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How to use Bio-Logic products to test
batteries ?
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Configuration

REF1 : Red — for the control and the measurement of the working electrode
potential.

REF2 : White — for the control and the measurement of the reference
electrode potential.

REF3 : Blue — for the control and the measurement of the counter electrode
potential.

CA2 (Control amplifier): Red — for the control and the measurement of the
working electrode current (standard mode).

CA1l: Blue — for the control and the measurement of the counter electrode
current (standard mode).

GND (Ground): Black WE;E’:F%

E ‘|‘ -
RE/refz "% |
refd

CEACAT
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CA2 + REF1

Two points connection

+ WE = CA2 + REF1 TO BE AVOIDED
- CE = CA1 + REF2 + REF3

CA1l + REF2 + REF3

Four points connection CA2 REF1
+ WE = CA2 (for current)
REF1 (for potential) OK
-CE = CA1 (for current)
REF2 + REF3 (for potential) CAl
Three points connection CA2
+ WE = CA2 (for current)
REF1 (for potential) OK REF2
-CE= CA1 (for current)
REF3 (for potential) CAl

REF3

REF = REF2
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o Cell Characteristics

Additional
recording

ecord
Ecelf

Cell Dezcrption

Electrode material

Cel I Imitial state Ewe-Ecelf
P/w e
description AbemE ] nalog N 1Y conditions
Baprivenss [ nclog IN 2V

Battemny <<

Pa ram ete rs tazs of active material /0,001 mg atw= W Cel |

b olecular weight of aftive maternial [at = =0]: W gém
fo rt h e Elomic weight of intefzalated jon ; 0001 gfmo connect | on
inte rcalation Acquizition started at (o = W mode

Murnber of e- transfered phgntencalated ions ; o CE/CAT

coefficient for Ax=1, AQ= 26,502

Electrode surface area 0,001
Characterizf] 0,001

M3z

Reference electrode

Reference
electrode

[unzpecified]

Offzet potential ve. Mophal Hydrogen Electrade: 0,000
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Batteries Testing Applications

Insert Techniques

rs—(.
a0 W alkarnmetry - ACY s -~
e Impedance Spectrozcopy ]
[ Pulzed Techniques
ﬁﬂ Technigue Builder
[~ Ohmic Drop Determination
=-{— Electrochemical Applications
[= Iﬁg Batteries Testing
Patentiodynamic Cycling with Galvanostatic Acceleration - PCGA
G alvanoztatic Cocling with Potential Limitation - GCPL
[z alvanostatic Cycling with Patential Limitation 2 - GCPLZ
(3 alvanoztatic Cycling with Potential Limitation 3 - GCPL3
(3 alvanostatic Cycling with Potential Limitation 4 - GCPL4
G akvanostatic Cycling with Potential Limitation 5 - GCPLS
(3 alvanoztatic Cycling with Patential Limitation & - GCPLE
G akvanostatic Cycling with Potential Limitation 7 - GCPLY
Congtant Load Digcharge - CLD
Constant Power - CPw
Alternate Pulze Galvano Cycling - APGC
=g Potentio Profile Importation - PP
=g# [Gakvano Profile Importation - GP
=g Resziztance Profile lmportation - RP
=g# Power Profile Importation - PP
[z Photovolkaic/Fuel Cellz
lz=¢ Carrosion b v

Inzert Techhique Load fram default Cuztomn Spplications

") Before Advanced setting [ External devices
(%) After Cell characteristics I oK I ’ Lancel ]
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The most basic technique to characterize batteries is CP (ChronoPotentiometry).

It consists in applying a positive or negative constant current and recording the
evolution of the cell voltage with time.

Advanced Tum to OCY between techniques
Settings
&
Cell
Characternistics
o " \Y
g:::atrtl;:g':'s Spply 1 = 50,000 A w | vE | <Money |w
. - for kg = [0 h o mn[inooon s ‘
Limits Ewe > E = pass Y

[AG] > AQ =
Becord  |Ewe -

every dEg = 1.0 m
o dtg = |p1000 =

Nominal potential
— _%—

e - D Slm Discharge
Sasoksion = 3 b
I Range = | 100 pa, v
Banduwidth = | 5. medium v td touQ ([t)
|
Gobacklo sequence Mg = [0 /S95Tawk devdine/ O’

farmg = |0 timefz] 7 s cogaenad
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Eosl PCGA

Potentiodynamic Cycling with Galvanostatic Acceleration

Turm to OO bebween techniques ] E

* 0

@ ScanEye with dEg = [Foon
perdtg = [12 hlo mn 00000 =
from Ej = [0000 ¥ ve Eac w
to Ef = [4200 ¥ vs |Ref b

Curtail step duration f Il < 1§ = 10,000 Td, W

-
>

Limit 1401 > AQW = 054375 |meh . t
<=> AXM = 0550 lirnit 12 Q] todllyy
Becord everp dB = 0500 |mah w "l‘-{'f
o dtg = [1200000 ¢
E Range = [0v,5v im * Cycling under stepwise potentiodynamic mode.
Sty = F7 !
| Range = |14 " . . . o
Barchidh - | 5-padim v * Potential sweep defined by setting the potential step
amplitude and duration.
(2 Rest for tg = [& hjg mn [0od0o s
Limit |dE e/t < dEgAdt = 07 mieh . . . .
D * Possible limit of the step duration on the charge or
T discharge currents value.
(e = o il r Ay qo i @,f
@  IestBuews EL= s Vs [id v * Can be used for PITT (Potentiostatic Intermittent
goto@

N . 1 :
Titration Technique) experiments.

@ Gobacktoseq Ng = [0 TG ke frwias
for mg = |0 timels) AT e vagd

1. C. John Wen et al. J. Electrochem. Soc. 126, 12, (1979) pp 2258-2266
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LiMNn204-G_10Ah_PCGA_6-1q_01.mpr

e Successive potential steps with a — Ewevs.me— <-vs.ime #
conditional limit on the minimum s o7
current [ 050
. 3,965+
e Current measured as a function of [ 600
time, which allows determination of 3.96.
the incremental capacity dx/dV more 550
precisely than CP. 3,955-
: : > 500 2
* No relaxation period. 2 3051 Y
L >
* The magnitude of the current transient __ | [ 450
can be used to provide a measure of
the chemical diffusion flux of the 304] [ 400
mobile species as a function of time t?.
3,935 [ 350
 The main drawback is that the ohmic
drop across the cell is not eliminated. 393 | - 300
30 000 35000 40 000

time/s

1. W. Weppner and R. A. Huggins, J. Electrochem. Soc. 126, 12, (1977) pp 2258-2266
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Galvanostatic Cycling with Potential Limitation

Turn to OCY between techniques ]

* ] 2

(1) Setlto lg = {30,000  |mé +|vs |<MNones

SSSEES0 0§00 R e Battery cycling under galvanostatic mode i.e.
Lirit Eyye > Ep = [4500 ¥ . .
Fiecord ever dEq = G with an imposed current

or dty = 500000 =

Hold By for thg = [——h [~ o 5050 ¢  Possible voltage limitations under current

Linit 1< Im = 0000 [mA v for both charge (positive current) and discharge
Becord every dl = 1000 |mih

o dtq = 200000 s (negative current)

Linit [40] > AQ o0 |mdh v .
A: % - * GCPL can be used to perform GITT (Galvanostatic

ERange= | 0v;5Y v Intermittent Titration Technique)? experiments.
Sawabsion = TRl
|Range = |14 LY

i pE—— e Similarly to PITT, GCPL can be used to have the
chemical diffusion coefficient of the mobile
@ R et R 00 species in the electrode.
Limit |dE e/l < dERAdE = [1 mv/h
Becod every dER = |50 oV

ar dtg = [120,0000 s
SEe = e S8 > Ay et @f

@ IFEwe < EL= [4200 W goto@

1. C. John Wen et al. J. Electrochem. Soc. 126, 12, (1979) pp 2258-2266
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Charge sequence

Tumn to OCY between techniques ]

@

- 0 2
18650_linked_1_GCPL_1corr.mpr ® Setlte s = 130000 [{m, offjv= | <Hone> | (8
Current control —=Frme——rmer=m forstmost ty = i k[0 mn 35050 s
-> Lt Eye > Ep = [e500
4004 —\ _‘4.1 Becord every dEq =[50 mv
- Potential control once : or dty = [ei0m0 s
EM is reached \74'08 Held Epy for ty = 1 hjo mn 00000 s

s, \ Limit 1< Iy = [0,000 mé,
C 4,06 Becord every d@ = [1,000  |[mah w
250 ordtg = [1200000
- L4004 -~
z - [ s Limit [A3] AQM = 0000 mih oW
£ J - ® o
x L - <=r AR . = 0,000
o 4,02 < M
150 ! ERange= 0v:5Y »|[.]
3 4 Fenobsiive = FiFal!
100- i |Range = |14 w
i Bandwidth = | 5. medium  »
- 3,98
50 o
:—396 (2) Bestfortg = [0 h[15 mn [oo00D s
04 . . P Limit [HE e /dtl < dERAdE = 07 miéh
0 2000 A 000 Record every dER =[50 m

timels OCV period once // ’ or dtg = [120.0000 s

the current limit | * #ig < 0o 0> oty w080 D

is reached 5 @ e cm-Em voer®

If Ewe is below E, after OCV, the
charge starts again.
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Soercs Instruments GCPL

In case of a sluggish process, the charge/discharge is performed until E, is reached.

18650_GITTL.mpr H 18650_GITT1_IQx.mpp
e e Processing i

4,25-_ [ ]
- - 150 4,21
4.2 [ 4,11
- - 100 ]
4,151 4
] - 50 :
> i A > 3,97
= ] I \Y = ]
@ 414 - = © ]
) ] | 3 ]
L% =~ 0 > L% 3,8-_
4,05 i 3,7_:
| i -50 1
1 3,6
4-_ [ 1
- - -100 35

3,951 | —_. : L | |

40 000 60 000 0.4 06 08
time/s X

It is now possible after processing to see the evolution of E vs x, which is
the number of moles of inserted mobile species (Li* OH"...).
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GCPL2 : GCPL with a limitation on the voltage of the working electrode and
of the counter electrode.

GCPL3 : GCPL2 with the possibility to hold potential after charge or
discharge.

GCPL4 : GCPL with the possibility to set the global time of the
charge/discharge period.

GCPL5: GCPL with the possibility to calculate the dynamic resistance at
different time .

GCPL6 : GCPL with a voltage control and limit on WE-CE.
GCPL7 : GCPL but the holding period is performed with a current control.

SGCPL : GCPL with a limitation on the external input/output

See Application Note #1, 2, 3
http://bio-logic.info/potentiostat/notesan.html
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CLD: Constant Load Discharge

 Discharge of a battery at a
constant resistance.

* Potentiostat seen as a constant
resistor by the battery.

R=E,./|

it E, e

See Application Note #6, 33, 34
http://bio-logic.info/potentiostat/notesan.html

CLD/CPW

CPW: Constant Power

e The current is controlled to hold
E*| constant.

e Used for determination of
Ragone plot (power vs. energy).

P =gt
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\/\E?i@k?gif ile | i
e Urban profile importation

Fotentia
GP| Galvano: | control
PP| Potentio: E control “
RP| Resistance: R control B } m_
PWPI| Power: P control
¥ Tiz

 Up to 3000 sequences in the same technique

* Possibility to repeat one or several sequences

* Profile created step by step or imported from an ASCII file
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e marumens Urban profile importation

GPI: European standard profile NEDCL on a 40 A.h LFP cell

Ewe/V °

e Green: discharge at a
EwelV LFP-C298_9-10a-c_PH_Dch40(t) constant rate C/1

3.6

* Red: Temperature
~ change during the
Trofiw | * constant discharge

13 o Blue: discharge profile

3.4 §

32 i

with 4 urban cycles
and 1 extra urban
cycle

Yolts
J.71

2.8

w i * Repeated 6 times

* Red: Temperature
_ _ change during the
23 U S MU S PSPt Y urban cycles
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Impedance Spectroscopy

* |t can be performed either with an applied current (GEIS)
or potential (PEIS) mode.

* It can be performed automatically at different states of
charge by linking PEIS to GCPL.

e [tis used to study the electrode-electrolyte interfaces.

* It can be used to evaluate the dependence of the
impedance with the state of charge (SOC).

It can be used to study aging of the battery (state of
health = SOH).

See Application Note #5, 8, 9, 14, 15, 16, 17, 18, 19, 23
http://bio-logic.info/potentiostat/notesan.html
See Impedance tutorial
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Impedance Spectroscopy

Potentio EIS / Galvano EIS techniques

(@) Single Sine
Mode | ©
o€ [-:-MultiSine

SelEpeto E= [Jo000 ¥ v
fortg=[0  hjg mn [0ood s . . . .
1 oead ey @ 30— [m) * EIS can performed with an increasing DC bias

o dt= 0000 s
voltage and current.

Sean fiom fj= [200,500

-to l[:lw
s N * A patented drift correction can be applied to

J ki the battery if the steady state is not reached.
inus amplitude W = [10,0 my [ms ~ 7,07 mi)
wait for py= |0,10  perind before each frequency

CierE (= R Ty )  There is a possibility to set sequences with

drift camection ||

Reoss n= [ el different sinus amplitudes.

ERange= 0V;5Y - E]
Fasabagiv = Tl

N e R * A multisine mode can be used to reduce the
e T e measurement duration.

formp = 0 time(s] Ay s saguenicsd

increment cycle number [

See Application Note #5, 8, 9, 14, 15, 16, 17, 18, 19, 23
http://bio-logic.info/potentiostat/notesan.html
See Impedance tutorial
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Impedance Spectroscopy

CiEC-Lab'Data'YC_Manip_2006'B&K'LiPeP04-a_PEIS-GCPL5_6-9¢_02_GCPL5.mpr
——BEwe vs. - (Q-30) ——|vs - (2-00) #

o ) - Materials: Lithium Iron Phosphate

Ny oz LiFePO, / Graphite

k% - Nominal potential = 3,1V
km@wkmk%g%k% fos - Structure: 3D

32r

Eg_a 15 EIS after every discharge increment
i agl 1-1.2 -Im(Z) vs. Re(Z)
—— LiPePO4-a_PEIS-GCPLS_6-9c_03_PEIS.mpr —— LiPePid-a_PEIS-GCPLS_6-9c_01_PEI=.mpr #
1.4
24r - 045 . fullay.‘lcg\?rged
22t 11s IRERS
5 . 01z
0 1000 2000 3000 0l
- (@-Go)'méa.h
E nosh }
=] around
. @ 006 1kHz
After each discharge step, an EIS E oa} |
measurement can be performed at OCV. ooz ol
The corresponding EIS spectrum is changing,  + 5
highlighting changing electrode/electrolyte o0i]

interfaces. o : o 22 e

Re(Z)/0hm
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C394_9-9d_GHS-5A.mpr
=8= -Im(Z) vs. Re(Z)

Impedance Spectroscopy

C440_9-9d_PEIS_01.mpr
== -Im(Z) vs. Re(Z)

0,001
0,0004
0,00084
0,0003
\ 0,0006
0,0002 N 0,0004
485 Hz, i
0,00024
£ 0,00014 S84 €
= = 0
Q Q
N N
~ 0] ~_ J
E E 0,0002
0.0001 Tz -0,0004
-0,0006
-0,0002
-0,0008
-0,0003 -0,001
-0,0012
T T
T T T T
0,001 0.002 0,001 0,002 0,003 0,004

Re(Z)/Ohm

‘ Charged state

Re(Z)/Ohm

‘ Discharged state

The two impedance graphs can be fitted with an equivalent circuit
using ZFit (see Impedance tutorial)
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All the battery techniques are also available

in stack mode.

One master Z channel
and up to 15 standard
slave channels (= 30
cells) with VMP3.

EIS or DC
measurements on
each element of the
stack

Possibility of linked
experiments

Stacks

mazter CH3 CAZ, Refl

Set mode for the channels ;
[ {2 3 4
W5 @6 @7 [Cs
@]9 [O]10 R []12
113 [O]14 15 []16

[ Select &l

Stack master 4 |3 3

MNumber of mesured elermentsin - 4 10 [ 3
the stack

(o] (o

Group / Synchronize / Stack ﬁ

—————————

'J'_| slave CHE Ref]
5
1 E1
=
T tlave CHE Ref2 glave CHE
(5
2
E2
IG}, slave CHE Ref3
@ #ave CHE Ref1
3
E3
&
[ ——(————— slave CHE Ref? slave CHE
]
4 E4
i
| dlave CHE Ref3

maszter CH3 CAT, Ref3, Ref?
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1@5 Graph

0,008+

Sl 2100 hm

-0,0024

0,06

-lmiZstack)/ 0 hm

0,024

0,004+

0,002+

[=] &)

peis 5 with R.mpr

-Im(Z1} vs. Re(Z1) —— -m{Z2) vs. Re(Z2) —+— -Im(Z3) v=. Re(Z3)
-Im{Z4) v=. Re(Z4) —— -ImiZ5) vs. Re(Z5) —— -Im(£5) vs. Reid5
-Im{Z7) va. Re(ZT) —— -Im(Z3) vs. Re(Z8) —+— -Im{Z9) vs. Re(Z9)
-Im(Z10) vs. Re(Z10) #

0,04+

0,024

Re(Z10)/0hm

peis 5 with R.mpr
—— -Im{Z=tack) vs. Re(Zstack)

T T T T
0,55 0.6 0,65 07

Re(Zstack)/Ohm

Stacks

e Stack of 10 elements.

* The impedance of the
stack is the sum of the
impedance of each
element.

* It allows to make a quick
comparison of the
different charging state of
he batteries.
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Process Data

-
Process Data &J

Input Files

Two processing modes: standard and
compact depending on the technique used.

Technique : Galvanostatic Cycling with Potential Limitation H
F'rcu:eszed File: - D:\EEt-Lteub\:1 D.1gEI'thata\;an:ples'\Btattter_lm 2650 _cyclage GCPL_1_|Q: Sta n d a rd p rocess' n g m Od e C re a te S a
| Load | | Add | |Remove | | Clear | new .mpp f||e with additional

Fnbles variables as chosen:
To zelect from the input file To be added
mode I3 /mé ° 1
Dot Bom Energy (charge/discharge)
Ermar " . o
s o * Intercalation coefficient x
counter inc. [ dizcharge/mé. h
fimez Energy kb
contral Y md, Eneri charge/w.h ] ° Qcha rge / Qd ischa rge
Ewel Energy discharge ' h
dq/md.h
e Cycle number, ....
vl Cla  The number of data points will be
Process
) [Dmm,mtmd the same as in the initial data file
2ep ohly walues at the end of even 11 on period
[ Allow Reprocessing Cycles definition ’autn v]
[T Export s Test [T] Count half cycles
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-
Process Data &J

Input Files

Technigue : Galvanostatic Cycling with Potential Limitation
Frocessed File : D:AEC-Labhvw10. 108D atahS amplestB atteryt18650_cyclage GCPL_1_cR

’ Load ] [ Add I ’ Remove ] [ Clear I
Yariables
To zelect from the input file To be added
[ rode [ e/ h
[] owred [T [3-Bo)/ma.h
[ emrar [+
[ contral changes [ epele number
[T Mg changes "Ri"/0hm
[ counter in.
firne.'s
contralA Amd,
Ewel
dg/méd.h
[T [C] &0
Process

open circuit period
| an period

K.eep only values at the end of every |:

Allow Reproceszing

[T Export s Test

Cycles definition ’autn v]

[T] Count half cycles

Process Data

Compact processing mode calculates
an averaged or integrated variable on

every step (current or voltage
depending the technique)
eDetermination of the dynamic

resistance with the GCPL5 technique

eDetermination of the incremental
capacity with a PCGA
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Processing to get capacity and energy per cycle

* Determination of energy, Capacity & Energy per Cycle or Sequence o
capa city and efficien cy Raw File D-AEC-Labiw10.10VD ata\S amplestBattery18550_cyclage (
E xperiment G alvanostatic Cycling with Potential Limitation
e Se pa rated for cha rge an d Processed File  D:\EC-Labv10.10NDatahS amples' Battery\18650_cyclage.
d |SCh a rge pe riods Record one paint at the end of each
| Define cycles by [autn v]
. . .
Sto red INa.m p p fl |e Processzed file variablzs
cycle number E chargelw h C dizcharge/F
(1 charge/mé. h E dizchargew kb E fficiency/ %
[ dizcharge/md,.h C charge/F
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Other applications

All these techniques are also available
for the study of other energy devices :

e Fuel cells
* Supercapacitors
 Photovoltaic cells

s



\/\ BioLogic
Science Instruments

Thank you for your

attention

R



