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38: Rate Study of B9A, B9B, and BIC. Testing performed at 30°C. Voltage widow of 2.5 V to 4.5 V. Nominal rates of
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117: Typical plot of iR-corrected average cell voltage (Wh/Ah) vs. cycle count from a baseline cell, showing that,
during both charge and discharge subcycles, the average cell voltage decreases with cycling. The first cycle was
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56: SEM of a-LiVOPQ4 prepared with a water:ethanol ratio of 3:1 for the various indicated reaction hold times at
230°C (not including ~ 25 min ramp time to 230°C), V concentrations, and amounts of CTAB solution substituted
FOT WATET ..o 450

57: First charge-discharge curves at C/20 rate of a-LiVOPOs prepared with water:ethanol = 3:1 for various reaction
hold times at 230°C, V concentrations, and amounts of CTAB solution substituted for water...........c.c.ccocovreunes 451
58: (a) SEM image, (b) first two charge-discharge profiles, (c) the highest capacity obtained at various rates, and (d)
cycling performance at 1C rate of the Li2MnSiO4/C nanocomposite cathode material............cccoevvriririeriennes 451
59: (a) a Si electrode of average particle size of 20 ym before cycling, (b) the same electrode after 20 cycles (vs Li)
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60: (a) the void volume within a Si electrode of average particle size of 20 um before cycling, (b) the same electrode
AFLET 20 CYCIES (VS i) vttt bbb 454

61: SEM images from the electro-less deposition of metallic Sn from a commercial plating bath on a copper-foam.
Total deposition time Was 240 SECONGS ...........cwiierirririeeer et 455

62: Cycling performance of a Si film on Cu using (a) TEACI as supporting electrolyte salt and (b) using TBACI as the
SUPPOItING EIECHIOIYEE SAIL ........cveee bbb 455

63: 2Si NMR data collected from four different types of samples is shown. Specifically, the samples are (a) uncycled
bulk silicon, (b) an oxidized sample (SiOz), (c) TBACI supporting electrolyte, (d) TEACI supporting electrolyte 456
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64: Sn K-edge XANES for different (top) lithiation states and (bottom) delithiation states of nano-sized Sn-Fe-C .... 458

65: (Top) XRD patterns and (bottom) cycling performance of nanosized Sn-Fe-C materials...........coocovvenienenns 458
66: (Top) Electrochemical cycling and (bottom) rate capability 0f naN0-SnsFe ..........cocvvvierieninieseenes 459
67: (top) XRD patterns and (bottom) electrochemical performance of Sn2Fe materials synthesized by the solvothermal
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69: Effect of different binders on the capacity of exfoliated TizCo. ......couvverrirrieniieree s 462
70: In situ dilatometry results for exfoliated TisCz: electrode expansion %, and voltage during lithiation and delithiation
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71: Volumetric and gravimetric capacities of exfoliated and delaminated TisC2. Inset shows SEM image of an additive-
free film of delaminated TisC: filtered through the membrane............ccccovrnnner e 463
72: Electrochemical performance of Nb2C and V2C (produced by HF treatment of attrition milled V2AIC) compared to
what was reported previously fOr TiaC.........o i 463

73: a) Free-standing additive-free Nb2C MXene disc. b) Areal capacity vs. cycle number for pressed additives-free
Nb2C. Inset zooms in on the first 11 cycles for cells with two different loadings squares and crosses are for
lithiation capacities, while the circles and diamonds are for delithiation capacities for two discs with loadings of 94

and 136 MQ/CM?Z, FESPECHIVEY .....ccuivieireeceeieeeee ettt bbb 464
74: (a) The atomic structure of amorphous ALD-Al20s, the concentration profile of O atoms shows 1.1A periodicity, (c)

LAWS characterization of the mechanical properties of ALD COAtINGS .......cceuevrererriereernireeireseeiseeeeeeseieeens 467
75: Electrochemical Biot number B obtained from PITT MeasuremMent ..........ccceuveerieineneinenenenese e 468
76: DFT results show the (a) charge transfer from Li to Cu substrate leads to (b) higher Li/Si ratio at the LixSi/Cu
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77: (a) Water contact angles on the surfaces of PEFM and PFM films. The E side chains in PEFM increase the
polarity, and thus improve the swelling of the polymer. Therefore the PEFM has a lower contact angle with water.
(b) The swelling tests of PEFM and PFM polymer film in the 1M LiPF6 EC/DEC (1:1) electrolyte. The electrolyte
uptake in PEFM is three times higher than that in PFM, and is at the same level as that for conventional non-
CONAUCEIVE PVDF DINAET ...ttt nnne s 471

78: Peel tests comparison of the electrode laminate made with PFM and FEFM binder. (a) Peel testing photos of the
two electrodes during the tests. The photo shows the PFM based electrode was peeled off (left), but PEFM
based electrode remains attached to the Cu current collector with only small amount of surface materials peeled
off by the tape (right). This shows that the adhesion force of the developed PEFM is too strong to be measured
by such conventional method. (b) Force measured during the peel tests of PFM and PEFM based electrodes.
Note again that the adhesion force of PEFM based electrode is beyond the measurement range of such method,

and actually even higher than the value (1.7 Ibf) showed by the red curve ..., 471
79: Cycling performance of polymer/Si composite electrodes. (The current density at C-rate is 0.92 mAh/cm?)....... 472
80: Pure Sn nanoparticle composite electrodes. (a) Different amount of PFM. (b) Different binders ............ccoccneenee 472
81: The structure of hexylene carbonate (HeC), octylene carbonate (OcC) and dodecylene carbonate (DoC)......... 472
82: Cycling performances of a graphite half cell in a 1 M LiPFs solution of (a) EC/DEC=1, (b) HeC/PC=4, (c)
OcC/PC=2, and (d) DOC/PC=1 (V/v) @t @ C/10 Fate.......crvueereerieririiriireercieces et ssees 473
83: FTIR spectra of (a) a standard LPDC, (b) a graphite electrode cycled in a 1 M LiPFs solution of HeC/PC=4 for
around 10 cycles at C/10, and (c) the electrolyte used in the cell, 1 M LiPFs in HeC/PC=4 ...........cccovvvvrrierennes 473
84: SEM images of electrodeposited Si before cycling (top) and after 100 cycles of testing for Li/Li* battery (below)476
85: Capacity and columbic efficiency plots cycled at 400 mA/g between 0.02 and 1.2 V for 100 cycles.........cccoeuunes 476
86: SEM images of electrodeposited Si films at (a) O0Hz, (b) 500Hz, (c) 1000Hz and (d) 5000Hz pulse frequency ... 477
87: Schematic depicting alucone MLD FEACHON .........cc.euiurireireieieireieietseeiet ettt sttt nans 479
88: (a) HAADF-STEM of the alucone MLD coated particle; (b) EELS elemental mapping (Si highlighted in cyan, Al
highlighted in red) confirming the conformal alucone MLD coating on the Si composite electrode..................... 480
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89: Cycling performance of alucone coated Si anodes by using static and viscous flow modes............ccccovvvirininnns 480
90: Cycling performance as a function of coating thiCKNESS ..........c.cceeriiinr s 430
91: Greatly enhanced cycling stability in alucone MLD coating Si @anodes .........cccoverierrneeniissnie s 481
92: SEM images showing the cross-sections of the bare electrodes (a, b, ¢) and alucone coated electrodes (d, e, f)
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93: (A) TEM images and corresponding EDS elemental mappings of the SiO/Fe203 composite. (B) Cycling
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94: (A) SEM image of the micro-sized Si-C composite. (B) Cycling performance of the Si-C composite in 200 cycles
DEIWEEN 0.071-T.5V .. bbb 485
95: (A) Cycling performances of micro-sized Si-C composites with different building block sizes. (B) Rate performance
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97: Cycling performance of commercial Si NP anodes with a range of ion-containing polymer binders .................... 486

98: In situ TEM observation of the lithiation process of an MSS particle. a) -d) TEM images and selected area electron
diffraction patterns of the MSS particle at different lithiation states: a) before lithiation; b) 22 min of lithiation; ¢) 40

min of lithiation; d) 160 min of lithiation. Note that the scale bar in b) applies t0 b-d) ... 489
99: Long-term cycling of the MSS electrode with a) 46 wt% and b) 40 wt% Si10ading .........ccoeevevrivinininrinieineins 490
100: Cycling stability of the porous Si anode with a high areal discharge capacity of ~1.5 mAh/cm2......................... 490
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102: Cycling stability of pre-lithiated Si anodes. a) Modified SBG composite electrode with a high area specific
capacity of ~1.5 mAh/cm?2. b) Thin MSS electrode. ¢) Thick MSS anode with a high area specific capacity of ~1.5

002 o 0 TP 491
103: A proposed decomposition mechanism of FEC ..o 492
104: Cycling stability of the SBG electrode with CMC-SBR DINGET ..........ccouviiriiriirieririeeseeseessese s 492
105: (a) Schematic of in situ device. (b-e) Time series of amorphous Si sphere during lithiation............ccccovveenee 495
106: (a) SEM images of the Si nanoparticles. (b) Galvanostatic cycling of the Si nanoparticle electrode................... 496
107: (a) Schematic illustration of 3D porous SiNP/conductive hydrogel composite electrodes. (b) Lithiation/delithiation

capacity and CE of Si-PANi electrode cycled at current density of 6.0 A/g for 5000 cycles ........ccovveiviiernnes 496

108: (a) Photo of a crab shell. The inset is TEM image of final carbon nano-channel arrays from crab shell. (b)
Schematic illustration of the fabrication procedure for hollow carbon nanofiber arrays encapsulating silicon.

Lithiation/delithiation capacity and CE of Si encapsulated crab shell-templated carbon channel...................... 497
109: Silicon calthrate Crystal SIUCIUIE ...........c.cvcueiicicccce ettt b 499
110: Overlay of powder XRD patterns for the fuel-grade silicide and transformation product, compared with the
calculated reflections for the Zintl phase (Na4Sid)...........cerrieree e 499
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112: Lattice constant expansion and energy change associated with lithium insertion in Na- and Ba-stabilized
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113: Particle morphology of processed BasAlsSizs milled powder for prototype anode ...........ccoovvevvrininrininenee, 500

114: Long-term cyclic capacity and coulombic efficiency profiles measured for Ba8AI8Si38 anode (10 wt.% Super P +
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115: Solid-state 27Al NMR spectra acquired for unlithiated (BasAlsSiss) and lithiated (LixBasAlsSiss) clathrate anode
material. The results show near-baseline resolution of the three known and magnetically-distinct framework
substitution sites for a Type | structure: 6¢, 161, AN 24K .........cccooeurrrrerierree e 501
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116: Neutron diffraction patterns obtained for Ba8AI8Si38 before (blue) and after lithiation (red), providing evidence
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134: (Upper) dQ/dV for LNMO high voltage cathode vs. Li+/Li, (Lower) Coulombic efficiency vs. cycle number
showing ideal behavior after 20 CYCIES .........ccviiiieesce e s 524
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136: Half-cell tests at LTO anode: (Upper) Half-cell voltage profiles for charge and discharge vs state of charge for
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145: Methods of immobilizing electrolyte anions in lithium ion batteries. (a) Polyelectrolyte ionomers for use as
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- 176: Calculated formation energies of LixMnO3 structures with Li/vacancy defects spanning both the Li and the Mn
layer. The blue points signify structures that retain the overall Li2MnQ3 structure but the red points correspond to
structures with a large deformation and defect formations compared to the parent structure ............cccevvennes 554

177: The equilibrium shape of (a) the ordered spinel structure with a local inverse spinel surface structure and (b) the
disordered spinel structure. The (100), (110) and (111) facets are colored violet, grey and turquoise, respectively
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181: Mass spectrograph of the vapor in a coin cell 2 hours into a 10 hour charge (top) and 4 hours into the first charge
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lower, sum of the reference electrode ata...........ocveuiririnir s 562
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185: Voltage versus capacity plotted sequentially. Certain cycles are displayed to high light motion due to side
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189: Sodium trajectory as calculated by AIMD SIMUIBLION .......c.vvvriurierieirirerresceeeee s 566
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195. Li/0.5Li2MnO3+0.5LiMnosNios02 electrodes cycled between 4.6-2.0 V (cycles 1-20) and 5.0-2.0 V (cycles 30-50)
at 15 mA/g. The inset ShOWS rate data..........cccoireriiiciice e 573

196: Mn K-edge XANES (a) and EXAFS (b) of fresh and cycled 0.5Li2Mn0O3¢0.5LiMno sNio 502 electrodes. (a) Includes
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197: Transmission electron microscopy images of 0.5Li2MnO3+0.5LiCoO2 annealed at 850°C followed by (a) slow
€OO0lNG AN (D) QUENCIING ..ottt s 574

198: (Top) AFM image and (bottom) X-ray reflectivity data of LiMn204/TiN/MgO(001) films grown by RF-sputtering.
The LMO film is crystallographically aligned with the substrate, but is rougher than optimal .............ccccococeeuenee 574

199: In situ XRD pattern combined with simultaneously measured mass spectroscopy (MS) data that trace oxygen
gas release of fully charged disordered LNMO during heating up t0 370°C........coirrernecenesrecerceens 578
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202: In situ Mn K-edge XANES spectra of fully charged a) d-LNMO and b) o-LNMO during heating up to 370°C.
Insets show the detailed feature of pre-edge region. c) Variations of the Mn-K edge positions (defined as the
energy at half height of the energy step at Main €dge) .........ccvvirirrrr s 579
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