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Leave the hotel at 6 AM, and catch a
sunrise in Dulles Int’l Airport(IAD)

i E8 B R AT YWl E, &
2 TREFHHEE

8 PM, in the airplane above Boston, a
sunset in the sky.
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Review of the Cooperation in Power Batteries
Between China and US

BNZXNWNEEMINEDTSE, NEtRER—Z=Zm8—
M, BSXRELTE, ER—IAHE, BT HIIZER
BE, RATHEZERN TR, FHEZART—&HIR, B
TXREH, #IHTEFE. gL E—ImMNESEEX
B‘ZIJILﬁi_A & %8 B9 [5] /85

This meeting has been hold successfully for S times, from
Beijing to Chicago, and then Hangzhou, till Boston today, it
links us together and offer a platform to know well with each
other, to gradually form common views, to build up good
friendships and promote impressive cooperation.

First of all, Let us review our last meeting in Hangzhou
and some related collaborations.



5% China-US Electric Vehicles and Battery Technology Workshop

West Lake National Hotel, Hangzhou, China, Apr. 16-17,2012
ERAFHABFNERNESR, LARNMHNSNIERTBR!
The picturesque view by the West Lake in this spring made our
workshop even better.




5% China-US Electric Vehicles and Battery Technology Workshop, Hangzhou, China
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5% China-US Electric Vehicles and Battery Technology Workshop, Hangzhou, China
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5% China-US Electric Vehicles and Battery Technology Workshop, Hangzhou, China
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5% China-US Electric Vehicles and Battery Technology Workshop, Hangzhou Ch1na
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5% China-US Electric Vehicles and Battery Technology Workshop, Hangzhou, China
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5% China-US Electric Vehicles and Battery Technology Workshop, Hangzhou, China
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5% China-US Electric Vehicles and Battery Technology Workshop, Hangzhou, China
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SUCEANRA LRI
Visiting Yunnan Shilin PV Power Station




SUCEIMEXE (HaSAZ2WAREKA)

Visiting Yunnan Normal University (Former National South-west Joint University)




B

BIT research group visited BNL on Aug 1712012




PEBHBENLERSTE.
[ERIB R iR L1
S RERREMZN B
FEARM AR, thEFEERE
Bt REB T AFHEBXEE
BIWEER, MHEXLARIE
Mp e BB RN EE
TRhGET T SEIES
Guanhua Xu, Member of China
Academy of Science, Director
of Technology, Education, and
Culture Division in CPPCC,
former minister of MOST, is
concerning about the
technology development of
electric vehicles and power
batteries. He visited the battery
laboratory in BIT and gave a
positive praise on the
cooperation in power battery
between US and China.




“10 cities -1000 Vehicles "Large Scale Demo
Program

To promote a three-year
long “10 cities---
1000Vehicles”Large.Scale
Demonstration Program in
selected cities.

New energy vehicle are firstly
applied in public
transportation system.

Subsidy from government to
operation department is
available to offset the price
difference between new
energy vehicle and
traditional vehicle.

100k plus electric vehicles will be demoﬁétfated during 3 years.



Layout of power battery manufacturers for electric
vehicles

3 Big concentrated zones: :
Pearl river delta zone; [ Coslight
Yangtze river delta zone;

Beijing-Tianjin zone. ” S
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National new energy vehicle key project layout:
Three verticals and Three parallels

FCEV HEV

Policies, Standards and evaluation technology

Vehicle tech. of FCEV Vehicle tech. of HEV Vehicle tech. of EV

Vehicle calibration Vehicle calibration Vehicle calibration
and matching and matching and matching

Engine and

FC Engine Transmission

Multi-energy control system
|- ] 1

Motor drive system and control unit
DC/DC Convertor ‘.I ISA/ISG Techonolgy II‘

Battery and management system

Key parts
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High power Li-ion batteries and related cathode materials



SR EEHLITEAEREEM R
Li[L1y ,Mn; 54N1¢ ;3Co0y 13]O,
Synthesis of lithium rich cathode materials by a direct

co-precipitation method

pH meter

Stirring

Vi T
H,C,0, solution ﬂ
Presintering

i
Calcining
A
B < )
‘

the sample B

Pressing into pellets

Synthetic process

BRIZ

A direct co-precipitation method
with oxalic acid to synthesize

(BBEELTRESR)
Li[L1,,Mny 54,Ni1, 13C0y 153]0,
Solution G&3) : Ethanol

e Precipitator GILIEF)

Precipitate Mn?*, Ni**, Co*"
as well as Li1" in ethanol

solution at the same tig}re_“\ Mn?2*,
Ni2*, Co?'MILi*# B /& iR [E]
B 7 TS 3K)



A SRR

Structure and morphology analysis

(003)

» Hexagonal a-NaFeO,
structure (R-3m), super-
lattice corresponding to
L1,MnO;,

> P EERE A Ha-

sample B NaFeOz}EilﬁéiiF’Q%DZO-ZSFE I‘Eﬂ

- S iy B, 5ZACiiRiE

' ' ' ' BfFa !

» Both of the materials is
quite homogeneous with
quasi-sphere shapes, but
particles of the sample B
have smaller sizes.

> PR R R R 5 B 2 28Tk
B 5#®mi%5, BEFEmBRSA
E/HRIR

Intensity/a.u
3
3

sample A :Conventional Co-precipitation with (NH,),C,0, as the precipitator in the aqueous
sample B :Direct Co-precipitation with oxalic acid (EfEEH1ZILIIER)



HmE L F MR

Electrochemical properties of two samples

[3,]

1

300
7 ] o o5 Sample B shows high discharge
) o 250 capacity up to its theoretical value;
2.04.8V,20 mA g(C/10) ] C2
S 4+ 0. 1C It exhibits smaller irreversible capacity
3 e 2 loss and better rate performance than
g g 150- sample A.
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This simple method is possible for
%0 0 ore, ore, industrial production and our work
- 250' ' . a ] may give a new insight for designing
g | M 600+ L m Li-rich cathode materials for the next
%m- M E aAAA, A g\enerftion Li-if)t‘l batteries.
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Sol id—state battery configuration




LiFePO, /composite electrolyte/Li
[RAAEHIZNFLSIOEE B F RSB
FREABBRSHNETFESE0?Scm).
Composite electrolyte: mesoporous silica
matrices in-situ immobilizing lithium ion
conducting ILs, It can be pictured as two
interpenetrating continuous phase (silica
matrix and ILs) intermingled at molecular
scale, ionic conductivity of 103 S cm!.

LiAnode

L1 Cation
O

0.15nm

TFSI Anion

0.79nm
BMP Cation

20 nm

Mesoporous matrix

\ | . ‘o :_ ) " .,
(TEM) AVer%éi;)r?rf e SiO, walls L"*o.%lr'l



EAR B T & iR e F LA R
ERRAE SEBIER, ,Hﬁ%%ﬂ
EBHFEWFLES ML RE
QRIME SRS E.
The silica matrix has a high open
porosity confirmed by N, sorption
measurement. The specific surface
area and pore volume of the porous
matrix were 1078 m?/g and 1.68
cm?/g, respectively.

SEM image
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B AEARFNESRMERE

The Battery reveals a good high temperature performance

4.2- | .
]l cycles 9&10 Charge-—------= 160 55°C
4.0 e CORSe 9990200
3.8 Z
-8+ E 151.4 mA h/g
3.6 4 - -
g > 147 2009900090200 . 25'C
2 230238 i
-~ 3.44 'G ................
(%]} J ©
g 3.24 %
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2.8- S i W
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IZHRINE RIFAEIRMERE, RAAEMBRSENEARFHREM, B
fREMRIEA RIFNGIZE LR, BABRERATEESERM.

The cell exhibited a high reversible capacity and excellent cycling performance
at 55 oC, These was attributed to the excellent electrode-electrolyte
compatibility and its structural integrity at high temperature .These cells
exhibited a better rate performance than all-solid-state lithium batteries.



Project: Battery Implementation-Vehicle Battery Recycling in China and U.S.

=S {ER ST IRRE — BB Bh/S 3 R Bh 718 it Y SR 4L [E1 40

LT —fJiE (BIT—Argonne)

* Identify and characterize promising el e
recycling technologies in both countries Diesel, Gasoline) I
* Compare best practice to identify potential | | p—
improvements T . T
 Evaluate the performance and economical Production] [ Production R lc
need for batteries in applications of EV. HiO, Wet Willing h
* The GREET Vehicle-Cycle Model was used spent z —¢ } Cor stare
to examine life-cycle implications of BI'T- T v ReodmePrces U Fermentation
patented battery recycling technologies. l Souton -
¢ ﬁ%ﬁ*ﬁ Sglj‘j_ BE&E ﬁﬂ@@i&@qﬁ?ﬁ*, Casing, Al Cu Re?c‘o'vered Citric Acid
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GREETHERY, HASTHEEthAYEIWS 4 dy FEIHBIEAY .

L.Li, J.B.Dunn , X.X.Zhang, L.Gaines , F. Wu, M. Wang. Recovery
of metals from spent lithium-ion batteries with organic acids as leaching
reagents and LCA. Submitted to EES.
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Ascorbic-acid-assisted recovery of cobalt and lithium from spent LIBs

S MEE—MXRAFENRERENMERNBILAY, RS

BN RERM. RAMSMBRENBHFFTRS, MEREET )
B TEWAE, RARENERETREE.

Organic ascorbic acid is a naturally occurring organic compound that —
behaves as a vinylogous carboxylic acid as well as a mild reducing agent. china.makepolo.com
we have designed and tested an ultrasonic-assisted hydrometallurgical
technique using ascorbic acid as leaching reagent and reducing agent for X%M
recovery of cobalt and lithium from spent LIBs. Vitamin C
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Fig Possible products of the leaching reaction of waste LiCoQO, with ascorbic acid.



JUFMER RIFEth € RETFREBRENE FREHER

High leaching efficiency can be achieved using ascorbic acid as leaching reagent and
reducing agent for recovery of cobalt and lithium from spent LIBs.

AR IEE 92 AR R, $hFERR
EER 45 5594.8%F198.5%, SIEBZHFMHEHR:
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Fig. 8. Effect of temperature an
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lithium from waste LCoO: (=20 1
speed =300 rpm).

1.25M, [Ei#EEIEH]Fg25g/L,

Leaching efficiencies as high as 94.8% for Co and
98.5% for Li are achieved with a 1.25 mol/L
ascorbic acid solution, leaching temperature of
70 C, leaching time of 20 min, and solid-to-liquid
ratio of 25 g/L. This method is shown to offer an
efficient way to recycle valuable materials from

spent LIBs, and it can be scaled up for

commercial application.

FENFTHEIETIERRE 4 F T Journal of Power Sources.

Li Li, Jun Lu, Yang Ren, Feng Wu *, Khalil Amine
November 2012, Volume 218, 15. Pages 21-27

* Journal of Power Sources.



Synthesis and electrochemical characterization of
Li Ni,,sMn, -0, cathode material

EARA R, Ni ,sMn .0, S S 1 RERAE

(Lithium Content Optimization $2&=M1L)

Bk

TR
|

%E

ANL-EMC 10.0kV 4.0

5.0 1

g 8
Li ratii\)¥ ¥

4.5

—i— Li=1.60
—A— Li=1.65
—<4—Li=1.70
—— Li=1.75

4.0+

g

city )mAh/g)
3

354

§ « ACEBTLIEBEWIEERERAER, S54RI ENILTUESARS| &M ERM
B, BEEHRHAEERIEZMRIEARETH. ZEERAR TR EHEMFRBERE.
PR R A R D IR IS 2

* In BIT research group, new cathode materials are synthesized using the leaching
solutions from spent LIBs by a co-precipitation method from Argonne. The materials
testing are still in the process so far. It allows reduction of the amount of metal mining

\ for the cathode materials, with reducing costs and harmful electrochemical waste. )
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PPy-PEGEETR/AFEMNKEERHME & IERTH

PPy-PEG Clothing Sulfur/Aligned Carbon Nanotube
Cathode in Lithium Sulfur Battery

—— PPy/S-agline CNT
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FT-IR confirms successful synthesis of PPy, doping PEG
LTHMEIERAA T IERM R P E S T8/ PEGHIFHEPPY
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ZEE M RIME R FROEEM MBI EE. SC (BREEIAZ
8A/g) RIER{AFTIEET1E, HHMEBAERIAS42 mAhg',

The rate performance of the polymer coating cathode is good as we reported

Specific Capacity (mAh g
oo
3
Specific Capacity (mAh g”'-Mass)

before, After the PPy:PEG coating, the initial discharge capacity worked at
542 mAh g ! in 5C(8A/g).



SesEBNFT B BYLi-ion BB i

Photo-assistant Rechargeable Li-ion battery



S B FE B R Li-ion FE jth

Photo-assistant Rechargeable Li-ion battery

A M hv.

G EH #-

Li,Ti;O,, | LiCIO, (Imol L') + PC + LilI ( 0.05molL"!) |a|
LiCl10, (1mol L") + PC + Lil ( 0.05molL")| TiO,/ITO



IE#5 S F it S BE ER {0 S i) 2
The Cathode half cell
photoelectrochemical response

KBEHTTIOMRRREMR
4, B PR R,

13

<

~

E At the condition of irradiation

3 ”é;ﬁﬂgltdgltd"ﬁ‘“d : TiO, exhibits excellent photo-
4.Ti0, at iradition condiion electrochemical property and

5 Ptat dqu conditic—ln

%0 0z 04 06 o8 10 beyond the response of Pt and
Potential / V/ acetylene.




Abs

IEAR R FT R BUR—— 5= 51 AT D M) Rz
Charging effect of photo-positive electrode
——UV-vis response of charging products

¢
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320

360 400 440
wavelength / nm

480

HEXRFG TRETTREEIEM, EHRF
FELjth 78 FE = MR EE AR T

In positive half cell, the concentration of
charging product increases with the
increase of charging time at condition of
irradiation.



JCBNFE R Sz R AL T

Photo-assistant Charging Mechanism of Electrodes
and Full Cells
I H2 TiO; + 3hv — 3TiO; +3 h™ + 3e’
Cathode

3h "+31 = 3/2 1,

1 M2 LisaTisOq2 + 3Li" +3 ¢ — Li;TisOp
Anode

76 B )z W 3LiI + LisTisO 1>+ 3hv — 3/2 I, + Li7Tis01>
Whole cell

A LA & a R BB FEE TR Li-ionfEjth, BHEMRE
EETHRBEREI LN ERERIRE—.

The Li-ion battery using that mechanism would solve the
performance fading problems caused by self-discharge issues in Li-

ion battery.
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XThENBEBEEXRNBESRE
Perspective and Discussion for the Cooperation in
Power Batteries between China-US

SR EF/FARE—SEHRT.
5&7’7_ E(JB‘Z/JuJIﬁ ?‘i'l-fl'zl' —*ﬁf‘ /2*” )\
NHEHNEELEBFHHE—SME.

BRUOBE, BRINOS N EERLarryfeE P EE
— R EAN, GERAminel§TRIBIE—HERKEIEEX,
BEE R T ERIFa— RIS R !

Further discuss the organization ways of the workshop
Extend communication
Strengthen Cooperation

I hope from the botton of my heart, our workshop will get more
attractive like Mr. Larry Johnson’s spoken Chinese, more active like Dr.
Khalil Amine’s creativity and more brilliant like Prof. Xiaoqing Yang’s
poem.




Thank you for your attention !
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