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The Nobel Prize in chemistry 2019
They developed the world’s most powerful battery!!

20 193% LU AT ESA3E 85§ CUR
BE R LR IR S 2 12 O 2N SN0 aERl T iRk - A

= E S - MEEEE T ED R A0 R R -
| 97 G fUMIES S99

VERE - R ¢ T AR

MEOWRAL L DR AT 2 -

=R R BT - W2

RIMEWBEE - S8

| EFREE|- QR

THURIELE | DE0EEN

M IBRE TR - (A 5 I
L)

{CLPDRUIEIRER - SIS
AR MR ¢ b
STEIN0E «

-

WEFE: N S BRI
FRAE - R RAE@AA
EIERBN + 198514
BY RN W 1 U 5] iR 8
1L B 3 69 5
Bl 5 i =

“+
EAERIAD)

RPN AW E®

PRt

- SHFENE—EATE

- BERKRERMFEERNES ZBBEN R IIE -

BRA R FEAESAR - B AR -
W\A BRI FEARSMR - BRAMKRE -

= SENIMESMES | BB  FEEEE -
REBAR -

Positive Hegative
Electrode Charge Electiads

Discharge

Leggend: @Metal, @& Lithium, O Oxygen, HEER Graphite layes

HErRaYEt . B

EZ S

Y

HINSYUN




B R R ~ ARAE - AEERRUHIER T 2021/04/22
5 G _anBN R RN

L] L]
Industrial Battery Chargers
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Issue:
Overcharging may lead to Li stack on negative electrode. The formation of
Li dendrite resulis in serious safety problem.

* LLA L= ) lJN




B R R ~ ARAE - AEERRUHIER T 2021/04/22
5 G _anBN R RN

18650%2 &t -
it I & 45 2 (3 FA AV SR EE)

186508 A IERA BRI EED  WIE650) M

-
' —— %m D) mwowe S

\

EH R,




TR SRS ~ AR - FERE IS 2021/04/22
5 G _anBN R RN

TESLA Model §

w

Cylindrical Pouch
Tesin mode! 5 85 MKY KWh battery pack BAIW 5 K1 22-KWh Battery pack Nissan Leat Mk 22-kWh battery pack
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Waste managemer;-t—hirarchy'

Prevention
k- 7 Range of recycling technologies
\
Re-use /o o o ) ) : )
b y.- Advanced battery recycling: automated disassembly
. Comi ‘Mixing’ of Amount of Value of
Recycling of D’ggz materials materials materials
pro streams recovered recovered
Recovery fin T Present battery recycling: shredding, pyrometallurgy
Disposal
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Lithium ion
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THE reFLEX PRINCIPLE OF CHARGING NICKEL-CADMIUM AND OTHER BATTERIES

Fred Benjamin

Christie Electric Corp., Los Angeles, California

NOTE: This pageswaspresented at the IEEE Power Processing and Electronics Specialists Conference held at Atlantic City, N.J., on
May 22 conjunction with the 25th Power Sources Symposium sponsored by the United States Army Electronics
Command—dditional reprints available from Christie Electric Corp., P.O. Box 60020, Los Angeles, California 90060.

PPESC 72 RECORD — 111

generation Charger/Analyzer for ground maintenance o
batteries. Previous units employed constant potential and

rate constant current, respectively. Since that time, reFLEX
chargers have won widespread acceptance by airlines, business

ircraf_ owners, branches o ferrry—Ade_Force, Navy and
@: well as othe€ nickel-cedmium battery Users.

Ditferent Kind of Fast Charger The reFLEX charger was introduced in 1969 as part 0

The reFLEX charger is a
fast charger. But in the
past this has been pri-
marily associated with
units which bring a dead
battery at a gas statien up
to partial charge within
30 to 45 minutes (Fig. 5)
With car batterics this is
sufficient since the charge
will be completed lei-
surely by the car gen
erator or alternator while
driving afterwards. Poartial

charging otherwise results ‘l\j o

in a permanent degrada-
Fig. 5 Automotive Charger Ns
Fig. 10 roFLEX Charger/ Analyzer | YUN

o

tion of the battery

L] TEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS. VOL. 60, NO, I,I\V

Sinusoidal-Ripple-Current Charging Strategy and
Optimal Charging Frequency Study for
Li-lon Batteries

Liang-Rui Chen, Member, IEEE, Shing-Lih Wu, Student Member, IEEE, Deng-Tswen Shich. and Tsair-Rong Chen

PICO TC-O08

Abstract—In this papeg, soidal-ripple-current (SRC)
charging strategy for af is proposed. The ac- §.3303
impedance analysis is us pfore the optimal charg-

ing frequency. Experiments indicate that the optimal charging
performance can he achieved by the proposed SRC with the ol ‘ Jekionix DRO2
unmhnum-a\-hnpednu\- frequency fz i, Compared with the

© i urrent constant-voltage charging strategy,
the charging time, the charging efficiency, the maximum rising
temperature, and the qucmm- of the Li-ion battery are improved
and 16.1%, respectively.

Sapphir Instruments
LDP-6110

Tektronix DMM40S0  Tektronix CFG280
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Company
GBatteries is an advanced BatteryTech company that is revolutionizing the way Ratteries are
charged. -

Our customers are leading automotive and electronics manufacturers. Our investors include Airbus
Ventures, Initialized Capital, Plug and Play, SV.-Angel, Y Combinator, and other private investors.

=& GBatteries
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Based on the above,
we design the charging parameters
of reFLEX charging

HINSYUN

STAFEImALan U 2S
Generate the reFLEX charging waveform

In order to make the experiment more accurate, we imported a commercial instrument
Keysight N6705C DC Power Analyzer, and added computers, equipments and added an

automated program to precisely control the reFLEX charging.

/
Charge(3C): Voltagelimit: 3.8V Discharge(1C): Voltage limit: 2.6 V
We use LABVIEW to write

Current limit: 25mA(3C)
Fully automatic Charging
system, the user can set the

thermocouple
D?"': e voltage, current, charge and
S ==2250 /0 discharge time, rest time, etc

o 6 o o

I—JNWM

DC power analyzer

computer

LINSYUN
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PERGAMON Electrochimica Acta 47 {2002) 12171223

www.elsevier com locate electacta

Mechanism of self-discharge in graphite—lithium anode

Rachid Yazami*', Yvan F. Reynier

LEPMI INPG/CNRS 5631-BP75. 38402 Saint Martin D'Héves, France

Electron-ion-solvent complex

¢Electron ® u @ Solvent X PE;

Fig. 10. Schematic of the of the ck solvent complex formation.
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Still a hypothesis
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Characterization of the reFLEX effect
Raman
EIS
CC-CV
SEM
XRD
Raman 3D Raman mapping
Lithium ion reFLEX EIS
i chargin
batteries ging —
XRD
Raman
Pristine (New)
EIS
XRD : X-Ray Diffraction SEY
SEM : Scanning Electron Microscope
EIS : Electrochemistry Impedance XRD
Spectroscopy
HINSYUN
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Charging-discharging cycles
Take off the PCBA—__ .
g film e Use battery cells to do experiment
DC power analyzer Put the battery cell into the
thermocouple )
e sae—— chamber and connect the wires,
Iog ssas : — ""' =0 0|0 including the positive and
— Sliitier T negative electrodes, and the
| temperature test wire, set the
— _z computer up, and start the
l:’ = charging-discharging.
computer battery computer 3INSYUN
Battery disassembly
Remove the battery packagingfilm o ~ .
Vacuumthe glove box and set it to ] 3 ._ 'j » =
a safe environmental N -~ -
Put the soft pack battery in the g = 1 "l |
glove box g | v
Start to disassemble the battery ‘ e e e o
and separate its positive electrode, ’ 3 | “ . "
negative electrode and separator ! | :
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RHETRNTE
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Capacity (mAh)

1200
] o CC-cv =l
1150 O reFLEX

u T u T u T u T u T u
0 100 200 300 400 500 600
Charging cycle number
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—{IID AV I I
Rsei Rct w
reFLEX
New 100 200 300 400 500 600

Ro (MQ) 45.66 | 46.89 | 47.59 47.59 47.72 48.05 48.38
Rgpr (MQ) 3.63 3.51 3.48 3.55 3.62 3.64 3.71
Rer (MQ) 5.30 6.44 6.61 6.99 7.05 7.36 7.62

CcC-cv

New 100 200 300 400 500 600
Ro (MQ) 4511 | 46.71 46.61 46.99 | 47.46 | 47.50 50.50
Rgg; (MQ) 3.31 3.91 3.49 3.56 3.67 3.81 4.25
Rer (MQ) 477 6.81 6.35 6.53 7.44 7.51 7.93
B INSvun
SRR SEEN
=BEEN ISR El
reFLEX
CC-cv
B INSvun
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HIL B BBR

B Carbon
[ Oxygen

Other elements

204

New cell reFLEX cc-cv
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D HRGREBEEEASEBME, X - ALt
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12I5[J I 15IUU I 1TI50 I 27"50 3000
Raman Shift (cm™)
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Charging method

Raman#i £ YL
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Monitoring the suppression of SEI generation in lithium
batteries by using reFLEX charging method with in-situ
ATR-FTIR
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SEFERA/RA10~100nm « X+ ESRARKES TREZEEMENAN - SHERIRRERE
BEEWFEL - BRMATTNEBEBILRL - BBARBIUX -

5 _ESEINRRFE 735 7 SVEE - EZ LI RLUITEIR -

TR HEBCEMESEINEEMAYF)E © FTIR ~ Raman ~ XPS ~ XRD -~ SIMS ;
EABEIR A RESEIIEE MRV TTA « BAHUE - EDAX ~ NMR »

1.

SR ERRE S AL IR A SEIEARAYTTE ¢ XPS ~ SIMS ;
HEBRMBIRBHZEHR DT : FTIR ~ Raman ©

2.

HINSyuN

B BAMRISEl in-situ FTIRTRAZS

Counter Electrode Reference Electrode
Lithium Foil ~ Lithium Fail
AMIee). % f
— | —
S —er— =
Il [ w | Polyethylene Glue
Electrolytic Solution I | 3
1 M LiAsF+EC+DEC | Warking Electrode Ll
_and | = | | PVDF Bonded =
| M LiPF,+EC+DEC Lomza KS-44 =
—_————i J | Grraphite Powder %
\ [| L " §
| | EY l/;. §
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Component Functional group Approx. position (cm-t)
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[Formation before charging/discharging cycle b
/Plating (charging): -0.001A for 10 min s
Stripping (discharging): 0.001A for 10 min,
voltage limit: 1V CC: o
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In-situ ATR-FTIR
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The challenge of fast-charging

HINSYUN

30



B R R ~ ARAE - AEERRUHIER T 2021/04/22
5 G _anBN R RN

1000 -
:"T 100
8 10
L
[ 14
e
.E 0.1
2 ]
£ 0.01
F 0001
1E-4 ; T T L 1
50 100 200 400 800
. Temperature (°C)
Materials are demage! &

What are the haz
aspects: Aging ai

s: I Stage I aRINSYUN

Li-ion intercalation

Maybe form dendrite!!!
VAVAVS \ Li located between graphene layers

electrolyte

Li'

o
BEE

Li located at the Li located at the
surface of edges of
graphite particles graphene layers

WZZZZA carbon layer @ Li

anode separator cathode
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Spectrometer
Controller

Fast-charging strategy

According to the specifications
of the battery, we set the fast-
charging strategy based on
reFLEX charging method.

3C charging
I — 1C discharging
CC-reFLEX CC-CV (votage 4.1V)
The fast-charging strategy ~ Control experiment SEpaERt
in this Study Positive Electrode
Negatreslectode

Wodel: hte-BGPLI100
Woltege: 3.5 VDO
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Results and Discussion
e Capacity

1 4 Capacity after 100 cycles charging and
? - . discharging
s i, T
T T T
100 mr:w:hﬁbf&#ﬁﬁ?ﬁ““' B 4
‘f& 80 - E
g
c
8 ef 4
CC-CV method and Reflex g
fast-charging method £ -
batteries’ capacity compared. E
(®]
20+ —o— refiex
conventional CC-CV
0 A A A s L
0 20 40 B0 80 100
Charging-discharging cycles ’RINSYUN
100000 + \ New I_TA,;:P(E"I RAfumury
A PsdVoigt Fitting D
B0OJ0 <
z
g 60000 [ 1
|
é 40000 - / \
20000+
i X
o e 2 w VAINZ sz :
0 _ 21 S - et ol C ot P
‘ : ' y=w+A ’"“m(w_w‘)hua*[l M) Tk - ]
25 27 28
20 (Degree)
Reflex 200000 5
PsdVoigt Fitti  ——CCCV
250000 4 oL TER |'|I. - PsdVoigt Fitting
200000 - n 150000 4 |
\ i) [ l
0 £ [
S 150000 J \ 3 4l
Q b
k) 100000 -
=
z 1 7
2 100000 - o
£ a £ |
v | 50000 |
50000 |‘ \
/ \\ / \
0 E————— 0 e es
% 28 2‘6 27 2‘8
20 (Degree} 20 (Degree) ’R |NSYUN

33



B R R ~ ARAE - AEERRUHIER T
5 G _anBN R RN

2021/04/22

Results and Discussion
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— e
£ 1 it
< 200000 A
[} ] /
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. 180000 ~ ra :
& | are able to improve the
& 160000 ~ / quality of the graphitic
1= 1 yé nagative electrode by
140000 4 / comparing the intensity
] / of the (002).
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1 7
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NEW ccev reFLEX
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Raman intensity (a.u.}

Results and Discussion

104 (b} 104 {C}
T o8 T 8-
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T E 064
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E £
é a
@ §
02 L
\\-— . JA\J =
004 - Aln
4000 1000 2000 3000 4000 1000 2000 3000 4007
Raman Shift fem™) Raman Shit (cm) Raman Shit (cm'}

Raman spectra of negative electrodes from (a) a battery charged through CC—reFLEX charging,
(b) and unused battery, and (c) a battery charged through the CC—CV method. In each picture,
the upper curve is the average spectrum from 10 x 10 points; the lower curve is the spectrum
after fitting.
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Results and Discussion

Raman fting

We can got the intensity of 0457

Io/lc the result is need smaller
is better. So we can see the
Reflex method is better than
CC-CVW.

o
B

o
1

And CC-CV method does
ause carbon defects. l2oi/lc &
l2p2/lc which results are big as
better. Therefore, we can see
that reFLEX fast-charging
method is as good as Pristine
and CC-CV.

Raman Intensity Ratio
o
&
1

0.10

_ =

———
1/l

L
Ll

T T
Cc-cv CC-reFLEX

Specimens

T
Pristine

Raman fitting results

B INSvun

Shape induced curvature effect

Samsung note7 mobile phones?

Battery cell Shape induced curvature
effect is very important!

BUT, WHY???
%
Li fayer
N Te T
gty = D200

Remember the serial explosion of Samsung Note 7 battery structure and its fail reasons

L INSyuN
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Curvature effect

(a) 1o 3p Graph (c) 1o 3p Graph
o 110 s 110
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solvent co-intercalation
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Separator

i
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Cathode

electrolyte molecule

dendrite
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Anplication

U
res(solar ~ wind) ® Unique charging method

® Maintain system efficiency ® Prolong cycle-life
® Revive capacity

.,RHZSYUN

Thanks for your attention.
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