0.01V and held at 0.01 V for 2 hours before charged. .................................................................................. 566 

Figure V - 104: TEM images of exfoliated MXene nanosheets. (a) TEM micrographs of exfoliated 2-D nanosheets of Ti-

C-O-F. (b) Exfoliated 2-D nanosheets; inset SAD shows hexagonal basal plane. (c) HRTEM image showing the 

separation of individual sheets after ultra-sonic treatment. (d) HRTEM image of bilayer Ti3C2(OH)xFy. ........................ 568 

Figure V - 105: TEM images of exfoliated MXene nanosheets. HRTEM image of a bilayer Ti3C2(OH)xFy. (a) Conical 
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Figure V - 114: (a) Charge-discharge curves of Si-graphene nanocomposites at a rate of 200 mA/g between 0.01 and 1.5
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Figure V - 120:  (A) PEMS deposition chamber and setup for depositing nano-particles of silicon clathrate (guest free) 

into a pool of IL. (B) Image of deposition plasma directed over pool of IL.  (C)  Image of IL pool following PEMS
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Figure V - 122: Raman spectropic analysis of the Si46 produced by PEMS deposition into an ionic liquid. ..................... 583 

Figure V - 123: Energy change of Si46 due to Ba guest atoms or Al substitution of the Si framework. ........................... 583 

Figure V - 124:  Cyclic voltammetry of Ba8Al8Si38 for the reductive intercalation and oxidative deintercalation of Li+
 

after the formation of a stable SEI........................................................................................................................................ 584 

Figure V - 125: Specific capacity with cycling for anodes with different Si particle sizes bound together with inorganic
 
glue........................................................................................................................................................................................ 586 

Figure V - 126: TEM images and diffraction patterns of the same two nanowires before (left) and after (right) lithiation

 ............................................................................................................................................................................................... 586 

Figure V - 127: Hollow Si nanoparticle synthesis and images............................................................................................ 587 

Figure V - 128: Electrochemical performance of hollow Si nanoparticles. ....................................................................... 588 


Energy Storage R&D xxvi FY 2011 Annual Progress Report 



 

 
 

 
 
 
 

 
  

 
  

 
  

  
 

  
 

     
   

  
 

 
  

  
 

  

 
     

 

  
    

 

 

  
 

 

   
  

 
 

    
  
  

 
 

  

     

   
   

   

Figure V - 129: (A) Cycle performance of MC550 under different rate conditions and (B) comparison of cell performance 


= 0.43 and d) α = 2.02 obtained by cryofracturing washed out films. (Images taken from Wong et al., paper under 


Figure V - 160: Ion coordination in the crystal structures of (ADN):LiDFOB (Li-purple, O-red, N-blue, B-tan, F-green).


between mesoporous carbon MC550 and non-porous carbon C550 under same rate conditions (the electrode area is
 
1.327cm2 ). ............................................................................................................................................................................ 591 

Figure V - 130: (A) Cycle performance of MC550 with Polypyrrole (PPy) surface coating (10wt% and 20wt%) under 

different rate conditions; (B) Cycle performance of MC550 with carbon nanotube (CNT) doping (10wt% and 20wt%) 

under different rate conditions.............................................................................................................................................. 591 

Figure V - 131: (A) First cycle of MC550 with 10wt% surface coating of single ion conductors under the rate of C/20 (B) 

Cycle performance of MC550 with 10wt% surface coating of single ion conductors under different rate conditions. .... 592 

Figure V - 132: Comparison of the rate capability of different commercial carbons with the house synthesized
 
mesoporous carbon. Natural graphite, potaot graphite and mesophase graphite all come from Pred. Materials. MCMB
 
(MesoCarbon MicroBeads) comes from MTI Corporation. ................................................................................................ 592 
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review.) ................................................................................................................................................................................. 594 

Figure V - 134: Synthesis of P3HT-b-PEO.......................................................................................................................... 595 

Figure V - 135: Average specific capacities for the first 10 cycles of 10 cells. .................................................................. 595 

Figure V - 136: Methods of immobilizing electrolyte anions in lithium ion batteries. (a) Polyelectrolyte ionomers for use 

as separators and binders; (b) surface modified carbons for incorporation into composite electrodes to control lithium ion
 
concentration. ........................................................................................................................................................................ 598 

Figure V - 137: New salts synthesized and tested in FY10. ................................................................................................ 599 

Figure V - 138: Structure of Polyether-polysufone Single ion conductor (PS-TFSI) ......................................................... 599 

Figure V - 139: Conductivities of polyelectrolyte gels as a function of temperature. Gels are prepared with EC:EMC
 
solvent. .................................................................................................................................................................................. 600 

Figure V - 140: Nyquist plot of impedance of PS-TFSI Single-ion conductor gel against Li metal. ................................. 601 

Figure V - 141: Nyquist plots of Half cells of LiFePO4, one with a single-ion conductor separator and binder and one with 

a binary salt electrolyte ......................................................................................................................................................... 601 

Figure V - 142: Discharge capacity as a function of rate comparison for single ion conductors versus binary salt 

electrolytes ............................................................................................................................................................................ 601 

Figure V - 143: Voltammetry of Polysulfone SIC gel in Li/SIC/LiFePO4 cell. .................................................................. 601 

Figure V - 144: Synthesis of LiBOBPHO-R (R = Ph, 2-MePh). ........................................................................................ 606 

Figure V - 145: Synthesis of lithium CTB (R = Me, Et; R’ = Ph, 4-MePh, 4-MeOPh, Me, Bu, Cy, OH)......................... 606 

Figure V - 146: Synthesis of lithium CBPO ........................................................................................................................ 606 

Figure V - 147: Molecular structure of the compounds in Table V - 3. .............................................................................. 606 

Figure V - 148: TGA of the first generation FRIons. .......................................................................................................... 607 

Figure V - 149: Capacity versus cycle number for the specified electrolyte formulations. ................................................ 607 

Figure V - 150: In situ ΔR/R vs wavenumber for various sampling potentials, samp, as specified. See text for details .. 608 

Figure V - 151: Differential capacity profiles of Li/MCMB with 1.2M LiPF6 EC/EMC 3/7+2% additive. ...................... 610 

Figure V - 152: Illustration of the dissociation of the ally group from a 1,3,5-triallyl-[1,3,5]triazinane-2,4,6-trione 

molecule. ............................................................................................................................................................................... 611 

Figure V - 153: Capacity retention of MCMB/NCM cells cycled between 3 and 4.0V at 55 ◦C in electrolyte of 1.2M
 
LiPF6 EC/EMC 3/7 with no and various amount of the TTT additive. ............................................................................... 611 

Figure V - 154: Examples of anions synthesized. ................................................................................................................ 613 

Figure V - 155: TGA heating traces of the salts. ................................................................................................................. 613 

Figure V - 156: Ion coordination in the crystal structure of LiETAC (Li-purple, O-red, N-blue, F-green). ..................... 613 

Figure V - 157: Phase diagrams for (AN)n-LiFSI and (AN)n-LiPF6 mixtures. ................................................................. 614 

Figure V - 158: Phase diagrams for (AN)n-LiDFOB and (ADN)n-LiDFOB mixtures. ..................................................... 614 

Figure V - 159: Ion coordination in the crystal structures of (AN)3:LiDFOB and (AN)1:LiDFOB (Li-purple, O-red, N-

blue, B-tan, F-green). ............................................................................................................................................................ 615 


 ............................................................................................................................................................................................... 615 

Figure V - 161: C/20 charging to 4.75 & 5.30V and hold at same V, LNi0.5Mn1.5O4; Scan (5mV/S) and hold (4.75 & 

5.30V) on Pt; LiPF6/EC/EMC. ............................................................................................................................................. 617 

Figure V - 162: Specific capacity of LiNi0.5Mn1.5O4 cells containing standard electrolyte and added LiBOB. ................ 617 

Figure V - 163: First charge-discharge curve for LiPF4(C2O4) and LiPF6 electrolytes. ................................................... 618 

Figure V - 164: XPS analysis of graphite/LiFePO4 cells. .................................................................................................... 618 

Figure V - 165: Cycling performance of graphite /LiNi1/3Co1/3Mn1/3O2 cells with different electrolytes. ......................... 619 


FY 2011 Annual Progress Report xxvii Energy Storage R&D 
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Figure V - 201: Steady-state current vs. voltage after different lengths of passivation holds.  Markers are measurements, 

dashed lines are model fits.  Both the exchange current density i0 and the through-film limiting current ilim decrease. Data
 
is measured at 900 rpm with 1.1 mM ferrocene/ferrocenium hexafluorophosphate. .......................................................... 645 


Electron diffraction patterns of each crystallite, showing the structure of a rock salt and a spinel phase, respectively. 


microchips and across the SiNx membrane b) charging curve, c) bright-field TEM image of HOPG anode before 

experiment and d) snapshot acquired during in situ electrochemistry experiment depicting the formation of the SEI on the
 

Figure V - 202: Nyquist plot of electrode after different lengths of passivation holds.  Longer passivation times cause
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Figure V - 203: Bode plot of electrode after different lengths of passivation holds.  The high-frequency peak depends on 
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Figure V - 205: (Left bottom) Bright field image of a LiNi0.5Mn1.5O4 particle containing different crystallites. (Left top) 


(Right) First cycle of a LiNi0.5Mn1.5O4 made at 900C (red) and 1000C (black). ............................................................ 649 

Figure V - 206: (Top) -XAS map of NiO electrodes reduced halfway at C/20 and 1C rate. (Bottom) %Ni0 resulting from
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Figure V - 207: The voltage profiles for ordered (red) and 4 different disordered’ (yellow, green, blue and magenta) 
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