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Why Li-ion cells for Transportation (HEVs, PHEVs, EVs)?
Higher cell voltage & higher energy/power densities
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Batteries technology candidates for PHEV
and EV applications

Couple NCA/ NMC/ Mn spinel/ Fe Phosphate/
carbon Carbon Carbon carbon
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Advantages of LiIFePO, for Application in PHEVs

Olivine structure
(orthorhombic)

Advantage of phosphates:
v Low cost
v Over-charge & under-charge resilient (1
Li)
v' Excellent structural stability (strong
bond P-O)
v'Good cycle life
v Thermally and chemically stable
v'Safe

® LiFePO, has a flat 3.5V plateau and a
capacity of almost 178mAh/g

® Charge cutoff voltage using the olivine
system could be as low as 3.7 V. (good
electrolyte stability specially at (37°C))

® Using nano powder concept and carbon
coating, LiFePO, shows excellent power
for HEV
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New micron size nano-porous C-LiFePO, with double
the volumetric Energy density of the nano-LiFePO,
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Tap density : 1.87g/cm3

Ig 300 'a i [ T T T T r T v r v .
g0 T e 70} b ]
>.200} I S £ 60f . ]
8150} 5 50¢ i
% - = 40_' ./.7./|
ol00f wa, 2 gof =& 8 °F
‘3 50.- —&— 200 nm o 20_‘ —=&— 200 nm
E L ® 6pum ] 10F = 6pm
g 0 o b v
> o z_ 4 &6 8 0O 20 40 60 80 100
: ] DOD / %
New material has the same New material meets the pulse
power as the nano-material power needed for HEV and PHEVs

Vehicle Technologies

Program



C-LiFePO, with Fe,O; Impurities shows poor
performance at 55°C
C-LiFePO, vs. MCMB

After 5cycles at 25°C After 100 cycles at 55°C
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Same issue with NMC/MCMB
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Use of Additives such as LDFOB can resolve this

problem
e38s W\(
R 0 [ . 2 < -
ACR Li \O_Q F FFF
B B\ O {
Al Ay L
0 ELL L DFOB- tetramer structure

Gen2E
—— Gen2E + 2 wt% LiBOB
——— Gen2E + 2 wt% LIiDFOB

= Density functional calculations
show that fluorine termination
prevents 3-D polymeric structure
growth. This explains the low
observed impedance for LiDFOB
compared LIBOB
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Performance of Li; ;(Ni;;3C0,,5Mny;3), 0,/ Graphite Cell
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NMC/MCMB cells based on a new LIBDF additive (at 3 wt%) show low initial ASls, good
capacity retention and limited impedance rise during calendar life test at 55°C.
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Issues of Mn-spinel/carbon system during cycling and aging
at 55°C using LIPF,/EC:DEC
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Small amount of manganese
dissolution (5ppm) was reduced
at the carbon and played a
catalytic role that leads to the
distraction of SEI and continues
formation of a film at the carbon
surface that causes the
interfacial impedance increase at
the carbon

1 —

anode impedance
increased significantly
Pos. Neg after 25 cycles at 55°C
j | j Full
— T I /
— T ) | j
0 5 10 15 20
ZI
9.5 10% :g: m: gz,4min sputteringl
~ 2 10% |- -
8
5 3.510°% |- -
E
ﬂ 8 10* |- -
7.5 107 N . P T

A L | | | | L A
670 660 650 640 630 62C

Binding Energy/eV

680

Mn-metal was observed at the carbon surface by XPS



Use of LTO can lead to long cycle life and unmatched safety
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safety Test of Cells based on carbon and LTO
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LiNiy:Mn, :O,/Li,Ti:O,, Battery System
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Power & cycle performances of LNMO/LTO cell
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- At room temperature, LNMO/LTO battery shows outstanding
Power & cycle performance.
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High Energy composite electrode
[XLI,MNOgeyLIMn, :Ni, :O,]

»

1
1
152 mAh/g " 352

Electrolyt b

. 1 ectrolyte

i -L|20 I oxidation > 1St Cycle

: irreversible

a1

D

Voltage vs. Li (V)
w

=)
- <" 400 H
B = charge / CapaCIty IOSS
F é 350 o discharge
2 [ 2300 . 287
= Lo/
L § mgl=?— % ° 9 8 g 5 a0 a First cycle, RT
I © 254 50to 2.0V
11 ©O
i 200’1‘2’3‘4‘5‘6’7’8’9’10‘11 C/24 rate
L i=0.16 mA
C Cycle No.
0 T I O ly\ IR T T Y A A

0 50 100 150 200 250 300 350 400
Capacity (mAh/qg)
Theoretical capacity of LiMn, :Ni, :O, Component: 184 mAh/g

Theoretical capacity of Li,MnO5; Component: 158 mAh/g
Theoretical charge capacity (total): 342 mAh/g

Coulombic efficiency: 82% (1st cycle); >99% (10 cycle)
Capacity (10 cycle): 254 mAh/g
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ANL composite electrode with highly dense nano-
primary particles with improved rate capability

ESecondary particles: 10 um
EPrimary particles: 50~100nm

S XRD
S Primary
N particle
Excess Liin oy L .
transition metal layer '

—

\ e I
50 60 70 80 Tap density:

29 2.1g/cc
® Layered a-NaFeO, structure
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Effect of AlF;-Coating on Rate and Cycle Life of
high energy composite cathode at 55°C

55°C
§’350_ 300;
£3007 7% 02c guc R
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2 wt.% AlF;-coated Li; 395Nij 1575C0 125MNg 65750, 4475 Showed
improved cycling performance at 55°C performance.
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Gradient Concentration cathode material

a

s
Y

Bu

Bulk

Li[Nia.sCog.4Mng4]0s
(High Capacity)

e

Interfa

2
pm Hydroxide —» Oxide

3000 —— 2500

Cong'n Gradient L | -'
Outer Layer [ | : |
Li[Nig ..Cog 4, Mng +,,]O. o
e = 2500 f T ' w2000
0.0<y <0.13 S L/ — Ni | | |
0.0<z<0.21 | | | |
O 2000 | — Co . | |
O . —— Mn 1500
~ woof RN i
g, Jtece 2 . Bulk | : : 1000
ILNIg, 05 Na. ! I 1 |
(High ﬁlm‘mz.'?l St:\l?r.lit‘_\'} % 1000 : Int f : L : Interface : 4
' Interface ! ! !
E 500 NG e 1 w °00
|, {Outer layer 1e»] [c—iQuter layeri«—

0 0
6 -3 0 3 6 6 -3 0 3 6
Distance / pm
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Comparison of performance of GCM (LiNi, ,,Co, ,sMn, ,50,) LiNi, ;Co, ,Mn, ,O0, (Core
composition) and LiNi, ,,Co, ,3Mn, 3,0, (outer surface composition)

-1

Half cell ( T=55°C

Full cell with MCMB anode

[@)) 220 T v T GCM
= e b |
E / ol ) C .
200 | " 25°C
z ' <
S 180 b _— Shell c 200F Mg @@ -
=3 -
(&)
o 160 2 180} -
% | —o— Li[Ni,,Co ,Mn_ ]O, . S
P —O—Li[Ni,Co_ , Mn_ 10 = Core o [ LiNi
S 140 A _|i[Ni, . Co, Mn..]O, T S 160l LNl C00,Mo, 1O, -
5 1 N 1 . . L 1 N 1 _O_LI[NIO.64C00.18MnO.18]OZ
0O 10 20 30 40 50
Cycling number | 43V cutoff ] 0 100 200 300 400 500
‘> | — LilNij,Co,,Mn,,]0, ; Cycllng number
; 15 » - Li[Ni0A64COO.18Mn0A18]OZ i
~ - Li[NiO.AGCOO.ZSMno.Sl] OZ
3 01 DSC of charged GCM,
5 ol Core and shell materials
T |
0 3

100 150 200 250 300 _ 350
Temperature / °C

A Vehicle Technologies : 19
Ai’gon ne Program
NATIONAL LABORATORY




Heats profile from primary and secondary SEI
decomposition in graphite
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Gas from the formation of the secondary SEI Layer
on carbon

Several gases from secondary SEI formation were

1.50
observed after exposing charged carbon/Li cell at | convicrapmercemcq e
100°C for several hours. These gases are similarto | st eyole dischargelcharge (L5.0.001)
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Heat generated from the decomposition of the secondary
SEI can initiate the thermal runaway of the cell

3 L 1 L 1 L 1 L 1 L 1 "
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- The thermal heat generated by the
continuous breakdown and formation of the SEl
( 80°C~200°C) could trigger the early thermal
run away observed in the cell

MCMB : AH : 1552 J/g
Preheated MCMB: AH : 1045J/g

i Heat f dary SEI: AH=507 J/
- This heat could be large enough to lead to the eatfrom secondary 9

thermal runaway of the cell regardless of the
nature of the cathode specially in large cells
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Comparison of SEI Decomposition Heats from

Normalized Heat Flow (exo up), W/g

Hitachi Graphites

DSC Scans at 10°C/minute
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Large particle size and low surface area reduces SEI
decomposition heat generation between 80 to 200°C
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Use of electrolyte additives could be very
effective in reducing the heat caused by the
secondary SEl breakdown
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Temerature, C

The use of electrolyte additive to stabilize the SEI can reduce the
Initial heat generated from the carbon below 180°C
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