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Part 1 | ntorfCdSd wscetpiocersent i ostat / ga

CS Potentiostat / Gal vannst at (el ectroch
wor kstation) contaigwesnear_1cti(
higpeed data acqui sition{, oo Ty e — cent |
gal vanostat. Wi t h high 't abi
accuracy with adva#dawueadt —

software, it i's a compr = |h pl
corrosion, rbateeircat, aeh : fe
science and environment a. L,*IICIIIIDLIy L.

Applications

0 Electrocatalysis (HER, OER, ORR, CO2RR, NRI
0 Study of Eneirgry hmattteeriya,l ssollLar cel Il , fuel
functmadreali al s

0 Corrosion study and corrosion resistance ¢
inhi bitors, coatings, and cathodic protectior
0 Electrosynthesis, electroplating/electrodefg

Speci fications
Suppor®@r-lectrode system

Potential control range: N1O0V

Current control range: N2 A

Potential control accuracy: O0.1% full rangeN1mV
Current control accuracy: O0.1%l full range

Potential eVesb0QeMz prlBdHO)

Current sensitivity: 1pA

Pot entiises ttastmdr<10gd] <2 AL 0

Reference electrodé¢pEOput i mpedance: 10
CurrentnAr@a@Afeaengzs

Compliance voltage: N21V

Maxi mum current output: 2.0A

Cv and LSV scan rate: 0.001mV~10,000V/s

CA and @&Cdpwhl:sed. 0001~65, 000s

Current i ncrement during scan: 1 mA@1 A/ ms
Potential increment during scan: 0.076mV@1lV/r
SWV frequency: 0.001~100 kHz

DPV and NPV pulse width: 0.0001~1000s

AD data acquisition: 16bit @1 MHz, 20bit @1 kHz

DA Resolution:me&l:6blit, setup

Mi ni mum potenti al increment in CV: 0.075mV
I MP freqgeiend WmMHz 10

Lowass filt eresccadeeovering 8

Potenti al and current range: automatic

-1-
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Instruments
EIS specifications
Signal generator:
FrequencgHzahMlz 10
Frequency accuracy: 0. 005%

AC signal amplitude: I1mv~2500mV
Signal resolution: 0.1 mV RMS
DC Bild&ds-:+10V

Out put i mpedance: 50

Waveform: Sine wave, triangular wave and square \
Wave distortion: <1%

Scan mode: Logarithmic/linear, increase/ decrease
Signal analyzer:

I nt egrmilnitmum:: 10ms or the | ongest time of a cycl
Maxi mubmycl®%S or 10

Measurement® delay: 0-~10

DC offset:

Potential automat-ievVeemp¥nsati on range:
Current compdmsatliAon range:

Bandwi-dlehade&8 frequency range, automatic and manua

System Reguirement

Operating System: Windows [/ 7/ 8/10/ 11
Communication betwee.PC and instrument: UsSB
Di mensions(cgwmei ®lkthl 301 14

00
©
(o}
©
©

{
!

Front panel Rear panel

LED scdiesemml:ay the current range, | oad status,
Ce-ldTlhe el ectrode cabl e Is hpoourltd hbeer ei.nserted int
AC220 21ITAQCV2P20V 1ploOwer socket with fuse, 1A fu
External conusreod tiontseyrmcalhcreonous!l y crootatjlng hre
et c. , or as a frequency meter for frequency
crystal Mi@QOM bal ance
USBusing USB to connect the potentiostat with
LANusing an Ethernet cable to tUomavledcyet U8B p
cable for commuohaabhebnpoBentsosgbde can al so
is a LAN pordhadmrec&l )of Yoaungsiheoul d change the |
use Ethernet, n ntuehheaiesla neel awbaoyp aatrse dbii n 1. 2. 2

-2-



...,,”ﬂll"----- CORRTEST

Instruments

Anal og input handnatbgut nput and output expan:

el ectrode system Cable connection

Gr eWE&Whi t e SEMNBdgtettohewor ki ng el ectrode
Red CE c o hmoereewcritsert oel ectrode

Yel |l ow RE tchbeehecéenceoel ectrode

Bl aGKNDP( connects toWHBalnv anieccterloecchterno dcea | noi s
Faraday cage, black GND and Shield connect t

2-el ectrodes system Cable connecti on
The green WE& white SENSE connect together
Red CE & yellow RE connect together to cath

>

—~
l ef t: El ect r ecdhea ncnaebld ced mfaotrb icss tnagtl e
right: El ectrode cable for multich

Schematic diagram
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Analog digit converter MR
A/D E monitor Voltage follower
Applied potential
Digit analog converter Power amp
D/A
Reference i—
= electrode M -
urrent amp
A/D1 Counter
electrode
.. Working
Analog digit t
nalog digit converter electrode

I monitor -

Schematic diagram of CS potentiost at

St andard supphwnhet pohegheéi ostat
Instrumen€S hSotsutd*ilo, soft war e, Power cabl e* 1,
dummy*lgelManual , warranty <card

St andard supply for Bipotentiostat

Instr umen@S IBd utdi b, sof t wat leneert P ocvaebrl eccdlh | eE*l le,c t
dummy*2¢gelmanual , warranty <card

St andard supply for multichannel potentiost at

InstrumenrCS Bostdirbdb, soft watrheeert Pocabdbt e¢ddbl &€t B ct
channethéadw®é¢B) ,*4d Bmmyanelall , warranty card

Dummy cel |

Dummy cell is a simulation S - 0.S ed t
potentiostat is normal . Whe oo — a p
use it to ensuwef bimet iponalint i f
you find data abnor mal or s g, Y
check whether itdéds caused ng
mal functioning of the instr

Connect Whe&gwbehe SBENSHWEL
yel bBbitgoa tRoE, aanld itgbaet ®WEe d
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Setup | Channels  Batch Experir

User seftings i
Connection

Channel manage
COut of demo mode

Equipment sharing

Shortcuts

Settings

Restore Defaults

Exit
Principle:
During experiment, the potential and curren
The Roqforl.thke dummy cell . So(pdtegonui appatyi a
or a cons(tagaltv acnuorsrteantti ¢ t echni que) , t he vol
applied and displayed in the software, and

Ohm | aw.

We do potentiostatic and galvanostatic tes!
i nstrument

Steps:

Open the softwar e, Click setupVYReset Wor ks
current value should always obey the Ohm | a

Click ExperimentsYPotentiosflatiVg, ssatt thke
di spl ayed potential valgeanids th.el\,urlreema u sseh c
on the graph the applied potenti al is 1.1V
potential output is normally wel/
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S

t

1r

he

Potentiostatic (i-t curve) 2 x
New Data File ;oz:;:-:--a- B8 Chareel 1 @ S
File Name [ I __ s Type 1 vaTime v 305 P 788 Timets)
Comments | | OCP(V) :l Suone Polentiosiatic
~Data Acquisition —— - Parame 000106 -
O Interval(s) Applied Potentiai)|  [11 | vs.oce [+]]
01 Total Time E =i e
@ Frequency(Hz) .
<
e il Termination Ennomo
~Setup—1—— 3
—1 || O usel When I(mA)= 250
=
- or l(mA)< -250
O UseQ When Q(Coul)> 10 0.000% |-
Axis Type or Q(Coul)= -10 0.00034 |-
{ lvs.Time E] (® Disable
nnmg?ﬂ Ilﬂ l‘ﬂ Slﬂ !I‘Il 100
| ok | [ Cancel ] [ Help ] Timels
Flarzalon 001 R Petatzton T 200 a5
The same way, click ExperimentsYGalAyarsad atrat
test . | f the displayed current val ue i
instrument current output is nor mal
Galvanostatic 2 X B atic <2ma . N -
- QUEE BED &+ EE~0 Charrel 1 @
~New Data File Asis Type E vsiTime ! 244 P 485 Time(s) m‘ 2mh
File N Brows
e ame : I I L—GJ 16 Galvanostatic et
Comments OCP(V) Elecrods a1
~Data Acquisition —— iment ik
O Interval(s) |Applied Current [1 mA E|I
o L4 = Total Time 200 s 1= b
F iz)
10 z
—;, O UseE When Potential(v)> 2 £, 0k
— £
fisins — or Potential(V)< -2 "
&= .
= Potential s
W 8 O Usea When Q(Coul)= 2
D 1061
. or Q(Coul)< Z
[ Evs.Time [zl (®) Disable
] e ; i i ;
0 2 &0 8 00
| ok | [ Cancel 1 [ Help ] Timels
req(Hz)S [ ] 24%
Combining the results, we can say
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PartS 2StCuSobbwar e

1. Introduction
CS Stswditenvmirpped wiltehc ttroech@eBs tcaatd iae o sies 1 e x i

and versatil ¢ oelclatnt rboec haepnpilciaeld | 13 U mMbcnow g roesd ean
voltammetry,obheter pa@aampwtsdret@per ati ng s-ysten
based. There is no other requirement for comp

Setup Channels Batch Experiments Windows Help

SOREEEREITER 6

* CERRTEST

Electrochemical&Corrosion Studio
Version 6.4

Int er fGX eStoufdi o software

11 El ectr océhehhm icqu e s

Stable polarization

1 Open Circuit Potential (OCP)

1 Potentiostatic {(IT curve)

1 Galvanostatic

1 Potentiodynamic (Tafel plot)

1 Galvanodynamic (DGP)
Transient Polarization

1 Multi Potential Steps

9 Multi Current Steps

1 Potential StaiStep (VSTEP)

1 Galvanic StaiStep (ISTEP)
Chrono Method

1 Chronopotentiometry (CP)

1 Chronoamperametry (CA)

1 Chronocaulometry (CC)
Voltammetry

Linear Sweep/oltammetry (LSV)
Cylic Voltammetry (CV)

Staircase Voltammetry (SCV)
Square Wave Voltammetry (SWV)
Differential Pulse Voltammetry (DPV)
Normal Pulse Voltammetry (NPV)#
Differential Normal Pulse Voltammetry (DNPV)
AC Voltammetry (ACV)

=4 =4 =4 4 4 -8 -5 -

-7-
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f 2"9harmonic AC Voltammetry (SHACV)

9 Fourier Transform AC Voltammetry (FTACV)
Electrochemical Impedance Spectrscopy EIS)

1 Potentostatic EIS (Nyquist, Bode)
Galvanostatic EIS
Poteniostatic EIS (Optional freg
Galvanostatic EIS(Optional freqg
Mott-Schottky
PoteniostaticEIS vs. Time (Single freq.)
Galvanostatic EIS vs. Time (Single freq.)
Corrosion Measurements

=A =4 -4 4 -4 2

Cyclic polarization curve (CPP)

Linear polarization curve (LPR)

Electrochemical Potentiokinetic Reactivation (EPR)
Electrochemical Noise (EN)

Zeroresistance Ammeter (ZRA)

Battery test

= =4 =4 A4 A

Battery Charge and Discharge

Galvanostatic Charge and Discharge (GCD)
Potentiostatic Charging and DischardirGD)
Potentiostatic Intermittent Titration TechnigRdTT)
Galvanostatic Intermittent TitratioRechniqugGITT)
Stripping Voltammetry

= =4 4 -4 -

i Potentiostatic Stripping

Linear Stripping

Staircase Stripping

Square Wave Stripping

Differential Pulse Voltammetry Stripping

= =4 =4 4 A

Normal Pulse Voltammetry Stripping
9 Differential Normal Pulse Voltammetry Stripping
Amperometric
9 Differential Pulse Amperometry (DPA)
91 Double Differential Pulse Amperometry (DDPA)
1 Triple Pulse Amperometry (TPA)
1 Integrated Pulse Amperometric Detection (IPAD)
Extensions
1 Electrochemical Stripping/ Deposition
1 Bulk Eletrolysis with Coulometry (BE)
T Rs Measurement

# There i s tdqiter icwgtrimeagdp.ondi ng

CS Stswditowvared siowpetd power f ul cortéeanocabnoal
the corrosion rate of the materiasal wppllamsear i

-8-
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resi sRR)anclTaf(elc)ls apeé ¢bdrr osicen tchuraruegnit ntedeeen sfiit t)
of Tpafoetlb n adyd idthieteti ,ect r oicnhpeend acracle s pectroscop:
i tan measure the doud)l| eatnhdaoylewt omap &diet @rnecsei s(
Mor e @&€be IStswditpwaag v d easc Wammdlagger f or @hsgiome mpe
physical quantities records.

12 Software I nstall ati on

1215 neglheannel :.CEGHMOCSBYMLICSBYMOCSMECS100( E)
1. Using the USB cable to connect the poten

2. Power on the instrument, open the Asoftw
théSfAistudd,obamsedtmupwyn as administrator.
CS Studict Software installation 2022/9/13 9:22 pg ==
C5Studiot SDK(.dI) 2022/9/13 9:22 i
SoConfigTool 2022/9/13 @22 g =t
Training videos 2022,/9/13 13:20 prg =
CS Studio6 2022/3/13 9:21 TifE=
DotNetFX33 2022/9/13 9:22 i
Drivers 2022/9/13 9:22 it
] cs studio 2021/8/27 17:15 =EEE 1 KB
L& CS Studiob setup 2021/8/27 17:15 RIFEER 3,995 KB

/4 CorrTest CS Studio6 Software Installation

B g o OF-j:1:04

CorrTest &R B NBERHERAH o

Bl B % Y 8  WUHAN CORRTEST INSTRUMENTS CORP_LTD @ Engish
Install drivers
Install Runtime

Install CS Studio6

[ == |
Copyright ® Wuhan Corrtest Instruments Corp.,Ltd. All Rights Reserved
3. Firstly, instal]l the drivers. After fini
manageryY Ports (COM & LPT). There, towi || af

shown bel ow.
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% Device Manager
File Action View Help

e T E HE B EX®

v # DESKTOP-J110D%4
i Audio inputs and outputs
@ Batteries
. €} Bluetooth
3 Computer
s Disk drives
[ Display adapters
. wia DVD/CD-ROM drives
{# Human Interface Devices
“m |IDE ATA/ATAPI controllers
% Imaging devices
» E= Keyboards
@ Mice and other pointing devices
3 Monitors
5P Network adapters
v @ Ports (COM & LPT)
m STMicreoelectronics Virtual COM Port (COM4)
= Print queues
1 Processors
» B Software devices
i Sound, video and game controllers
Su Storage controllers
¥ System devices
. § Universal Serial Bus controllers

4 . Secondlryuntiinnget ad nlvlifrhognonerntc omput er has a
wi || besayipm@gmpou have already installed.

I f it hasndt been installed in yourrocompmee

5. Click 1 m®LtSalSlt uCH oSt udi d he testing soft we
anal ysis software.

ol B

(S Studios RacgatE VoS

6. Run the software as administrator. Then
the instrument has been successfully connect e
{2FG6FNB RSGSt 2LIVSy il 1mcﬁ@j@

Theel dwI(dSeD&l li )s about : -
devel opment kit. We suppl —— t we
We can provide secondMmRly = © T 1 f ¢
general interfaces and de 1 s,
realize data call for Lat ﬁ V(
program, which is conveni [ﬁ ©od e
and test methods customi z =11

CSStudiot SDK([.IN EF":: :: ﬁﬁzm »ﬁjf ﬁ

-10-
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1.22Bi pot e ®&tmud dtiacthannell CERB&EOtM/I €SR2dt50M / C
The installation process is the same for bi
Software installati on
(1) Use the Ethernet ¢ abilrestt roRoveenrn ieoont ttthheme o
(2) Open the Asoftware installationo folder
C5 Studict Software installation 2022/9/13 &:22 =
C5Studios SDK(I) 2022/9/13 %22 g =
SoConfigTool 2022/9/13 222 Tt
Training videos 2022/9/13 13:30 =
CS Studiob 2022/9/13 9:21 =
DotMetFX35 2022913 %22 pr ey
Drivers 2022/9/13 %22 g
{] s studio 2021/8/27 17:15 =EEE 1KB
'3 €5 Studiob setup 2021/8/27 17:15 RIEERE 3,005 KB
?wjrCorrTest CS Studio5 Software Installation X 1
® _i o S O mtkshs
CorrTest i i BRNEROBRAE :
B B %5 {0 # WUHAN CORRTEST INSTRUMENTS CORP.LTD ®Engish
Install drivers
‘ Install .net3.5 ‘
Install CS StudioS
I o |
Copyright ® Wuhan Corrtest Instruments Corp.,Ltd. All Rights Reserved
(3) For potentclhanmel mowe udhanEtomer net comm
to instaldl drivers. Firstly, install t he n et
a prompt as foll ows.
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Message >

Through envirenmental detection, you do not need to install again,

oK

I f it has not installed in your computer, |

(491 i ck i ns®tal@S CSt wSitduadG oi s the testing soft
anal ysis software.

|l Rddress configuration (Windows 10 as an exa

Connecting the instrument (Bi potentiost at
Ethernet cable, you should reset the | P addr e

| o S oaa a0 5

| e e ®

(1) Find the ANetwork and sharing centero

3% sETTINGS | Find a setting

= © w4 L

System Devices Network & Internet Personalization Accounts
Display, notifications, Bluetooth, printers, i-Fi, airplane mode, Background, lock Your account, sync
apps, power mouse VPN screen, colors settings, work, other

users

(& & - O

Time & language Ease of Access Privacy Update & security
Speech, region, date Narrator, magnifier, Location, camera Windows Update,
high contrast recovery, backup

Then, Ethernet YNetwork and sharing center
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< Settings

33  NETWORK & INTERNET

Wi-Fi
Ethernet
Data usage
e
VPN Connected
Dial-up

Related settings

Change adapter options

Proxy

Change advanced sharing options

I Metwork and Sharing Center I

HomeGroup
Internet options

Windows Firewall

Y Network and sharing center
(2) Click AEtherneto shown as bel ow:

A & « Network and Internet > Network and Sharing Center v O Search Control Panel
View your basic network information and set up connections
Control Panel Home
View your active networks

Change adapter settings
Access type: No network access

Change advanced sharing Unidentified network

settings Public network | Connections: @ Ethernet |

Change your networking settings

tl Set up a new connection or network
-

Set up a broadband, dial-up, or VPN connection; or set up a router or access point.

(3) Click AProper tRremstdogc adlh ewme rcshieaxrk (TG R/rink

-13-
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Y Ethernet Properties X
Networking  Sharing
@ AR status >
Connect using
General
@ Reattek USB FE Family Controller
Connection
IPv4 Connectivity: Internet
IPv6 Connectivity: Mo network access This connection uses the following tems:
Media State: Enabled | & Client for Microsoft Networks ~
Duration: 00:08:59 5" File and Printer Sharing for Microsoft Networks
Speed: 100.0 Mbps Vi Qo> Facket Schedule:
v
g
W 4 Microsoft LLDP Protocol Driver
W 4 Intemet Protocol Version 6 (TCP/IPvE) v
Activity < >
Sent —— %& ——  Received Install... Uninstall /Ptm
G Description
Bytes: 2,345,380 | 11,672,819 Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks.
| QPmperﬁes | QDisabJE | | Diagnose |

ok | | oo

(4) Fill in the | P address exactly as bel ow
Internet MM ARAR 4 (TCP/IPv4) Properties >
General

You can get IP settings assigned automatically if your network supports
this capability, Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(") Obtain an IP address automatically

(®) Use the following IP address:

IP address: | 192 .168 . 0 . 28 |
Subnet mask: | 255 .255 .255 . 0 |
Default gateway: | 192 .168. 0 . 1 |

Obtain DNS server address automatically
(®) Use the following DS server addresses:

Preferred DNS server: | 192 .168 . 0

=

Alternate DMNS server: | . . . |

[(Jvalidate settings upen exit

o[ o |

(5) Open CS Studiob6 softwar e, iSetupo Y Con
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Setup | Channels  Batch Experimer - . ? x
. ) =
User settings ) 2
Connection — ( Connection () Auto © Ethenet () USB
Out of demo mode setting
i .
Equipment sharing ! O Auto Setting
Shorcuts (O Manual IPAddress
Settings
Restore Defaults |
Bt OK Cancel

Péase note that for bi potentiost at (CS235
(CS310X), the connection way must be Etherne
theyodore disconnected.

6) When the omplottieah armrsdilast pood end 9§ ofsulalty con
computer, there will be model and serial numb

g C5 Studiod [Model:CS310X in 192.168.2.7:1031] 5N:C5310X23030495

Setup  Channels  Batch Experiments  Windows  Help

SORDED® e

123l nstallation Guide for Potentiostat+ C
Single-channel potentiostat (CS350KS310M/ CS300M ejacan achievenaximurne 2A/10V
out put wh e n Thisvalge isu 3A&0AV for dach channalf bipotentiostat
( CS2350M/CS2150M) and multichannel potentiostat (CS310X).
A current booster CS2020B can be coneédtn single, bi-, or mult-channel potentiostat tmoost
the curren{up to20A). Please notéhatone set CS2020B can boastly one channebf bi- / multi-
channel potentiostat
The connection of booster to potentiostat is all the same, taketiiechannel CS350M
connecting with CS2020B as an example.

Cabl e connecti on

DBlbabodéee end inserts into the ACell 0 port
ot her end inserts into ACable ino on front pe:

CS2020B speciali zeBEESENSE@adbe gmth) baés cep et r
ter mi nal elgour sheowutadblchoose to use either e
el ectrode cable based on your test requiremer
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i

DBXx abomrme end Mnsleohs bacsckopanet hoetfh epro teenndt iionsst
Mi slc/oOn front panel of CS20208B.

Ny

N
b Y

\

CS2020B SpeEtBESEMWIZ2edrode cabl e

13

alligator edegperodteer mi nal el ectrode ¢

-16-



...,,uﬂll“----- CORRTEST

Instruments

(you should choose to uce®ppeert hteer mailnlailg ad loe c terl oedcet r «
requirement)

El ectrodenmcadtiieon for potentiostat+CS2
3el ectrode system:

Green WE and white SENSE connect together to the working electrode, yellow RE connects to
reference electrode, red CE connects to the counter electrode.
2el ectrode system:

Green WE- white SENSEconnect together to the anode, and yellowR&tl CEconnect together
to cathode. White SENSE and yellow RE alligator connect at near/lower position, Green WE and CE
alligator is placed at far/upper position respectively, as is shown below

Potenti ostat +CS2020B booster: t est
Software search

Please open the CS Studio6 software, and usually it will automaticallth&rbooster and show
rel at ed iCnSf3o5+EA2 O ? @ B ixdomthedop ofithe softwareneaning the CS350M
and CS2020Breboth successfully connected.

I f it doesnodt anthetapofinterbacefiti®syshdulB @frestthe button is
marked asbelow) n fAiSetti ngso.

I.. b [} ]
sa Settings 74 x

Working mode
CH Setting ' Unit1 v Floating Earthing

Extension module | CS20208 v

Data storage Settings

Default path: .Jments\Corrtest\CS Studio6\Data

7' Fragmentation Points: |1000000|

Write interval: |3 s |

‘ Automatic loading after test is finished.

Save Exit
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I f you donét want to use the CS2020B booster,
poweroff the CS2020Bunplug the connecting calbetween potentiostat and boostmnd use the
ordinary electrode cable for potentiostat, then restart the software.

13 Setup

131 Connection
I used t o omomuinfiycatthen way of the instrumer

For single ch&wfb8l potentiostat it
For bipotentiostat armsEtmeltinie¢channel potent.
Connection ? X
Connection () Auto © Ethernet () UsSB
f - Setting
P | © Ao -

() Manual IPAddress v

oK Cancel

132 Il nto demo mode
Setup | Batch Experiments  Experim

User settings
Connection

Channel manage

Into demao mode

Equipment sharing

Shortcuts
Settings

Restore Defaults

Exit

Our software package can be sent to cust ome

potentiostat to be connected. This is helpfu
i nstrument and software befont panchaseli Akekc
al so provide some data files so that you <car

proceeded and analyzed.

1.33Settings
Here you can change the default place for ¢
Fragmentation is used for big amount dat a.
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i $0 0®@0.0
8a Settings ? X
~Working mode )
CH Setting |Channel =] O Floating © Earthing
Extension module None L)

Temperature-PT100 ol |

-Data storage Settings
D141 I C\U s ers\Administrator\iDeskiop

Fragmentation Points: 1000000

Write interval: 3 s

Datafile format. @ txt () csdat O corfz60

Save Exit

134 Restore default
Thisoisestore to t.hheE€ fsatcotroerdy edxepfearuilnie nsttaalt ed

Message

| = Restore the default setting?

14 Batch experi ment

Batch Experiments | Windows  Help

I Combination Test
Scripted Custom Test
Scripted testing(Bipotentiostat)

Timing Measurement

l1l41Combi nation test

This iwsaf wlerfyuncti on.
You can add several experiments, for each t
number of cycles can also be set. After sett

"OK" button, and the instwveméht ikl actomai
requirements. dbohias cfoumpdteitcen exgnyroiume aant.ctge¥roaj e c
doin need t o aMali tt dired ttiintnmewi d bl complete a serie
It wi || nmeafkfei ctiheen tt easntds save your ti me.
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] [
@

SO0 a8 ¢

B no. Marre Description File

B Open Circuit Pot..  Freq(Hz):10,Hold Time(s):200 CiUsers\admi
[ B Cyclic Voltammet.. Step1 E(V)-0.2 vs Ref., Step2 E(V):0.6 vs Ref. Scan Rate(m\/s):100 Freq(Hz):200... C\sers\Admi
[ ] Linear Sweep Vol... Init E(V)-0.2 vs Ref Final E(V).0.6 vs Ref, 5can Rate(mVis): 100 Freq{Hz).200 CUsers\admi
B4 Linear Sweep Vol... Init E(V)-0.2 vs Ref Final E(V}:0.6 vs Ref Scan Rate(mV/s):100 Freq{Hz):200 Cllsers\Admi

Add ? X

© Experiment

Linear Sweep Voltammetry(LSV i-v curve) -

H ... Differential Mormal Pulse Voltammetry Stripping &
O Instruction | =-Impedance
... Potentiostatic EIS (Nyquist, Bode)
.. Potentiostatic EIS{Optional freq.)
- Galvanostatic EIS
... Galvanostatic EIS{Optional freq.)
.. Mott-Schottky
... Potentiostatic EIS vs. Time (Single freq.)
... Galvanostatic EIS vs. Time (Single freq.)
- Battery test I
.. Battery Charge / Discharge
Galvanostatic Charge/Discharge(GCD)
.. Potentiostatic Charge/Discharge(PCD)
- Potentiostatic Intermittent Titration Technique
... Galvanostatic Intermittent Titration Technique
=L Carrnsinn test

= Channel: 1[Model: C52350M in 192.168.0.7:1027]

Ex B COQCMm 8 O &

ELoad a test programme. Click this button
andte®t as designed.

HBsawetest progr amme
St ahte experi ment
OStop the experi ment

EAdd an experi ment
(2]

=~ choose an experiment, and you can modi fy
@choose an experiment and remove it from t
Wclear all the experiments

i.Adjust the order of the instructions an:q
©Timing task

amodify storage path of all/l the files

l42Screidptcust om Test

Similar to the combination test, you can cu
5 techniques available: OCP, Potentiostatic,
test, for scripted custdbrm tsavted alnl otnlee Nex e n
is no wait time for experiment switch.
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g —
File Mame Browse
Comments OCP(V) -0.00016
~Data Acquisition —— - Experiment step Experiment Parameters
O Interval(s) GOﬁr o W(Scripwame. ScriptMethod
0.2 No. | Add ? w®
(o] Frequency(Hz)
5 © Experiment | Open circuit potential(OCP) m
[ () Instruction Pglsg:]iggt:t:g(\-tij
m ElnLar Su\:etep(\on}t)ammetry (LSV)
_ Cyclic Voltammetry(CV)
w E DK Cancel
~Axis Type
oK Cancel
Take Apotentiostatico as an example, if you
continuously you can use this function. Apply
ot her constant potenti al fohi anwi lolt hee siumial
potentiostatico technique, as bel ow:
Multi potentiostatic ? X
~New Data File
File Name | Browse '
Comments OCP(V) 0.00000
~Data Acquisition —— v—_Experiment Parameters
O Interval(s) No. | Potential(v) | Time(s) | f
0.2 /§|
© Frequency(Hz) . ‘§|
- v Add the pote... 2 = = X ‘QJ
~ Setup Potential(V) 0.5 \_£|
m=nl (= &®
g ' s ’ Time(s) 10 :i:
W] (8] >
—— = | ok | | cance ()
~Axis Type =
Ivs. Time ['" l Cycles 10 Potential |vs.RE ||
oK | Cancel |
Mulipotentiostatic is the same as CA(Chronoa
143Scripted test (bipotentiostat)
For bipotentiostat and multichannel potent.i
customi ze the experiment in bohdanrcdlanmet ent ild
function is inactive.
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N s:nptedte;tmg(ﬁ.patantm;tat} e e e oo e ) <
1+ ~New Data File
File Name Browse
Comments OCP(V) -0.00015
(Data Acquisition ——, Script Name: Scripthethod-Double
© Intervalts) ~Main il step ~Main Experiment 3
02 [+ @ ’E{ & B Experiment
O Frequency(Hz) No. | Name Description [J Use Initial E{V) -0.2 vs. OCP
5 1 Potentiostatic (4)  Polarization E(/x0.2vs Ref. Step1 ERY) 02 ve. RE
~Say 2 Galvanostatic (E4)  Polarization I(mA).0.2, Experir Step2 E(V) 06 vs. RE
3 Cyclic Voltammetr. Step1 E(V)-0.2 vs Ref, Step?2| (] Use Final E(v) 06 vs. RE
|| Scan Rate(mVis) 100
w Cell Cycles 1
-~ Axis Type Experiment Termination
I
&
-~ Slave Experiment step -~ Slave Ex il
O @ E ‘@ @ Experiment Parameters
No. Mame Description
Applied Potential(V) 0.2 .RE
-
2 Linear Sweep Volt..  Init E(V)-0.2 vs Ref.Final E(Y
Experiment
{T:Sﬂs
oK Cancel
Timing Measurement ? X
- New Data File
File Name l ] 1 Browse
J
Comments | l
~Experiment
Open Circuit Potential [=] | setup | \
~Cycle Schedule

Run from Hour Min.
Run Once Every ‘min [+]

Total Cycles 5 |

CurentCycle: [0 |

Start Stop | Cancel | | Help |

It daoms @greu n nmondge of ea pee.s tnelnits f uncti on al
perform automatic measur ement atft aa idtdhte atuisneer |
track the time changteexcthiagtA€emer i atfcbeohamec
start wil/ be activated.

You can specify the exact time the exper.i
measurement and the total cycles of the meas:!

For the experiment involves polarization (¢
after each cycle, the i nstrument wil/ aut omall
status of OCP till the next measurement/ cycl e

When the times of the measur ement reach t he
to end the project. The user can judge the me
data file name.
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2. Experiment parameters seting
Take the paramet erPod etnttit mggtaivedow ecft talse an

[ Potentiostatic (i-t) 2 X
~ Ng_g Dg!a File
-"EileNam_é) 1 Browse !
;;:(i':};r;m;r]il.i; OCP(V) 0.00000
D:a:té ‘Eq“'_s—f}i‘:“ ~Experiment Parameters
O Interval(s) Applied Potential(y) 0.2 Vs.RE  [+]
0:1 Total Time 200 s -
© Frequency(Hz)
10
= o * ~Experiment Termination
f-Setup———
7“ 1 [4‘ O Usel When I(mA)= 250
. | =
3,-_ ‘ B or l(mA)= -250
‘;WJ 'E‘ (O UseQ When Q(Coul)> 10
~AxisType ————— or Q(Coul)= -10
Ivs. Time [+]| | © Disable
DK | Cancel || Help |
Flie naBmeef:ore test, the OK button is invalid.
be acandatbdn click AIOKOt he dateadwateiscbkel gade
t hpel aycoau spéE€befdatda will be savedYou dednebctt rn ece

wortrlyahe arad amwlsamere i s a sudddmiuYheexapaerc teldi
browsespamrd fy ttohes aprleaXodune caat al s,@a heemd etfrhdea i o e c t
storagefpatbwiss as

2a Settings ? X

~Working mode

CH Setting |Channel1 |»| () Floating €@ Earthing

Setup | Channels  Batch EXperim | ciension module None ),
User SE‘L‘[IHQS I I |Temperature~PT1DU v|
Connection B
Out of demo mode ~Data storage Settings
) ) UL AW MC \Users\Administrator\Desktop
Equipment sharing R
Fragmentation Points: 1000000
Shortcuts Write interval: 3 4
Settings |

Data file format. € t«t () csdat (U corlz60

Restore Defaults

Exit

Save Exit
Comme ntthse: comments wi | | al so be saved in the
the solution composition, experiment media et
be automatically saved; you dondét need to inc

Data acquisition
-23-
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|l nt espacttifie etsi me
Fregnichzogeci fies

bet ween

each

sampl ed

dat a

P

t &ceg ud atead faceiguisss ).Ph @é@aseahnhet e

the io@tmertvale set | ower than 0.001s, i . e., t |
Ot hertwhssoef t war e wi l |l automatically set the f
all owed) .
@Thlsisthe setting for the instrument.
WThis is the setting for your <cell/ testin
You can | oad a csexp file of saved param
experiment and copy your setting, he can dir e
BYou can save the parameters of a test. It
in the future, you can view how your set par:
21 Pstat/ GsSteati (ngCS)
Open a technique, and you ca?.a.do the instru
i Instrument ? X
; ~Potential Range -~ Current Range
) Manual O Auto @ Onlyinc ) Manual O Auto @ Onlyinc
(|[2sv [z] | MinRange [25v ]| [2ma 4] MinRange [20A =]
~Delaying Sweep " ~ OCP Stablization ——, ~WE mode- \ fGroundmodef:
Use [ use O virtual ) Floating
Waiting for |5 v Sec|| A ocp < 10 mVimin () Real © Earthing l
~E Polarity —— ~|Polarity ——, ~Bandwidth—, ~Low pass filter——, -~ 1kHz Low pass filter——
O O+ || © Oxds O o Oon  Oon
O 0xd.=»"" || () Oxd.=»™" © On(20Hz) Ignore power Freq.
-IR Drop Compensation " ~Data Smoothing—————— ~Cell Volt Mon. - |
© No () BycCalc. () ByFDBK Use vethod | Multipoint average |= O off .
SoluionRes./Q 100 (75 Points of Window 5 () On
External signal OK Cancel Help
Potential Range

Potent 5 a#5edavivge N100 mV,

S,

N2 50 M ey, K& 8.0 mivh e Nd &/f a

t he

, h iagnhde ru ntdheer

i snmpaul t

randNeVw sBEhmalther range i

can inc~rea~se t he
npuwt tiK&\BAN2WBor ang
t he

r amMB/eDutrd ntge t he

me a snuoriesnecBrataaitavdode thry & chye gpmod esit
e i s OK. But Ni23 tyhdew phdese i :
experi mentNL¥(rhaxihmurmpodgcetnd |

the instrument wil/l automatically stop the pc
AutTche range in the Manual will be téhei t ablte
pot emdnagecdc or d ihpe@! droppatehnonal in your test.

When youAucth®og e, nt hpa th emad n(lghid. R a n)gve | | be valid
AOn | yomenacn 9 ott eemd n qad  wi | | be switched only froc

Current Range
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feedbalckadi ng to abnor mall nwotrhkiicugcsadsfeyt lye dpac t

bandwidth, i.e.,eincrease the capacitanc
When increasing the capacitance, abeor.eispol

whi ch equpaalsss tfoitl htewdamggh arlesmovi ng t he possmabl g

for sl ow scan experi ment, you can choose 10n

you can c¢hoo$oer 1E0OSp FrelaOsnuR;e ment s, you may nee
mode or O-monjre(r eal

Lowasksi | ter

Ifyou check fOredq,uetnltcey Isownal s can be passed,
than the set value wil!/|l be bl ocked or weakene

Notch filter

I f you check the notch filterofantdhichobrsequ
be r edturrainngede xperi ment
| R Compensation

I n Wmiegh stance systemR) the bkatilhetivoortkwiensg sdla
and t hREulg @i o f ¢easmpielcliaarlyl y f or ¢ o)h clsRe tceo nopre ncsoaat
i's recommemaded.e mentwictahhvV BbdeS dohre)ksmea bodemént (

be Iy .

After you get the Rs value and then mul ti

experiment can do the I R compensation.

Cl iddt hen there is no IR compensati on.
ByCalgosteaction compensation. The compensatio
By FDBEKt@il me compensati on. It does the compen:

Data smoot h

When choosing data smobitme theketeofbhwaoft twh
t he burrs Basitchae | curyvoeu. Pd @raseh emok e Wdhead. when
measur evlee stug,gesseypbt bet@assleieg htt odidestteo.r t i on

Cel | Vol t . Mo n.

ltdés used to monitor the compliance voltage
vol tage between working electrode and count e
vol tage value wil!/ be di spl aeysetdi nign wienadlo wt. i nYe®

#t o view the comméi amceevoThagmeasured compl
format together with .cor data in the same fi

22 CebHting

Open a technique,eddndi ylguW:]anl dokt hg
Yooaaenntred abhkdr ombht oo@wor kimo g g eal)nedc terloedcet $ p| y t
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eg. surface area, material, and temperature.
wi a fl ftehcet r exwpletrda meefnfti tti ng. Temperature or tyeg
dat a; they are just saved in each data file
corrosion rate calculation.
tell Setting ? X
-Electrode - ~Cell
Electrode Area(cm?) Ref. electrode iRHE -
Density(g/cm?) 78 Vs NHE(V) 0
Chemical Equiv(g) 28 Temperature(°C) 25
Stern-Geary 26 L
Record temperature synchronously
Rotating speed 3200 r/min
WBE array OK Cancel Help

El ectrode

El ectr adet hfer eefixfpeamsteddy eof t he working el e’ ctrod
Defaulltf i$g 1s 1, the current density wil/ be

Denstiheg density of meteewibmlki>ngsetfbcimrode

Chemi cal=tB@euimo!l ar mass/ number of el ed¢tFRbns i
or exampl e, t hieriow | %5. 8Mag,s anfd ptuhme rneuastht@iro ns ©
he equivalent weight is 55.84/2=27.92g.

SteGeary :Coef the range of 20 ~28mV.
Cel |
Reference: eilrecdbwwwodur opan choose SCE, Ag/ AgCl

Cu/ Cu¥®®ase note that this is used just for yo
expenomenesul ts. I n the future when you chec
el ectrode you were using.

V vs. i NHEs the relative potential of the sel

Temper aturne: the temperature for the electroc

3. Stable Polarization
31 Open Circuit Potential

ExperdsYmerntabl e Pol arizationY Open Circuit P

This experiment apeusr ¢ai énutrhied lopraitnegn tti had bet
RE wi t haopupt| iaendy ede®carfiendtiednd)of ti me.

Before test, t he OK button is i nval i d. Onl
activated. Al | the data wil/|l be saved in this
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Open Circuit Potential 2 x
- New Data File -
File Name | ’ Browse
Comments | ‘ OCP(V)
-Data Acquisition ——, - Experiment Parameters
O Interval(s) Total Time (200 | |s -

0.1

~Experiment Termination
® Frequency(Hz)

10|

~ Setup —

Use
When Potential(V)= 2

or Potential(V)= -2

APotential(V/miny= 10

' Cancel - 'Hélp

Fil e Name

Yomme suggested to build a new folder for al
the test . fiBroaudasnedin f ¢ hidck he pl ace where data fi

CSSt udwmid | aut omati calclayr tdg pa nStoatmeero@@uutd f @ X 1 @,
t hneame off itwhiel Idabteaisbbwnlasor 0.

Thienf o CiormmewmidlIst avbeddanaYohaealne i nput i nfo. suc
the solution cont entt,i whAtecn. y®tuh epre, rif aofit dneat khiked ha e
measur ementwipdarubmaenadric al d gt & afuieldleoinddt himere ds ¢t ©
i nf or macommentng o

Experi ment parameters
Tot al:tThiemduortaatfi otnhe OCP moni toring
Data Acquisition
Choosefl ait téh &alequwency
| nt egpreadti i@ etsi me bet ween each data point.
Freenchzaspci fies t &egudatead faceiguisssd.omodn r at e
Pl ease note ctamat bhdesentleowal than 0. 001s,

hi gher than ,i08s80o0f.t wGatrhee rwiilsle aut omatlCBd | ¢t set
maxi mum value all owed) .

Experiment Ter minati on

I f the Use is checked, the exxmardeGieetthad | |
condition.

Axi s Type

You should set the Axis type for dispiay of
Ti me
32 Potenti-oytatic (I
ExperiYm&ntable Polarizatt)ion YPotentiostatic
InPot ent,i otshheat f apnemhit a cponlsaraipadd teinodn avlbe ki ng
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el ecanddmondurorrentheas aThengol @ami zdTtoit ecame dlu rmeet)
be .sd&t can ealxspoeribeteatthe® mati cally terminated w
guantity of electric charge reaches to a cert

Potentiostatic (i-t curve) 2 X

~New Data File
File Name | | Browse
Comments \ | OCP(V) —I
-Data Acquisition ——, - Experiment Parameters
O Interval(s) Applied Potential(V) vs.0CP [+
01 Total Time 200 s [+]
® Frequency(Hz)
[0 |
-~ Experiment Termination
~Setup—————————
E’ i () Usel When I(mA)= 250
— ‘ or I(mA)< 250
W/ =] -
(O UseQ When Q(Coul)> 10
-~ Axis Type or Q(Coul)< -10
lvs. Time |~ (® Disable
' Cancel Help
OCP (V) wildl di splay the cuupdcmpéeseecped circu

Exper Pmeameters

ApplRcectdensi ahe potenteatyapygehi eadnfve hto@ER
fivs.o0 RE

vs. :©6Pea ipnogsi ti ve value means anodic pol ar
pol ar iThat iacn .ual potential applied on the wor
value and the current open circuit potenti al
applied on the AWar2Wi+mLCPel.ect rode i s

vs. tRhE: pol ar i zagptpilotendp comenki alp xalt htey rvaad au ei s
enter.

Tot al spPemef i etsi mighet eamttiadst atmnlitt pios afeceandor
hour .

Experi ment Ter mination

|l Usa sl checked/ chosen, the expewninméret cwirlrle nl
aboveityhad (uaenodi ce g2lbrOrmAnti,n abov e ed ioall awh ebaolxy e
(cathodieg260mAenn, above dialog box)

| Usei Q checked, the experi meohnt¢waieltledrealaud wse
ofel ectricoubk omb g ko v(eeaaxci hmeusrh(upeo si t i vwed ed mavn g e m
val(meegati ve charge)

| f Dtirsesibsl ec hed bhed experi ment wil |l not be tern
Axi s Type
When the experi ment I's perfor med, the dat a

CorrView can be | ater usedotro tdies plxgye rti hme nd a tc
t he axiflsTitanepe i s
33 Gal vanostt)ati c (E
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Exper iYBamtbd e Pol ari zat-i on YGalvanostatic (I

In this experimenes 8hepmissrainmantoambivaeii ing
el ecanddmonpatoagandtiteel f uncti on of ti me.

Galvanostatic 2 X

~New Data File
File Name “ | | Browse
Comments [ \ OCP(V) \

~Data Acquisition —— - Experiment Parameters
O Interval(s) Applied Current (0.2 ] mA ~

0.1 —
: Total Time 200 s |

® Frequency(Hz)

[10—| - Experiment Termination

. ——— | O UseE When Potential(V)> 2

O or Potential(V)<
- Potential
W =] O UseQ When Q(Coul)> 2
. or Q(Coul)= -2

~AxisType ———

Evs.Time vl (® Disable
Cancel Help
OCP (V) wildl di splay the cuupdckatte ofpern sde aacnu

Exper Pmeameters

Appl i ed iCsurcruzertentonaptpdetensgPeonsi ti ve val ue me
pol arization; negative Weaelaet meawnal oat hnpgut ¢
(mii tsA/mAA) notthe current density.

ThEBot al spe me fdiue aad fii lgeehlev a ntoesstta.t i ¢
Experi ment Ter mination

|l UsBEi s checked, the experi mendandvapeo!l abre zauti
potemeaahes habgoavi@gt\hei n abovebel aWogvhlwa@ax-)u eo r( (
2V in abov.ie dialog box)

| Usei  checked, the experi menanan é |itnditeeaga atl
guantdlteyctorficculcbmb gk eng a & saarhoubee | miwni mamu e .

| f Dtitsesibsl ec hed bhed experi ment wi l |l not be tern
Axi s Type
When the experiment is performed, the data

CorrView can be | ater usedotro tdies mlxaye rti me nd a tc
t he axifisTitagyepe i s

34 Potentiodynamic (Tafel, LPR)

ExperiYym&nhasle Polarization YPotentiodynamic

For potentiodynadi ndi vihewal apel aurpi ztmotd ocoampo
provide versatBhheeas claem snoadpmppmsed uomr emav ereaed ewh
valuehich facilitates the pol ar i ZTahtei dno graersiitsh
current is recorded as a function of potenti
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vertex E #1

final E

Potential/V

vertex E #2
initial E
Time/s
v Potentiodynamic (Tafel, LPR) 2 x|
-New Data File =
File Name || | | Browse |
Comments | |  ocrw [ ]
-Data Acquisition y ~ Experiment Parameters
(O Frequency(Hz) Initial E(V) vs.OCP  |+]
= Use VertexE#1(V)  -0.1

@ Interval(mV)

E Use  Vertex E #2(V) 0.1
Final E(V) vs.OCP  [+]

~Setup—— 7
: | Scan Rate mVis v
W (]| B - Experiment Termination
_ | Stop scan When I(mA)= 2
~AxisType ———, R =
Evs 405 _ everse scan orl(mA)s -2
Cancel || Help

OCP (V) wilclurdipseml ay rtcluea t p@tdeantei glero fs etcloen

Exper Pmeameters

If youcdteMek t exo ME#1 ex E#Bonabhetlamittsi & irnoén E
For exampl eff0 .dlfv sy o wOrCéPt) i @ ti0 .&L vsa.ndGCRat h&he
potentstadéfirroemarcat hodi c polarization HOPpmVenoi
i &vs. 00CPhen snae@atnisvecat hodi c polarizati on, a
pol ari zati on.

Scan Ratean only bSaa pdosettvenvabudeter mi ne
potenti alof ®aa&m=dsceagenepnctt Eatanl rabage
Experi ment Ter mination

| fo wyh extkop, swhen t he cur rmeaxti mwh lhe gde.ro.r h A ow

than the minielymAs)e t tvhael veex per i ment will be s
| youmhecRevkese wshceaon current reached the rang

will be rtehairsgedtf poment iDalr itnog itrhiet itrééele eg tstree B!

i s Itohvaenr t he my oumehet wsalane wi | | be automatical
I f n8it opeswRawner sies sctasmmcked, the experi ment

to the spaglmtgmayloluyucs&m op asn@l@n a maxi munt canod
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protect the working electrode from excessivel
Axi s Type
FopotentiodynamifiE, vg@ulLogh choose

35 Gal vanodynamic

Exper iYlBamtbd e Pol arization YGalvanodynamic

For technique of gal vinnodd yvni adnuiacl, ptohlearrei zaarte c
Thecaan be stopped or reversed when potenti al

‘ Galvanodynamic 2 x
~New Data File =
File Name [ l Browse ‘
Comments [ OCP(V) :}
-Data Acquisition —— -Experiment Parameters
O Interval(s) Initial Current -05
0.1 Use Vertex Current#1 -0.1
® Frequency(Hz) Use  Vertex Current#2 01
Final Current 05
- Setup— Current Unit mA |~
@ | | Scan Rate 0.01 mA/s
w THIRC B ~ Experiment Termination
: ‘ Stopscan  When Potential(V)> 2
-Axis Type ——— Reverse scan or Potential(V)= -2
Evs.Logi -

Applied Potential

Cancel | Help

OCP will display the curr(@ptdpeéspeecjoncdi rcui t p
Exper Pmeamet er s

If you checkcuwre#i 3 rhiteorrc weettrgteexxt hen t he current
frdmi tunaftteonwaridnsadr rrerFtor exampli®, S5Ai my dlheemntne
curr emt0, APpifen t he fitmalhec cauocarketnjpsn cat hodi ¢ pc

OBmA t o anodi cbmpol d&Nreigadtiiven val ue means <catho
val ue means anodic polarizati on.

Scan :Ratean only bSeaa dosettvenvabudeter mi ne
current.

ExperiTememt nati on

I f ch8t&ptewhen the final current is reache
condition to termicamtwi thebexapaetromanitccallhy st

I f chéRevetrhsége swbean pol arization potenti al r
scan direction twcdurrleatr ever ga&dc dt ovhhmemi t hal po.
potential is | ower than the minimum value yol

I f neither i s checked, the expersmesi ngi | |

36 Potenti al Sweep Steps

ExperiYymé&nabl e PRPOtaemtziaali oBWeep Steps
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|l Pot ent
and 6

ial,

segment s

Potential/V

of

potent.i

Swlee pigbs/eemame mu m 6

segment s

seg. 9

al

scan rate

10| 11 12

Time/s

near

sweep.

m—

VPotentiaISweep-Step 2
~New Data File = =
File Name | | | Browse |
Comments | | ocew [ ]
-Data Acquisition ——, 4 1 ] 5 - 9 .
O Intervai(s) nital Ev) |01 inital E) [0 inital EV)  [-0.9
1 Final E(V) Final E(V) 05 Final E(V)
© Frequency(tz) Scan Rate(Vis) Scan Rate(Vis) Scan Rate(Vis)
57- 2 7 6 10
SIS e T Step E(V) Step E(V) Step E(V)
‘g‘ \: Step Time(s) Step Time(s) Step Time(s)
‘i‘ ‘E 7 3 ] s t7 7 1
Initial E(V) Initial E(V) Initial E(V)
'I‘ZSTTK":: | | FnerEw Final E(V) Final E(V)
)| scanRatevis) [005 | | | ScanRateqvis) [0.08 Scan Rate(Vis)
—7 S 4 ~z} S 8 ) 12
Step E(V) Step E() Step EV)
Step Time(s) Step Time(s) Step Time(s)
Potential  |vs.OCP |~ Quiet T(s)
OK | Cancel || Help -
Segment Par amet Rangeg Remar ks
1,3,57,9111 ni/tV E -10~1¢ I niti al potent.i
FindalvV E -:10~1( Final psweerpi 8E
Scan/ ¥s't] 16~-50 Potenti al scan
segment
2, 4, 6, 8|Step pdtv¢g -10~1( potential wvalue
12 . .

a St ep /tsi mg 0~100 duration of ste
1~12 Step pbV¢ vs F choospeottehnet i al
Vs O

Data Acquisition
|l FreqgueHzr)y chosen, theoaogsisecpoadi riae¢e .
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Axi s Type
When the experiment is performed, the data
CorrView can be | ater used to display the dat

4. Transient Polarization
41 Mul-Rotential Steps

ExperiYm@naasient Po-poareinztaitailonStt eMusl t i
I n t heotMunttiial Stuep $t2o0t pochenguel steps can

Current is recorded as a function off rtdrdme. T
| nigtimrda Step 1 E, StepFi2n&l, Bt ey 3nd&t éd hhevak id
to be A00, some segment (s) wil/l be skipped.
step 3E
step 1 E
==
i
=
=
= _—
w initial E
= S —
final E
step2E
1 cycle
Time/s
.-Muhi—PotentiaISteps 2 x|
- New Data File
File Name || I \ Browse |
Comments | | ocey) [ ]
- Data Acquisition —— - Experiment Par: S
O Interval(s) nitial E(v)  [0.01 | Time[100 | [ Step 6 EQV) 0.04 |Time 100
L0041 |Step1E(V)  -0.01  Time 100 Step 7 E(V) -0.04 | Time 100
® Frequency(Hz)
100 | Step 2 E(V) 0.02 | Time 100 | Step 8 E(V) 0.05 |Time 100
Step 3 E(V) -0.02 | Time 100 Step 9 E(V) -0.05 | Time 100
~Setup—— | Step 4 E(V) 0.03  Time 100 Step 10 E(V) 0.06  Time 100
Q‘ i ‘ |StepSE(V) -0.03 Time 100 Final E(V) [-0.01 |Time[100 |
W‘\ . ‘ Potential vs.0CP  |[+]
: Time Unit ms =]
~ Axis Type
lvs. Time ‘.} Cycles

| cancel || Help

OCP wi I 1| di splay the curr(@ptdpeéspeecioncdi rcui t p
Exper Pmeameters

Pot enti al cafivbe offg®od REed

Cycbpecifies the number of <cycl es

Ti me spodei duast e @tnentfi al applied by the ins
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Axi s Type
AXxi s isype vs. -potmentfioal mut eps .

42 Mul-€Gurrent Steps

ExperiYmé@naasient PoCarieati S8nepdMul ti
I n t h-&€uMuletnit Stapdllbecumhmieqque steps can be ap

i s recorded as a function of t ifmmebd.tméel hleniitnisalr u
thea Step 1 i, St elpi MRali ,c WSrtreepn t3.i By onvatr dc hec k
A0O0, some segment (s) wild/l be skipped.
'.Multi—CurrentSteps 2 x|
-New Data File
File Name || I Browse
Comments [ ‘ OCP(V)
-Data Acquisition ——, - Experiment Parameters
O Interval(s) Initial Current (0.1 | Time[100 | [CIStep 61 04 Time 100
G303 Step 11 -0.1 Time 100 Step 71 -04 Time 100
® Frequency(Hz)
Step 21 02 Time 100 Step 81 05 Time 100
100
/| Open sampling Step 31 -0.2 Time 100 Step 91 05 Time 100
r— Step 4| 03 |Time 100 Step 101 06 | Time 100
@ L Step51 0.3 | Time 100 Final Current -0.1 Time| 100
W B Current Unit mA [v]
Time Unit ms d
~ Axis Type
‘ Evs.Time - Cycles
Cancel || Help
OCP wi || di splay the curre@uitpdeeeac)ndlicfuith
i nstrument i s tub é&Neodt OoAfea,i |tathils val ue wi ||l

Exper Pmeameters

Cycles specifies the number of cycl es

Ti me detbemdoeat icounr sopfpitiheed sbhtyept he i nstr ume
Data Acquisition

|l FreqgueHzr)y chosen, the gPeotjundssi/tSieccno nrdat e
Axi s Type
Axis typeufoenmusteps is E vs ti me.

43 Potent i-Satlé pSS Tak R)

ExperYTmeanntsi ent Pol ar i-3a@wWdMEAP)ot enti al St ai

Potent-BaepBtherused to measRyarned tphoel rasmd lizsttia oow
R.. clath al so be appli dayteo ca&pawli dtaemctehe doubl

There are up to 3 individuaslt eppo.t elnft itaHe slestg
the mode of t her Ssttegpibrt Espt2epE.i s I niti al E
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[Potential Stair-Step (VSTEP) 2 x|
-New Data File - -
File Name || l \ Browse ‘
Comments | | OCP(V)
~Data Acquisition —— ~Experiment Parameters
O Interval(s) Initial E(V) D Time [200
® Frequency(Hz) — : —
Use Step2E(V) 0.01 Time 1000
2000
Applied Potential vs. OCP  [»|  Unit ms |~]
~Setup—————— =
W B
~AxisType ——
lvs. Time l=]
| cancel || Help |
OCP wi || di splay the currefutpdapen per ricfieictoh
i nstrument i s tulbd@Neod OoAfvla,i |tahhilse val ue wil |

Exper Pmeameters

Thet espsardmi E i atlo Step EL1, and tbhehedtoleebt ep
segment of the Step 2 E wil/l be skipped.

Ti me det Bemhobkdi ngpottiemmet icafl a step
Data Acquisition

| FrequerHec)y chosen, thporaogsiisexpbdtc &ing e. ti me

process is fast, the d3aGeh@ aicyguriesadmmen ded.e i ¢
Axi s Type

AxXxi s isype vs. ti me.

Pstat/ Gstat (ECS)

In step test, because the measuring time 1is
manually in advancedfwaoe detemmtnedl by. t he

44 Gal vaniSct ¢St almEP)

ExperiYmeanhsient Polari-8a¢pB8mMEBRlI vanic Stair

There are up to 3 i nghividSdisalre pc.urlrfentth es elkspeo il
the mode of the sitStiéipSttéapp i s I nitial current
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I Galvanic Stair-Step (ISTEP) 2 X
~New Data File =
File Name || l | Browse i
Comments 1 I OCP(V) :
-Data Acquisition ——, -Experiment Parameters :
Frequency(Hz) Initial Current |0 Time
2000
[2000 | Step 11 [-0.05 Time
~Setup— “|Use Step21 0 Time 0
HRRE - T
‘@ et CurrentUnit 'mA  |~| Time Unit /ms =
B
~Axis Type
Evs.Time ‘11
| Cancel || Help |

OCP wWilslpl ay the current op@pdat ecper Igfe cteh

instrument i s t uld&Neod OoAfvla,i |talhilse val ue wil |l
Scan Parameters
Thet spshrtarme I nitial Current, ta hi®@tsapsolt i ,
cheeft hseegment of the Step2 i wild!|l be skipped.
The Ti me determines how | ong the current wi

Data Acquisition

| FrequeiHzr)y chosen, theoaonqusi Siet peald daktde | B
fast process of step, the data acquisition r
130680

5. Chrono Techniques
51 Chronopotentiometry(CP)

ExperYm€htseno TechniqguesY Chronopotenti omet

Il n Chronopotentiometry (CP), 2 segmercts ode
Potenti al ifsinrceg ¢ @amd ed d3 mae .
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' Chronopotentiometry ? x
-New Data File
File Name || I | Browse
Comments | | OCP(V)
~Data Acquisition ——, - Experiment Parameters
O Interval(s) Cathodic Current ‘-0.1 mA )
0.01 Anodic Current 0.2 mA =
@® Frequency(Hz) =
- Cathode Pol. Time s -
Anode Pol. Time s [+
-Setup— 7 —
( @ — Initial Polarity Anode -
| |
=== — Num. of segments
V| 1B : =
R —— | Experiment Termination
/|Reverse  When Potential(V)>
~Axis Type
E+lvs. Time [+ Stop or Potential(V)< -1 Reverse
Applied Potential  |vs.RE |~
Cancel - [l Help

OCP wi ||l
Exper iPragrmatmet er s

di spl ay t

he curr(eptdtabpepeci seuabndp

Cat hiadhiodi ¢ icsurapmlti ed on the working electro
ff0 sign for the cathodic current.
Cat hadede Piog .t he medur ati on each segment. Sec

Num egmesigesc httiosmaaimtber of applieducsmeéepmencs an
Paramet el Range Description
Cat hodi c| -2A+0A The cathodic curren
el ectrode
Anodic c¢| OA~+2A The anodic current
el ectrode
Cat hodic| >0 Dur ati on coufr rceantth od i
Anodi c t >0 Duration of anodic
I ni ti al Anode/ ¢ The pol arity at t
experi ment
Num. of >0 Theothailmber of appl
anodi csegmeahs
Exper iTentemitnati on
| f cShtepcpkt he cat hodic or anodic polarizati on
Reveirseuswdtlbéd anodic and cathodic ol amowmti
above parameterisf sehei pgt ental @alg beaches 1V in
turn to proceed the cathodild mpolleasrsi ztantano nl.O sl,f
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will turn to proceed the anodic polarizati on.

Data Acquisition
| Frequenicyy (Hzgsen, theoaogueisecpod riaead. i n

52 Chronoamperometry(CA)

ExperiY@anoso TechniquesYChronoamperometry(C

Chronoamper oenelhe ycmemsmutr response as a funct
odupbtentdmmheswepki Md i sl emwattsread et ioh es teuldeyct r od e

of @atuhpelmi cak, reapecoal |l y the reaction mechan

v Chronoamperometry (CA) ? X
| ~New Data File
| | FileName CA Browse
' Comments OCP(V) 0.00001
| -Data Acquisition —— - Experiment Parameters

O Interval(s) High E(V) 05 |VSRE—J

o Low E(V) 01 [wRE |7

O Frequency(Hz)
100

Pulse Width(s) 0.25

Num. of steps 8
- Setup

W/ B

- Axis Type —

lvs. Time -

OK Cancel Help

OCP wi I | di splay the curr(@pttabpepeci seubD

Experi ment Parameters

Parameteg Range Description
High E (\V -10~10 Upper I imit of pot
WE
Low E (V) -10~+1 Lower Ipiomiemtofal st
WE
Pul se wi >0 Pot enti al pul se wi
Number off >0 Number of potenti a

53 Chronocoul ometry(CC)
ExperiY@anbsaso TechniqguesYChronocoul ometry(CC
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Chronocoiud oamnemmeyh stulret oqu ah et yiaosf cah af rugnecst i on

after

a

processedlemioupld , rebhectoopacti ve

pot enotni ad wdreki Mdi alpguhitsieald datioh es teuldeyc t r
ads

substance

- Axis Type

W

Quvs.Time

-Setup——

—

. Chronocoulometry 2 X
- New Data File
File Name | | Browse
Comments | ‘ OCP(V)
~Data Acquisition —— - Experiment Parameters
O Interval(s) Initial E(V) 05 vs.RE |~
893 Final E(V) 0.1 VS.RE  |=]
® Frequency(Hz)
0 Pulse Width(s) 0.25
Num. of steps

| Cancel : ‘7 Help -

OCP wi ||

cdu rsrpd mty d pheen

Experi ment

Par ameters

Ci r ¢uwidta t peo tpeerrt isaelc oonfd

Parameternn Range Description
Il ni tV)al f-10~+1 The potenti al app
el ectrode
FinaM) E (-10~+1 The potenti al app
el ectrode
Pul sesgwi ¢ 0. 009 Duration of the ap
Number of >0 Number of potenti a
6. Voltammetry
61 Linear Sweep(L8¥))tammetry
Exper YMeht ammetryYLinear Sweep Voltammetry(
I n Line¥ol tSavmmetry (LSV), t he i pEb tteonwtairad Hisn
The foldliagrag shows the potenti al waveform

recorded

as$

potemci adbn

-40-
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Potential(V)

Final E

Scan Rate (V/s)

Init E

Time (s)
<* Linear Sweep Voltammetry(LSV,i-v curve) ? X
~New Data File
File Name | Browse
Comments OCP(V) 0.00000
-Data Acquisition —— ~Experiment Parameters
() Frequency(Hz) Initial E(V) -0.2 vs.RE -
i Final E(V) 06 vs. RE o
© Interval(mV)
Scan Rate(mws) 100
05 e
Setup
ey
W ]
-AxisType ——
OK Cancel Help
OCP wi I | di splaiyr ¢ hiet cpotr@mptipaéspeecgdf.n & he c ¢
Exper Pmeameters
Par amet Range | Description
Il niti al -10~+1 Il niti al pofventoO&IR dfe
Fi reEq1V) -10~+1 Final potenti al
Scan rat|] 16~+10/ The s@mam of the poten
Il nterva > 001 Pot enti al di fference
Frequen 0.01~1 Specifies how many da
secohlidt.her I nterval o]
chosen
I f the | niivtsD@&/ RinmMda IylowR2 mesitneirt i al E, it mean
potenti alPdsCiPt+iOv.e2 Wwal ue means anodic polari za

-41-



CORRTEST

Instruments

pol ari zation.

I f the | nifvs .l REMa aWilb.d2 re it relirtt iméarks t he scal
0.2V
62 Cyclic Voltammetry(CV)
Exper iYWehnt@ammetry YCyclic Voltammetry(CV)
I n Cyclic Voltammetry (CV), if you check th
l'inearly swdgp/er flefve ritheg e tatleEXEE | Eal The foll ow
di agram shows the applied potential waveform
function of potenti al
}4— 1st Cycle —_»‘
Vertt_ex2E
Reverse scan
g H
@ Scan rate
.@ Forward scan
[=]
o
e sl e W e s
Initial E
time/s
</ Cyclic Voltammetry (CV) ? X
" ~New Data File
File Name cov Browse
Comments OCP(V) 0.00000
~Data Acquisition ——  _pyperiment Parameters
LS Ermguanate) (] Use Initial EV) 0 's.0CP |
100
O Interval(my) Vertex1 E(V) -0.2 vs. RE e
05 Vertex2 E(V) 0.6 vs. RE v
(] Use Final E(V) 0.6 vs. RE -
Setup
Q Scan Rate(mVis) 100
Cycles 10
v "B
~Axis Type y
Vs E -
OK Cancel Help
OCP dwstslpd aggurrent open clupdai ¢ petesmecahnhdof
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Experi ment Parameters

Paramet er| Range Description

I ni ti al -10~10 I nitial potenti al 0

VerIEe(xV) -:10~10 I nitial pot einfiotal clg
fUsdeor t he fiotentvar

Ver2z ek(V) -10~10 the second weérstchaen p

Scan (rmavt/e 106~170 The scan rate of th

Cycl es >0 The ummdr t h cycl e
Il nterval > 001 Pot enti al di fferenc
points
Frequency 0.01~ Specifies how many

i n 1 sEeictohnedr. | nter v

should be chosen

CV ceooweoifsttswo parts

athe | ower r edeugcnhe mogrr /ec att heodeeducti on wavef
reduction process of the electroactive mater.

bthe wupper oxsedmemdomée anbee oxi dati on wavef
oxidation heedecetsisomfproduct s.

CV technique can directly measure t h(gitphati o

and the (HHEhbbkeeéwewroeanodi c peak potential and ¢
Cyclic Voltammetry
1.5E-04 ) :

1.0E-04
= 5.0E-05
=
i
3 0
5 0E-05
-1.0E-04
03 02 01 0 01 02 03 04 05 06 07
Potential/\VV
CV curve of gl assidyFelemdpbmuteloamctrode in K
CV technique is mainly used for electrochem

the absorption phenomenon of electrode etc.
Foreversible eliéghlt odaexdr eacti on
28.25
Epa=E1/2+T

28.25
n

Eoc =By -

pc
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_56.5
n

6.3 Staircase Voltammetry(SCV)
Exper iYWenteammetry YStaircase Voltammetry(SC

I n Staircase Voltammetry (SCV), the potent.i
it may be scanned back. Current i's sampl ed
function of potenti al

Compared with cyclic voltammetry (CV), t he
capacitance currentl agenmeredtfeecctb yettiwe edo ulhlee v
solution interface. Therefore, rtrheentS Q@Vh ameatcht cel
the system more accurately. The application
gualitative and quantitative testing i n ¢commc
electrode procasdase ardcdliont mecd ani sms stu

> Staircase Voltammetry ? X
- New Data File
File Name scy Browse
Comments OCP(V) 0.00000
- Data Acquisition —— -Experiment Parameters
Interval(s) Initial E(V) 0.2 |vs. RE
002 Final E(V) 0.6 vs.RE
Frequency(Hz)
= Inc. E(V) 0.004
i Cycles 5
Gosiad Step Period 005
®)
a _ep.eno.s 05
[_J Sampling width 10 ms
W 8 [] Power freq. period 1
~-Axis Type ———
‘lst B
OK Cancel Help

OCP will display the curr(@pttabpepeci seubndp

Exper Pmeatset er
Par amet| Range Description
I ni ti al -10~+10 Il niti al potenti al
Fi rEq1V) -10~+10 Final potenti al
ncV) E( 0.001-~0 l ncremented pot el
Cycl es 1~10, 00( The number o f

waveform

Sampng l~half Data sampling wi ¢
wi dt h(msperiod

Step pe 0.001~1f Potential step p¢
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| nidl and Final E shoulSk mpd iantg W aldth G.h@Oul\ &
half of Step Period; otherwise t Deh as wsitldm bvei |

acquired at the end of each step. I n general,
Il f the I ncrement E is set too high, the numt
experiment al requirements; i f the step peri oc
acquisition frequency oftbhebtasthrgmedt SCVhet
Should choose appropriate I ncrement E and st e
experi mental points in a single cycle reaches:s

64 Square Wave Vol tammetry(SWV)

Exper YMeht ammetryYSquare Wave Voltammetry(S
I n Square Wave Voltammetry (SWV), the base
Fi nal E. The potentiostat applies a series of
and defined as a frequency) Gumpremnmpiosesamml| e
final part of theTher wanrdeamddod dieweamiciedar 36 f

base potential. The following diagram shows t
andculmheent sampling scheme.
>
_ﬁ Incr E
= ol
% Al - ——t—Final E
o Amplitud
Init E K
1 Kk
_)i 1/Frequency k_ Sample Width
Time (s)
o Square Wavé Voltammetry (SW ? X
~New Data File
File Name swy Browse
Comments OCP(V) 0.00000
~Data Acquisition —— - Experiment Parameters
Interval(s) Initial E(V) 05 vs. RE =
0.1 Final E(V) 0.1 \Vs.RE =
Frequency(Hz)
Inc. E(V) 0.004
0
Amplitude(V) 0.025
i Fi (Hz) 15
requency(Hz,
e
(] sampling width 10 ms
W = (] Power freq. period 1
. ~Axis Type
OK Cancel Help
OoOCP wi I | di splay the curr(aptdabopepeci seuanondp
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Experi ment Parameters

Parametg Range Description

I ni t(iVa)l -10+2 0 I ni ti al potenti al
Fi rEd V) -10+2 0 Fi nal potenti al
Il ncVv) E (( 0.001~0.0 l ncremented pote

square wayves

Amplitud 0.001~0.5 The amplitude of

Frequeng 1~100, 000 Sqguare wave out pl

Sampling 1~ hal f Sampling width of
1/ frequenc

Power 1~ hal f This period cann

period 1/ frequenc| of 1/ frEeghency hogd

width or power fr

Axi s Type

When the experiment is performed, the dat a
CorrView can be | ater used to display the dat
Square Wave Voltammetry
1E-04 : ; : ; ] :

BE-05
< 6E-05
E
e
& 4E-05

2E-05

041 0 01 02 03 04 05 06
Potential/\V

SWV cuK:Fd Citd)yst em
65 Di fferenti al Pul se Vol tammetry(DPYV)
Exper Ym¥oksammetryyY Differential Pulse Vol

I n Differenti al Pul se Vol tammetry (DPV), th
Final E. A potential pulse is applied. Current
the pulse. The differencei sbertenceoernd etdh easse a wou n
The foldlawram shows the potential waveform aj
sampling scheme.
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>
E Pulse Width
1= Kol
E _j |(_ Amplitude Final E
[o] KO
o Init E _)} '“(")H(' Incr E
Pulse Periog  Sompie Width
Time (s)
" Differential Pulse Voltammetry (DPV) ? X
~New Data File
File Name dpy Browse
Comments OCP(V) 0.00000
-Data Acquisition —— - Experiment Parameters
Interval(s) Initial E(V) 05 vs. RE -
0.02 Final E(V) -0.05 vs.RE |m
Frequency(Hz)
B Inc. E(V) 0.004
. - Amplitude(V)  0.05
- Setup
E Pulse Width(s) 0.05
— Pulse Period(s) 0.5
W/ B
["] Sampling width 10 ms
=AKS Ape | |[CJ Power freq. period 1
’ Ivs.E o
OK Cancel Help
Scan Parameters
Par amet e Range Description
I niti al -10+4 0 I niti al potenti a
Fi req V) -10+ 0 Final potenti al
l ncV) E( 0.001~0.05 l ncremented pote
pul ses
Amplitud 0.001~0.5 Ampl icfudpadls e
Pul se wi 0.001~10, Pullsel di ng dur at.
hal f of the
Pul se pe 0.01-~50 Potenti al pul se
ti me
Sampl e 1~ half of Data sampling wi
wi dt h( ms |
Sampling 1~ haRUlpsed i Sampling width o
Power 1~ haRJl od This period cann
peri od opul se .pietrhieord c ho
wi dth or power f
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Differential Pulse Voltammetry

1.2E-04
1.0E-04
< BOE-05
[=
@ §.0E-05
=)
© 4.0E05
2.0E-05
0
04 02 0 02 04 06 08
Potential/\V
DPV cuKsve( &W)st em
For the reversibl e sylhtee mp,e atkhe uaurevnd iis ddyr
the concentration of Whéae meeasampldi suibtsa na hicee h
expressed by the following equation:
2 2
P=""" e [ Pc
ART o

WherDEi s the amplitude,eats titismes hbpeudsdsesehariotdee

cursampl i ng. D is the diffusion coeffiwea ent
can fitrme d¢emaikentrepatasmeh| it todo. dBpigiwti Ude i nf | uce
the resoluti on.angelniatnohd sys a n2 ~a3DdemV

DPV t ecchami geueeé ¢ mt halt ewyf fect of t Wiiibraccrkega soeus
measurseemesnitt i vity dramadasabdden T haltGmom i dam b

Rel ati oneak pp otfpp o | DEPVH &W é v e poE)emnfordi nary

pol arography can be expressed as foll ows:
_ DE
Ep—E}/Z-7

There is a usefplakawameewnmlah2 tWhe nh alhfe ampl
relatively smal/l

B DE
W%_s.san,
UndeNMN W25 s 9rV..2Y&mean be a supporting measur
of transferred electron in reactions.

6.6 Nor mal Pul se Voltammetry(NPV)

Experimenty Vol t ammet ry YNor mal(NPRul se Vol tammetry
I n Nor mal Pul se Vol tammetry (.ERPV)andt lae slkeasie

potemulisads with increasing amplitude is appli
i's saampdl erdecorded as a f ulnlcd | pwnl sodsfarllovea ysh lesstean
potenti al. Il n such a way a discrete, di gi ti
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i mportant parameter. |t determinecsurtrhestel felcd w
>
3 Pulse Width Final E
j
% Incr E 4k
o S o B N
3 3 A1k
Pulse Period Sample Width
Time (s)
«fll Normal Pulse Voltammetry (NPV) ? X
~New Data File
File Name npy Browse
Comments OCP(V) 0.00000
i-Data Acquisition —— ~Experiment Parameters |
Interval(s) Initial E(V) 05 vs.RE B
262 Final E(V) 005 |w.RE |=
Frequency(Hz)
= Inc. E(V) 0.004
,. = ) Pulse Width(s)  0.05
~Setup——
Pulse Period(s) 0.2
' [} Sampling width 10 ms
W =i ("] Powerfreq. period 1
~ Axis Type \
OK Cancel Help
OCP will display the curr(@ptatspeecpoencdi rcui t p
Experi ment Par ameters
Paramet enn Range Description
I niti al f -10~10 I niti al potenti a
Fi rEq1V) -10~10 Final potenti al
l ncV) E( 0.001~0.0 l ncremented pote
pul ses
Pul se wi¢O0O.001~10, Potenti al pul se
halfhefpul
peri od
Pul se pen 0.01~50 Potential pul se
ti me
Sampling 1~ half o Data sampling wi
wi dt h(ms)| width
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Power fre¢g 1~ half of This period cann
wi dt h hal pul csfe .Rietrhieord c |
sampling width o

peri od.

Normal Pulse Voltammetry
0.0001 :

-0.0001

i

-0.0002

T
%

Current A

80008 [

ol Lo

-0.0006 | | | I | l |
02 01 0 01 02 03 04 05 06
Potential/VV

6.7 Di fferenti al Nor maIDNFPWI)s e Vol tammetr

Exper Yineathmet ryY Differential Normal Pul se
I n DNPV,pdthenthiaslei &€ls heldd aodt alpmd h et ent i al

The magnitude of the firstapdltkei secemenp sl =
amplitude relative to the fbiortsht .p oCuernrteinatl ipsu
di fference of these two val uespotsenrteicaolr.d eTdh ea
diagram shows the potenti al wavetar meapphbaed
scheme
> Fulse Wldth Pulse w:ath
I
% Iner E Amplltude Fial =
o ‘—\fﬁﬂ
Init E
" K 1Ak
Pulse Period Sample Width
Time (s)
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«il Differential Normal Pulse Voltammetry (DNPV) ? X
~-New Data File
File Name DNPY Browse
Comments OCP(V) 0.00000
-Data Acquisition —— -Experiment Parameters
Interval(s) Initial E(V) 05 Vs.RE =
0.02 Final E(V) 01 [wRE |7
Frequency(Hz)
— Inc. E(V) 0.004
= Amplitude(V) 0.05
fiacde 1stPulse Time(s)  0.05
a 2nd Pulse Time(s) 0.05
W = Pulse Period(s) 'E L
[] Sampling width 10 ms
-~ Axis Type
(] Power freq. period 1
OK Cancel Help
OCP will display the curr(@ptpeéespeecnoncdi rcui t p
Scan Parameters
Par amet e Range Description
Il ni ti al -10~10 I ni ti al potenti a
Fi rEq1V) -10~10 Final potenti al
l ncV) E( 0.001~0.0 |l ncrement ed pot ¢
pul ses
Ampl i tud 0 . 000.15 Potential pul se
pulse wWw 0.001~0.0| First potenti al
22bulse Ww 0.001~0.0 Second potenti al
Pul se pe 0.05~50 Potential pul se
Sampling 1~ hal f Data sampling wi
wi dt h(ms) width
Power fr 1~ hal f This period cann
wi dt h opul se .pietrhieord c h o (
wi dt h drr eggaveaeirc y
I nit E and Final E should be at | east
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DMPV Voltammetry
2 5E-04 _ |
2.0E-04
< 15E-04
i
-
2 1.0E-04
3
5.0E-05
0
5. 0E-05 | | | | | | |
02 01 0 01 02 03 04 05 06
Potential/V
Axi s Type
When the experiment is performed, the dat a
CorrView can be | ater used to display the dat

68 A. ¥Wol tammetry(ACYV)

Exper YMeInttaammet ryYA. C. Vol tammetry(ACV)

I n A.C. Voltammetry, the bia&let poFiemal aE, i &nd
sine wavefrnmprons eids. sQupr r ent i s sampled when t he
using a siorMtammplei lioek. During the experiment,

Final E

Amplitude
Ak

Potential (V)

Init E

4k

Sample Period

Time (s)
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I-A.C'Vohammetry ? x|
" General | Analyzer |
- New Data File = >
File Name || | } Browse
Comments | | ocry) [ |
- Setup—-f' - Experiment Parameters
&3 | | Initial E(V)
@‘ ‘g Final E(V) -0.05 vs. RE d
— | — Inc. E(V)
axxiee Amplitude(mV)
AC Frequency(Hz)
Bias DC Current | Off [~
Sample Period(s)
1793“‘3917 ‘77He|rpw;

OCP wi || di splay the curre@uitpdepeeac)ndlicfuith
instrument is turnedVoaf fAvatiHialwal ue wil |l di ¢
Exper Pmeamet er s

Par amet Range Description
Il ni tMall -10~10 I nitial potenti al
Fin&) B -10~10 Final ©potenti al
|l ncV) E( 0.001~ Potential difference
Ampl ity 1400 AC ampl eaodewateform
(™)
ACfrequ 0.1~1 AC frequency
(H3
Bi as D(Q [Goowins Supri mp&seur riemtAisa
Below 100Hz
On
Sampl e 1~50 Data sampling period

peri od(

| nid&l and Final E should be at Il east 0.01V a

| nEi.s itnlcer ement potential of each pulse; it

Data Acquisition
| Frequenicyy (Hzgsen, theoaogueisecpod riaead. i n
Axi s Type

When the experiment i s per fsoprente df,i etdh eb yd atthae
CorrView can be | ater used to display the dat

69 2nd Har monic A.C. Voltammetry(SHACV)
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Exper YMeht ammetryY2nd Harmonic A.C. Voltamm

SHACV is the same as ACV except that the so
n Second Har monic AC Vol tammetryi &t hewhasdgeFp

I
E, and a sequenti al sine waveform is superir
applied, and its second harmonic ciompamphtfi
During the experiment, ionlAC tdwer raebrsto | iug ed isselc
r2nd Harmonic A.C Voltammetry ? x|
a " General | Analyzer |
-New Data File = -
File Name || l Browse |
Comments | ] OCP(V) [:I
.— Setup— 1 Experiment Parameters
CIEER Initial E(V) vs.RE  [+]
W B Final E(V) -0.05 vs.RE  [+]
Inc. E(V)
~AxisType ————— | amplitude(mV) 25
AC Frequency(Hz) E
Bias DC Current Off -
Sample Period(s) 1
e o
OCP will display the curr(@ptpeéespeecnoncdi rcui t p
Experi ment Par ameters
Par ameter Range Description
[ ni t\M)al El -10%+0 I nitial potenti al
Fina) E( -10~1Q0 Final potenti al
l ncV) E( 0.001 Potential differen
0.05
Ampl imyde 1400 AC amplitude of ea

ACE r e q uHean 0.3060 AC frequency

Bias DC c e Enable DC current

Below 100Hz
on

Sample pel 1~50 Data sampling per.i

6.10 Fourier Transform AC Voltammetry (FTACYV)

ExperdsdYMmeht ammewury ¥rFTransfof MTACVVol tammetr

FTAGVs t he same hast AaQM eerx cteepstt ithQut her sdof & w:
from the originahdda3madandt optaim, tded 6t h he
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[ Fourier Transform AC Voltammetry (FTACV) 2 X
r// General [ Analyzer]
~New Data File - -
File Name ll l \ Browse ‘
Comments ‘ | OCP(V) I:]
~Setup— 1 ~-Experiment Parameters
wé@ =, Initial E(v)
‘W‘ =R Final E(V) 005 | [vs.RE |+]
E=—lb=— Inc. E(V)
“AxisType Amplitude(mv)  [25 |
AC Frequency(Hz)
Bias DC Current  Off -
Sample Period(s)
| Cancel | jiﬁeip |

Experi ment

parameters

Parameterl Range Description
Il ni ti al B -10~+1( I nitial potenti al
Final E (| -10~+1( Final ©potenti al
lne. B (VY 0.001~ Potenti al di ffere
waves
Amplitude 1~2500 AC amplitude for e
AC freque 0.1~50 AC frequency
Bias DC ¢ laowne Superi mpose bias [
Below 100Hz
on
Sample pe 1-50 Ti me of sampling
| ni&l and Final E should be at |l east O0.01
For parameter of Bias DC current, the wus
On.
7. Amperometric
71 Differenti al Pul se Amperometry (DPA)

Expersymenper oneit rier ent i al

Pul se

I n Differential Pul se Amperometry (DPA),
conditioning, during which current i' s not
condi tsitempi,ngand the current at the end of

-B55-
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conditioning E

sample width
N

||

Potential/V

2nd pulse E
initial E 1st pulse E
— 1cycle 2|
Time/s
Differential Pulse Amperometry ? X
-New Data File
File Name DPA Browse
Comments OCP(V) 0.00000 ,
-Data Acquisition —— - Experiment Parameters y
interval(s) Initial E(V) 0 Vs.RE =
0.02 Initial E Time(s) 0
Frequency(Hz) Conditioning E(V) 0
50 Conditioning T(s) 1
- Setup 1st Pulse E(V) 05
E 1st Pulse Time(s) 1
= 2nd Pulse E(V) 1
W B8
2nd Pulse Time(s) 1
~Axis Type Cycles 100
llvs. Time B ‘ ("] Sampling width 10 ms
[ Powerfreq. period 1

OK Cancel Help

Parameter setting for DPA

Experi ment parameters
Par amet Range Description
Il ni ti al Efl -10~1QdIni ti al potenti al
I ni B itafl sne a0 The duration of the ini

during this process

potenti al

Condition -10~1(0dThe el ectroldel epmida gti ioa
Conditionl 00 The duration of the <co
Ti me(s) not sampl ed.

Bbul se -10~10dTheépaul se potential in e

1°Pul Bienfjes)| 0. 01~

The duratiséhpnul sfe plhhe et
sampl ed.

2pul se pqg -10~1¢

ThépPal se potential in g
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(V)
2Pul Biemes|0. 01~1| The duratiPiponl 9é& pboeer2f
sampl ed.
Cycl es 10~100 The tot al number of <cy
Sarp ng 1~ hal| The samplingawd®h@h sef (
wi dt h(ms]pultdseng i n each pul se.

72 DoulDlidferent.i

al

PuDRBA) Amperometry

(D

-57-

Expersymenper onBoubhlce Differenti(éDDPRA)I se Ampe
Doubl e Di f f AArmpretrioanlet Pyl e DPA) alternates
di ffer emtmpalromelt sg, with two sets of data re
condi tpiodareinig al applied for electrode conditi
potentialappluli edecandietsiteedpiengnd the current at
recorded agianef umatriiomg dadfhe experiment, only
samples is displayed.
sample width sample width
G 1st conditioning E 2nd condi- | 1
> I
— tioning £
= ‘ ‘ 3rd pulse E
S 1st pulse E I
E 2nd pulse E
4th pulse E
initial E
. 1 cycle
Time/s
f"DoubIe Differentia'| Puls—e Amperometry ? X
-New Data File
| | File Name DDPA Browse
Comments OCP(V) 0.00000
-Data Acquisition ——, ~Experiment Parameters
Interval(s) Initial E(V) 0 Initial E Time(s) 0 vs. RE =
e 1st Conditioning E(V) 0 1st Conditioning T(s) |
Frequency(Hz)
- 1st Pulse E(V) 05 1st Pulse Time(s) 1
50
-— 2nd Pulse E(V) 1 2nd Pulse Time(s) 1
- Setup - o
2nd Conditioning E(V) 15 2nd Conditioning T(s) 1
3rd Pulse E(V) 2 3rd Pulse Time(s) 1
W B 4th Pulse E(V) 25 4th Pulse Time(s) 1
- Axis Type Cycles 100
Ivs. Time & ("] Sampling width 10 ms
[ ) Power freq. period 1
OK Cancel Help
Parameter seDDPAg window for
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Experi ment

parameters

Par amet er Range Description

I ni ti al Efl -10~10 I ni ti al potenti al

Il nitial p a0 Duration of the initia
sampl ed.

1*Conditiol] -10~10 Thestcll eaning potenti al

1°Conditio|l G0 The dur atcomdot itomeé ny
potenti al Current 1is

*pbul se E -10~10 Thépul se potential in

1°Pul Bienmes)| 0.01~1 The dur at’pboahsef pohent
sampl ed.

22pul se E| -10~10| Thédpalse potential in

2Py | Biemes )] 0. 01~1 The dur at'"fpaud scef ptohte n2
cycle. Current is samp

22Conditiof -10~10| Thé%2 e dmrciomgdipoatoenntnigal
experi ment

2Conditiof GO The dur at"fcd re dadiomghiet 2
potenti al I n this pro

¥bulse E(\N -10~10| thepP®l se potential in

IPul Bienes) 0.01~1 The dur at'fpan sef ptohen3
cycQuwr.rent is sampl ed.

4bulse E ( -10~10| Thébalse potential in

4'Pul Bienie ) 0.01~1 The dur at'fpaun sef ptoh & n4
cycle. The current 1is

Cycl es 1a400,( Total number of cycli

Sampnwgi dt h(] 1~halffl The sampling width of

pultdane

73 Tri Blukse

Expersyweper oniertirpyl e
Triple

I n
f oorl ectr ode
a function

Potential/V

initial E

AmpdPAMmetry (

Pul se Amperometry (TPA)
Pul se Amperometry (TPA), three po
conditioning. Current i sresaopded :
of time. The third potenctyicalle.pul s e

Time/s
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Experi ment

parameters

Triple Pulse Amperometry ? X
-New Data File
File Name TPA Browse
Comments OCP(V) 0.00000
-Data Acquisition ——, ~Experiment Parameters
Interval(s) Initial E(V) 0 vs. RE ™
0.02 Initial E Time(s) 0
Sl 1st Pulse E(V) 05
1st Pulse Time(s) 1
Setup 2nd Pulse E(V) 1
E 2nd Pulse Time(s) 1
= 3rd Pulse E(V) 15
W = 3rd Pulse Time(s) 1
- Axis Type Pulse Inc. E(V) 0.004
lvs. Time o i Final E(V) 2
' Cycles 100
[} Sampling width 10 ms
[_) Power freq. period 1
OK Cancel Help
Par ameter Range Description
I niti al Efl -10~10 The initial potenti i
| niBTiiafes ) ao The duration of the
current is not sampl
Final E(V| -10~10 The final potenti al
"Pul se E( -10~10| thepul se potential i
1°Pul Bienies ) ao The dur at’hboah sef poh e
cycl e.
2Pyl se E(| -10~10| Thé%halse potenti al
2Py | Bieme )| GO0 The dur at"fPpan seef ptohe
cycle. The current i
¥Pul se E(|] -10~10| thep®Bl se potential i
IPul Biems ) 0.01~1 The dur at'fpan sef ptoh e
cycle. The current i
¥Pulse in 0~0.02 Increment popwinstd al
Final E(VH -10~10 The final potenti al
Cycl es 1400, Tot al number of <cycl
Sampnwgi dt hf 1~ hall The samplindpwi dehpy
¥bul se in each cycl e
wi dt h
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74 I ntegrated Pulse AOp®ADMetri c Detection
Expersymenper ovienregr ated Pulse AmMPRDometric
I n I ntegrated Pul se Amperometric Detection
aragppl i ed. Current is sampled and integrated
ocl eaning occurs during the | ast two steps.
function of ti me.
Oxd E
g Peak E
S
% Start E Return E e
o —)I Integration Time )(7 Red E
| Cycle 1 Cycle 2
0 Time (s)
Experi ment parameters
{lntegratedpulseAmperometricDetedion 2 x
~New Data File
File Name || |‘Browse‘
Comments | ] OCP(V)
~Data Acquisition —— ~Experiment Par S
Interval(s) Initial E(V) [0 | inital Pulse widin(s) vs.RE |+
0.02 Peak E(V) D 1st Scan Time(s)
Frequency(Hz)
50 Return E(V) 15 2nd Scan Time(s) |1
Hold E(V) 05 Hold Time(s) 1
_Set“p_.—_
| OxdE(V) 1 Oxd.Time(s)
‘:W- WBW‘ Red E(V) Red Time(s)
——— Cycles 100
- Axis Type
lvs. Time f:}
| Cancel || Help |
Parameter setting window for | PAD
Par amet Range Description
Ilnitial -5-~5 The initial potenti al
lnitial 0. 05~ Durationpotfentniiali a( c
. and integrated for th
ti me(s)
Pealk) E 5-~5 Potential nik itad aPeak
15 t sci 0. 1~1 Potenti al scan time (
ti me(s)
Ret ur n 5~5 Potenti al i S Red aamrme &
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on d sci 0. 1~1 Scan time from peak B
time(s) sampled and integrate
Hol d E 5-~5 Hol d potenti al (const
Hol d Til 0. 05~ Hol d potenti al dur at
first 10 ms)

Ox d . E 5-~5 Oxi dation potential f
Ooxd. Ti o.05-~ Oxidati on ti me dur at
sampl ed
RedV) E 5-~5 Reduction potential f
Red. Ti 0.05~ Reduction ti me dur at
sampl ed
Cycles 5100. ( Number of cycles thrg

8. Stripping Voltammetry
81 Potentiostatic Stripping

Exper¥@ent pping

Vol tammetryYPotentiostatic

| Pot enti ost,atal cc ohtsrtiapnpti npgot ent i alaf dvéap @i tt ihe

species accumul ated at the el ectrodtwer rsantf.ace
I‘Potentiostatchtripping ? x|
~New Data File
FileNameH I w Browse
Comments l ‘ OCP(V) E
~Data Acquisition —— -Deposition Parameters
O Interval(s) Conditioning E(V) Conditioning T(s)
0.1 =
Deposition E(V) -0.1 vs. RE 84
® Frequency(Hz)
Deposition T(s) Quiet T(s)
2 Setup—T - Potentiostatic Stripping Parameters
i@? \ Stripping | mA [~
;qu{ ‘E Stripping Time s I+l
' [ZlUseStop  When Potential(V)> |2
AxisType ———
lvs. Time ‘T or Potential(V)<
| Cancel \\7 Help -
oOCP wi || di splay the curr@ptdabopepeci seaonhdp

Exper Pamreaammet er s
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Par amet el Rang Description

Conditivynl -10~1] Cleaning/conditioning

Conditiorf OO0 Cleaning potenti al du
saved

DeposiM)i ¢ -10~1 Deposition potCk.n3 + by
negative than the red

makes it easy to reducg
Depositio OO0 The time of the depos
Quiet Tim OO0 Waiting time between
Strippi ng¢ Constant current i s

el ectrode.

Stripping >0 the time of potenti os

Data Acquisition
|l Frequenocy (cHao)sen, theoaaotguilisecpoaadi fiaee. i n
Axi s Type:

When exlperi ment is perfor med, the data wil/
CorrView can be | ater used to display the dat

82 Linear Svtorl it ppmmreg r y

Exper¥Y®ent pping Voltamm&blryi&mmeeay Strippin
Linear Wdlrti gomrnesttdrnyi qu-eensi ai Wigy el ectrocher

el ement sl nanLalnyesairs .St ri pping, a const ahAtelpatt,en:
t he speci e®mnacec uemuelcattreodde surface are strippe
which is scanned from an initial potential t
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[ Linear Stripping

2 x|

- New Data File -
File Name || I Browse \
Comments | | ocPy) [ |
-Data Acquisition —— - Deposition Parameters
@® Frequency(Hz) Conditioning E(v Conditioning T(s)
.
Deposition E(V) |0.1 vs.RE  |+]
O Interval(mV) —
0.1 Deposition T(s) Quiet T(s)
Setup—— 1, - Linear Stripping Parameters
&R | LB || nibaicw v.RE ||
W\ = Final E(V) vs.RE ||
Scan Rate(mVis)
~Axis Type ————
lvs. Time z
OK | Cancel || Help
OCP will display the curr(@pttabpepeci seubndp

Par amet Range¢ Description
Conditiol -10~1 Cl eaning/ conditionin
EV)
Conditio ao Cleaning potential ¢
sampl ed.
DeposiMi -:10~1 Deposition potteRti0all
more negative than t
which makes it easy
i ons.
Depositi >0 The time of the depgqd
Ti me(s)
Qui et Ti >0 Waiting time after d
stripping
Il ni tM)al -10-~1 I ni ti al potenti al (1
Fina) E( -10-~1 Final potential i n g
Scan nR/@ts] 0. 01~ Scan rate in strippi
Deposition Parameters
Before t het heex pseurifreecnea of wol kangnegl bgttbds
step.
A constant potenti al depositomhestwepki sgaphp
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surface. This potentialfivean@fves . 9pReEci fied to ¢

The deposition time specifies how | ong the
the expergmeert €¢an beme ti me.
Linear Stripping Parameters

A potenti al icsaenv ebrea |l svpeeadpifs eldhosen, the spec
added to the open dvs ORME asi@loedagnn teixaa c to fp ottheen tcie
Data Acquisition

|l Frequency (ctao)sen, theoaaotusilisecpodi riaee. i n
Axi s Type

When the experiment is per

fo
CorrView can be | ater used to

r med, the dat a
di splay the dat

83 StaircasevoSttraimpmeitnmgyg

ExperiYy®ent pping VoltammetryYStaircase Strip
I n Staircase Stripping, a consAbdbhtheodbpadi
accumwlnahedel ectrode surface are stripped ou-
incremented from Initial E tdsmvamidl aFri ntad [Ei naet
Staircase stripping is considered to be a der

[ Staircase Stripping 2 x|
~New Data File =
File Name || I | Browse
Comments | f OCP(V)
~Data Acquisition ——, ~Deposition Parameters
O Interval(s) Conditioning E(V) Conditioning T(s)
! Deposition E(V) vs.RE |~

® Frequency(Hz)

Deposition T(s) Quiet T(s)

_ - Staircase Stripping Parameters

& | [ ] || eEw vs. RE -
ety Final E(V) o5 Jlvs.RE  [f]
W i =3 Inc. E(V)

- Axis Type Cydles
lvs. Time :. Step Period (s)
Sample width 10 ms
Powerfreq. period 1
K j, Cancel 1,7 Hé]p
OCP wi I I dusmipein tchecuit paopdat ealpeoflsfe bteh
i nstrument i s turnefNoaf fAvoati Hiadlwal ue wi | | di s
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Par amet e Range Description

Condi tivg -10~10 Cleaning/ conditioning

Conditio ao Cl eani ngd wroateinan;alt he
sampl ed.

DeposiMi -10~10 Deposition potlte Bt-ih®Ib &
negative than the red
makes it easy to redu

Deposi ti >0 The time of the depos

Ti me(s)

Qui et Ti >0 Waiting time after de

[ ni t\M)al -10~10 I nitial potenti al I n

Fina) E( -10~10 Final potenti al i n st

I nqV) E O0De. 0% I ncrement potential d

Cycl es 1~1000 The number of cycling

84 Sqgquavaer e s t\Woil ptpaimimgWs V)

ExperiYm&ntsppi ng Yol ¥menaneS trvyi Vpt pai fiinganSrvy)
Thi s i s an eSqearse ohwawd Mohlet ammetry techn
t SqguWaee Vol etxmmet r y tiA dienpcol sitdtesisa naodn

I n Square wave stri paisnguavrod twvaarwnee tsriyg n(aSlWSwi)

and frequency is superimposed on the working
met al i1 ons ddtagetri cmpaxidoublies created bet we:
t he octonstuar f ace. This capacitor is formed as a
When recording the current during the strippi
interfertheecurrent generated in the electrol
can reduce such interference by adding a cert
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.-Square Wave Stripping 2 X
-New Data File >
File Name || | | Browse ‘
Comments | | ocev) [ ]
-Data Acquisition ——, - Deposition Parameters
O Interval(s) Conditioning E(V) Conditioning T(s) |15 |
81 DeposiionE(v) (0.1 | [vs.RE  [+]
®F H
reqFM] Deposition T(s) Quiet T(s) 15|
20 -
Setup—— - Square Wave Stripping Parameters
3! | [ | || niaEw vs.RE  [+]
| e - vs.RE  |~|
| W rgl | | Inc. E(V) 0.004 Frequency(Hz) |15
~Axis Type ——— | Amplitude(V)
{ysTime = Sample width 10 ms
_ Powerfreq.period 1
| Cancel w - Help 7
OCP wi || di splay the currefutpdapen per ricfleictoh
instrument is turneiNoaf fAvaatiHialwal ue wi | | di s
Par amet er Range Description

Conditivgn -10~10 Cl eaning/ conditioning

Condition GO Cleaning potential du
sampl ed.

DeposiM)ig -10~10 Deposition potDeRdtihalb ¥
negative than the redo

makes it easy to reduc
Depositio >0 The time of the depos
Qui et Tim >0 Waiting time after dej
Il ni tM)al E -10~10 I ni ti al potenti al i n
Fina) E( -10~10 Final potenti al I n st
| noV) E 0O0D®. 05 I ncrement potential d

Ampl itudeg 0. 000.15| The amplitude of each

Frequencyl 1100, 00 The output frequency

Deposi i snmi Eabl e potenti al should be applied
el ectrode through a reduction reaction.

Deposititohne Tliomeger time deposhei mpre heavy met
the greater the current wil/l be during el ect
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be. Due to the I imited number of i1 ons in the
after a certain period of ti me.

|l nct Ee i ncrement potenti al of the base stair
value of the voltaglenwingln slguéhm 10 gwemi ergtalcyh d @ tma
the potenti al scan rate which has an i mpact
the greater the peak current will be, but t he
Ampl i:t usdeel ecti ng an appropriate amplitude carl
Qui et Thempurpose is to stabilize the tested
the disturbance and interference of other f ac

Data Acquisition
| FrequeHzr)y chosen, theoaogsisecpmpodi riaeed. i n
Axi s Type

When the experiment is per

f m the dat a
CorrView can be | ater used to

0 ed,
i splay the dat

o -

85 Differenttiralpp®intgaem&t r vy
Experiy@ent ppi ng WdlftfemmettryaY PtudisgpiVogt amme

[ Differential Pulse Voltammetry Stripping ? X
~New Data File -
File Name || | | Browse |
Comments | | ocr [ ]
- Data Acquisition —— - Deposition Parameters
O Interval(s) Conditioning E(V) Conditioning T(s) |15
0.1 Deposition E(V) vs.RE  |v
(O] Frequency(Hz)
- || Deposticn e Quiet T(s)
-Setup————————, ~ Stripping Parameters
= Initial E(V) v.RE [+
vl (= Final E(V) vs.RE [+
| ncEw 0.004| Amplitude(V) 0.05
- Axis Type Pulse Width(s)  |0.05 | Pulse Period(s)
lys:dime [~ Sample width 10 .
Powerfreq.period 1
Cancel || Help |
OCP wi I I di splay the curreutpdapen per ricfieictoh
instrument is turneiNoaf fAvaatiHialwal ue wi | | di s

Data Acquisition
|l Frequenicy (Hzgsen, theoaaoguesisecpoad riaead. i n
Axi s Type

When the experiment I's per

f m the dat a
CorrView can be | ater used to

or med,
di splay the dat
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Exper IYBernitpspi ng

VDIl ft faenmesn tr iy &1
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86 Nor mal tPruil psya Inf8ga mmet r y
Exper iYdntippi ng Wolrtmarmhmelturl s¥St Ya lptpd mmget r vy
[ Normal Pulse Voltammetry Stripping 2 x |
~-New Data File
File Name || | ] Browse ‘
Comments | |  ocPw [ ]
~Data Acquisition —— ~Deposition Parameters v-
O Interval(s) Conditioning E(V) Conditioning T(s)
G| Deposition E(V) vs.RE  [+]
® Frequency(Hz)
Deposition T(s) Quiet T(s)
Setup — ~ Stripping Parameters
&[] || mweew wre [
‘w*‘ ‘*B*l Final E(V) vs.RE |+
= Inc. E(V)
-Axis Type Pulse Width(s)
Lys:Time L= Pulse Period(s)
|| Sample width 10 ms
|| Powerfreq. period 1
Ok | cancel || Help |
OCP wi I | di splay the currefutpdapen pei ricfieictoh
instrument is turnefNoaf fAvaatiHiadlwal ue wi l |l di
Data Acquisition
|l Frequenicyy (Hezgsen, theoaogueisecpoaad Fiaead. i n
Axi s Type
When the experiment is performed, the data
CorrView can be | ater used to display the dat
87 Differenti alt MNiop\dahtgaPumester yS

Nor @afr i Ppi a¢g \
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| Differential Normal Pulse Voltammetry Stripping ? x|
~New Data File =
File Name | ] ’ Browse J
Comments | | ocPv) [ |
~Data Acquisition —— ~Deposition Parameters \
O Interval(s) Conditioning E(V) Conditioning T(s)
g Deposition E(V) vs.RE F]
® Frequency(Hz)
Deposition T(s 15 Quiet T(s 15
il o
- Setup—— ~ Stripping Parameters
@| [ & | Initial E(V) vs.RE |+
’W| ’F‘ Final E(V) vs.RE  |+]
= = || me e 0.004| Amplitude(V)
Axis Type 1stPulse Width(s) 2nd Pulse Width(s)
Ivs. Time |~]| | Pulse Period(s)
| Sample width 10 ms
|| Powerfreq. period 1
OK | Cancel || Help |

OCP wi || di spl acyi rtchue t c wrorteentp d @p enof e rt h & e otad
instrument is turnefNoaf fAvaatiHiadlwal ue wi l |l di ¢
Data Acquisition

|l Frequency (cHao)sen, theoaoguisecpeoadi fiaead. i n
Axi s Type

When the experiment is performed, the data
CorrView can be | ater used to display the dat
9. Impedance(EIS)

91 Potenti ofNtymituBsdEI S

Exper iYhenpteddance YPo(NymtyBossgteati ¢ EI S

Potenti omaastice Eilldpedance

f requencyNyrgaun gset

@ a o tBtmadien epd .0t
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IL Potentiostatic EIS (Nyquist, Bode) ? X
General  Analyzer
~New Data File
File Name Browse
Comments OCP(V) -0.00008
- Setup - ~ Polarization
e3 DC Potential(V) 0 vs.0CP |z
\v = AC Amplitude(mV) jO
| = Analyzer Setup —— Frequency Sweep
() High impedance Initial Freq(Hz) 100000
(| O Regular system Final Freq(Hz)  0.01
| () i —~ > 5 =
| Q) Lowimpedance () Linear © Logarithmic
Custom
| ° Points/Decade 10

OK Cancel Help

OCP will dodursp@gmty dihrecuit potenwipalatef pehe se
OCPuseffaurl the user to judge whedtohmpe deairec evotre&ks
Fil e Name

The user should enter a fil el hoaweta¢ m asnavVv @ n
clki cOKhe data wil!/l be savedefaadlotmadatabbyupda
setfidmgsa st offded @ ud &d upiaatlad®)o inRBrko wseand choose tt
path as you want.

CS Stwidilo aut omati calzl6g0 tdqg pae nFdo atmieexi asmupyinbeuuxt A .
At ut omhdne toH & itvhiel |d abteai s hr @0.1 a s

Pol ari zati on

DC pot:¢éhdeG adol ari zat i ont hwotreknitni ga ldeul acpcpt preoddden o @
test. | f ctored ukcht@eed es p e h s ¢chierecrutietr pfoOtog satnid® IR | e

I f you vesho@wOsCehhigie i nsvi hbumembappglay | YOLPD&E o f
pot eoxn hal wor ki ng el ectrode.

I f theetlest o aeaceapatedt oadl. 5(Vs wesh yassLEl aat
fivs.0 REMdAiO r ,5 0t the ni nstr ume t tmeowikliln gp oebl @drcibzieo d e t

AC ampliist utdlee @fmpt heuadé ectroeklemtaas$ coiFmped
exampl e, WMFOWOARS ini(gnali @2npW¥ort widiegddance sy:¢
amplitude is wusually set 20mV or 50 mV.- For
i mpedance system we suggest 5 mV.

Frequ&sweegp

Fr equencsyt &mtesiprtihtei al
ei tlhiennmtaogari t hmi c

If you choose | i neawi,l |dweea |nye adbuesttends mbeuct iiemlti ¢ |
frequeficgal freguénsymod®dualsley, epeeegmaeness f

Logariitshmhocst | y s eil migatt ead wioli ndebsa byp di st ri but e

t for feidqnezIn cfyaedq mebe pean

| ogar it hmi c .la xpiasr t(iBcoudlea rptloett)e ef sl 2whenb5 order
fi halkqgueorrcye xfamph e, f i eighirecondflyzt 6a®@zde andlounse:
point s, /tthetchaekea s ur edvi pbewvigesl y di stri buted betw
frequency, 70 points in total The users usue
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Hi gh 1 mpseudiatnacbel:e f or high 1 mpedance system s
Regul ar ssuyisttagbnh:e f or some ordinary systems
Low i mpegduwintcaebl e for | ow i mpedance systems,

battery

Custbobme usdpfustamhae bandwidth capacitance and
systems

Analyzer
JL Potentiostatic EIS (Nyquist, Bode) ? X

General Analyzer

-Current Range ~Bandwidth

Auto  Min High Freq Range iZmA "vﬂi Freq(Hz) Bandwidth
‘ f> 1000 |220F ||

‘ f= 10~1000  |100pF |=|

| f=< 10 |470pF  |m|

-Integration

Auto integration AC signal set

Integration time 1 s
Integration period 1

Delay Time © Auto () Manual 500 ms

Current range

The wussectucaant rangreanawmtld mat ildalsleyl ect A AU
mi ni mum current raagmemht ihée gobowe oqiisi¢,amlevgdge n t h
frequency is over l09bdlaédndel awaern tchuam edmAr ¢

The high frequency is def i f>&0d0 ObHk i tghhe fyrsearu.e
reg,i<dmz is | owefglyieod@® 00y Hz i s ndiedfdlilneeqdu etnoc yb er e

| fhe curve in high freqtumentclye riegeroncar wmdh
usmanual setting. For exampl e, i n above pict
2 mA$10 0 0)H,z e2A0f&l Blzand Hz-¥10M Hz

Becaubte i mpedance characteristics are diffe

frequenctyhcesiir ge ad s g ulsndyteb @ c cirndpirmgviceg méand cur acy.
Geneycadrlryenal ovanfiyeequenscnya ltdhetoriu & tol i doe f riketqglueency
currenits isnentp@ rl oyp Eih &t gpd wp p £ ar g e If n odhseer & mitgse

c h a nfgreedq u estr tel ywoi bl vii obues i hceu rsvee, t hen you shoul d
range I s suitable. You can observe signal amg
Bandwi dt h

Thehi gher t tceaepael eanedad ev anlatr rleoawmsdyww idlt Ih h g e
perforimanrdequewewpkenl | bwith és ti arpirloivteyd .

Bandwi dib &8s etdhesectr i t i elafil meerae pmefarheceqyudncy i s hi
fonor mab b yshihaud de a s maltluranéd thigt c af vaal iisdee i (mpre d a n c ¢
i high freguebBwety for hi gh matpyp e cdossuctiel Isantsim@myn h¥ v
to increase Tobhe hes xia liolfcasyirayeoru o b sseirgeneadt h & ude
t weaveform.
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|l nt egifameon

The i mpedance measuar &me n tnpa cevhgbdeanbgyn tie romat i on
can srettedrhaet ibegnh et innuembteors eocf olmddysslpeci fi es the t|
frequentTgeplbomgger the integration time i s, t
and the motdekti me it

Del ayi & hweae ritgi me bneet avselternetmean tf roédguency points

92 Potent E0@®tpdatiiomal freq.)

Exper iYhenpteddance Y Pq@®petnitd maslt aftriecq .El S

It also obtains the Nygquist and Bode plot. |
frequencies as you want to set, which i mprove
JL Potentiostatic EIS(Optional freq.) ? X

General  Analyzer

New Data File
File Mame Browse
Comments OCP(V) -0.00009
Setup ~ Polarization
ﬁ DC Potential(V) 0 vs.OCP |
W AC Amplitude(mV) 10
~Frequency Sweep
M. Freq.(Hz) 0
0
2 400
3 a =
4 0.04 1T
oK Cancel Help
o: Add the frequencies you want to test
o: Select a row and modify the frequency
e: Select a row and remove it
ﬂ: Clear all the set frequencies at a clic

93 Gavanostatic EI S

Exper iYhenpteslance Y Galvanostatic EI S

I n Galvanostatic EI'S a AC current excitat
measures the AC voltage with the change of
areas such as the battery, el ectrode dynami
Gavanost atuit qauiEclkoSmp | ex | mpefldanEESspsescpt omt e
bodmepedance analysis can provide sRemdbu-bhéor
| ayer ¢ a(placg dlawntcieoR$) ,r edsyisaminccse i(nf or mati on.
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JL Galvanostatic EIS ? X
‘General  Analyzer
~New Data File
File Name Browse
Comments OCP(V) -0.00007
- Setup - Polarization
@ DC current 0 mA o
W ] AC current 200 mA v
~Frequency Sweep
Initial Freq(Hz) 1000
Final Freq(Hz) 0.01

() Linear © Logarithmic
Points/Decade 10
OK ‘Cancel Help
DC curTlretpol arization DC current applied o
AC curtrheentampl i tude of theFAC exlepBsS)eRACI t
means the amplitude i s 50mA
94 Galvanostatic EI'S (Optional freq.)
Exper iYhenpteslance Y Galvanostatic EI'S (Optior
I n this techniqgue, the EIS test i's conducte
i mproves test efficiency.
JL Galvanostatic EIS(Optional freq.) ? X
‘General  Analyzer
New Data File
File Name | Browse
Comments OCP(V) -0.00008
Setup ~ Polarization
=S| DC current 0 mA v
ws B AL current 200 ma -
~Frequency Sweep
Ma. Freq.(Hz) | 0
1 625
o
2 244
3 95 °
4 37 1
5 14
] ]
OK Cancel Help
0: Add the frequencies you want to test
o: Select a row and modify the frequency
e: Select a row and remove it
ﬂ: Clear all the set frequencies at a clic
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95 MotStchott ky

Exper Ymé mps dMmiSte Not t ky

't i s toi dioedpdorbtaat zatsiumm ep otae r ti.ixle®d pfoteeqruteine
steppeidniftrioalm potenti al to final.MwpdStcehnottitakly wpi
i's widely used tocéthbuadygyodoehesasemnsd dhneatanx!|f od unr f &
It da&mhm er md anretr yt,@heex arorniceernt r at i o np aatnadn ttiheael f | at b

When the passivat i omntdhskpma cceo mcht haprabgse i tvhaet 9 soonl u
depl,ettehde he i ®1 | orweilnagt ifloisnmm@Badd@  char ges}y c amalc ittha
measuredVmvol t age

C;f # Vi — Ve —k—T n-type semiconductor (1)
eNuceo A’ e
C?: = _72 Vin—Vp + k—T p-type semiconductor (2)
¥ eNaggod” e

Whertet'b s Vil at bamddaqi)ueh(ﬂamrtn iaé r, dvothocnaomrtdr aoicjc @ p t

respchiskzereIatlkdlesptemerpletratmw,ﬁmhye, el ectrode s
ki s Bolt amains caolmsdlanttel st gtonpee realteycrterfi ¢ char ge.

The passivatiohayed msthrmasctaudeubDee to the d

structure of the inner and outer | ayers of t|

and outer | ayers are alago odi foffertevot ,s praecsu Icthia

passivation film, namely the space charge | ay

junction capacitance at the inner/outer | ayert

andcapaci tdmeg,uemicygh si ne wavMseiSehem¢g&ger ainé g
JL Mott-Schottky ? X

General  Analyzer

~New Data File

File Name | Browse
Comments OCP(V) -0.00007
~Setup—————— _Ppolarization

= CS] Frequency(Hz) 100000 l

W B AC Amplitude(mV) 10
-Analyzer Setup —— - Potential Parameters

O High impedance Initial E(V) 05 |vs.OCP -

() Regular system Final E(V) 05 ‘m

() Low impedance

Inc. E(V) 0.01
© Custom E—
OK Cancel Help
OCP wi I | di splay the actual opwemdeatia cpuert e
This is particularly wuseful for the wusfear to

i mpedance test.

Pol arizati on

Freqguenfcryequency of sine wave

AC Amplsipteucdief i es amplitude of sine wave

-74-



yllh----- CORRTEST

Instruments

Potenti al Par ameters

| ni EimHe IDRi pbaenti al applied on the working
Fi nEals ftihbe€l potenti al applied on the working
| nci. sl Ee pot entRatl e nitmcareemeaantt.ed wi t h. the form

96 Potentiost at@icn gElleS fvrse dlr.i me

Exper iYhenptesdance Y PotTRin&®i ;sgtl et ifa efHl.S vs
It mettalserei ngle frequencygfimpedapstemharaat
under AC potent ilaslt uedxiceist atth eo ndoybn agnmi atkss,psry®sctedsns a
conductivity, corrosion rate.
I Potentiostatic EIS vs. Time (Single freq.) ? X

General  Analyzer

-New Data File
File Name Browse
Comments OCP(V) -0.00007
~Setup——————— - Polarization
(=S| DC Potential(V) 0 [vs.ocP  [g]
W B AC Amplitude(mV) 10
-Analyzer Setup -Time Scan
() High impedance Frequency(Hz) 100000
() Regular system Interval(s) 1
() Low impedance Total Time(s) 1000
© Custom =
|| Corrosion rate calculation
OK Cancel Help
OCP wi || di splay the current oppdaterpertse
Thipai si culfaorrl yt hues eufswelr t o judge whedhmepre dtame ev

test.

Pol arizati on

DC potiesmmlDeiCalpol ari zatti hmao r x o h @ ndedl railomgpemddaen c e t e
AC ampliist ude afmptlhda uadleect r oexheinti atasll on mpiegrmalc

Ti me Scan

| fmpedanTe enev $.caqguoefncsyi ne wave i s constant.
| nt e-riwvnaler val f-forre geuaecnhc ys inmegalseur i ng poi nt .
Tot al-t hemeot al ti me of measurement.
Corrosion rate calculati on
Check this option, the software wil/ cal cul
curve after the test. The user needs to inp
the electrelytisetoembmlgt enti ng, such as surfac
equivalent, temperatur e, and Sterm coefficie
activation system, 52 mV for the passivation
system, amd kmd im\é fsoyrst em. Reasonable value i
Corrosion rate is calculated according:
| coTr
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Wheaxoi$d the corrosiomrcurrent rat e, uni t [
B i Stterem coef ficient,
Ris the i mpBHe&mce, unit is

MPY cslA/2dmhemi cal equi3®a8l &rftmd ¢ g &m)y 3 & 52c4m
' 36000 968PO(C/ mol) :

mm/ a = 3MP.Y37( mil / mm).

97 Gal vanostatic EI'S vs. Time (Single freq.)

Exper iYhenptesd aGalev ¥nostait mi nEgllJe visr eq.

It metlerei ngle frequencygfimpedapstemharaat
under AC current sexdi eatitbe soyfgoasadme pyywatedhns a
conductivity, corrosion rate.

I Galvanostatic EIS vs. Time (Single freq.) ? X

General  Analyzer

~New Data File
File Name Browse
Comments OCP(V) -0.00008
-Setup————— - Polarization
@ DC current 0 [mA - i
W ] AC current 50 { mA —:‘
-Time Scan
Frequency(Hz) 10000
Interval(s) 1 !
Total Time(s) 1000
[_] Corrosion rate calculation
OK Cancel Help

DCcurriesthbeC pol ari zat hwonr kciunrgr dedltei omgrecddaen ce t e st
AC cuisemnthe afmptlhda ualeect r oexheimi atasll on mpiegmallc e
Ti me Scan

| fmpedanTe enev $.caqguoefncsyi ne wave i s constant.
| nt e-riwvndler val fforre geuaecnhc ys immegalseur i ng poi nt .
Tot al-t hemeotal time of measurement.

10. Battery Test
10,1 Battery Charge/ Di scharge

ExperYm8atsery testY Battery Charge/ Dischar
Iti s used to test dher adtagrgies tainds do fs crheaa lgar g ¢
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v Battery Charge/Discharge ? X
~New Data File
File Name Browse
Comments OCP(V) -0.00007
-Data Acquisition ——, ~Experiment Parameters
‘ O Interval(s) Charge Current(mA) 200
0.01 E Threshold for C-V Conv.(V) 1.36
o Frequency(Hz) Trickle Current(mA) @
100 Charge Time 10 } min -
~Setup—— Discharge Current(mA) -100
@ Discharge E Threshold (V) 1.1
W B ("] Enable trickle current(mA) 20
Quiet T(s) 1
Axis Type | Discharge Time 10 | min q
E+ vs. Time =1 | cycles 1
OK Cancel Help

Exper pmeamet er s
Charcgrer eCotn:ne &WE 8 h e iagnaotdoes n d ot he RE &c £tEhidafobeg et
t he iQCoPs i,theamepositive value perndceeesisnng means ch

E-Thr eshodv/d Coiosvh € v o¢ tcehqaeg gweh process i s change
mode to constadoptmabl yhgeemod g. stbaige aat char e
mod@ncene battery vol Eabeesvbdhdagheeorn ivitetranm sltttlan re t

voltage mode.,t e dctharsgenoamemnrent wi | | graduall
t o ttrhiec k| e( ucsuurarleiyd %4 00%% t he charge current), t
stopamg

Char ge tThiemedur ati on of charge
Di schar ge€onwmre®En th h & iagnagtdosa nd ot he RE &c &€tEha dg e
i f he iQCoPs i,th eane gavdlviee entekichaggme@npgr ocess.

Di scharge :Butidngshat gahepnr otcheessvol t age drops t
the battery will stop discharge.

Check then Enable trickle current then dur |
drops to this trickle current value the soft\
Qui et-itti mgpeci fies the i ntitgo vdil sndih®&mp athreckesry at
open duirricnugi tt hi s ti me.

Di schar-gvaeeni mbe dischargehei mpecsfredchhdesh
been reached yet, the discharge process wil/|l

Cyclteescompl ete cycl &di sachadgsng phacgésag Thi s
total number of cycl eéetnine onwgreoeanth Gtthee eexxppeerriim
be stopped.

102 Gal vanostatic Clk&Dge/ Di scharge

ExperiYym8atsery testY GalvaegE®)atic Charge/ L

't measur eslicychlairogec hcahrageact er il c b saofsében
attery or supercapadetronla ebadicttdadte copactl @enil alf
he el ectrode materi al
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Galvanostatic Charge/Discharge(GCD) ? X
- New Data File
File Name GCD| Browse
Comments OCP(V) 0.00000
~Data Acquisition ——  -Experiment Parameters
O Interval(s) Chargel 1 Dischargel -1 mA i ‘
0.01 ("] First discharge
O Frequency(Hz) Charge Discharge Switch
30 () BasedonTime Charge Time 100
Discharge Time 100
- Setup © BasedonE When potential(V)> 4.5 ,switch to discharge
@ When potential(V)< 0.8 ,switch to charge
W B () Based ontime and E {vs. RE -
| quietTme 0 s x| Cydes 5000
- Axis Type - Capacity Calculation
E+lvs. Time v © specific capacitance(F/g)  mass of active material(mg) 1
() specific capacity(mAh/g) remain GCD curve
excl the first cycle

OK Cancel Help
Experi ment parameters
Chaelg i f the WE alligatovatopneodms gte® . anode,
Di scélairfg t he WE alligator walhne ddtiessaattsa ragreond e,

Fi rst diDsecfhaaurlge:i s charge first | gainsdt htahregne eirt ¢
di scharge firstly.

Charge [/ Dischare switch
Bas e dli me

It specifies the dur andliosnc IObfaat@de sprihdiaseyggrdo f ¢
anidt twurld t o di schtairige (rcd ad fyedurr iatt i dodniees c A ac g c |l
is finished. lepr wc essgagabnt he charg

Based on E

The user should set the turning point volta
di scharge stops and charge begins.

Basedliome and E

Whenté@er condition is mewi$Wihtechc.charge/ di sc'l
Cycdaescompl ete cycle includes a charge and a
of cygohedgchtreodughout the exper meenth.e Whxepne rti hmesr
stopped.

Qui et thiemeée mtee weains chargeDandndi sbbeheggbatt d
i's under opemnndai rtchueirte sitsatneo pol ari zation fro
there Iis no wait time between charge and di s
Capacity calculation
Mass of acti weoumastheruilal ent er the mass of a
parameter for capacity calculation.

Specf i ¢ c alpmeccictbapnecceitoyu s houl d choose either o
relevant dataatmlehe saved .dat
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Speci fic capacitance is calculated accordin
| Dx
C=——_
mDV

Wh e,rlei s charging(di &dchar gecihmhgcya ogit mg@yiti $ i me
chardic®hg(ging) potential differPlhemrgtten im carx
be 0, otherwise the software will give an er:i

Through many times of cyclicgclhiefessupbeatemér, y jv
capaci.Byr sbastec vi nghavrhgitrhge r an d ed rssycnmnaectgrive g c a o
judge whether chatrlge ngl eaantdr @é¢ sehiacagle, reacti on

Chadgeschargdh)efifsi ciad cauy ated according to:

h:%3100%

ch

When change current —=—dp®aaHarge current,

Wh e CenCaiiss t he charging capacitance and disc
Dtgitcni dichhargi ng and char hi€ryg atriemea,i srpd sap/eeadt iowu

On the testing winder, the specific capaci!
find the relevant data in the saved .dat dat e
Excl . theTHiig sits cyltcdeked as defaul't
Remain GChfdwnmrvehecking it, the efficiency ¢

103 Potentiostatic charge and discharge (PCD)

ExperiYymB8atsery testY Potentiostatc Charge/ L
This technigue aims to checking the charge

the service |life of the battery.

Potentiostatic Charge/Discharge(PCD) ? X
-New Data File
File Name PCD Browse
Comments OCP(V) 0.00000
~-Data Acquisition —— - Experiment Parameters
O Interval(s) Charge E(V) 2 Discharge E(V) 0.8 [vsA RE =

0.05 ("] First discharge

O Frequency(Hz)

~Charge /Discharge Switch

20 () Based on Time Charge Time 100
Discharge Time 100
~Setup—— © Basedon charge,when [I(mA)| < 0.1 switch to discharge
E discharge when |I(mA)| < 0.1 switch to charge
= () Based on time and |
A A= .
QuietTime 0 s ~| Cycles 5000
— ) e
- Axis Type - Capacity Calculation
lvs. Time = specific capacitance(F/g)  mass of active material(mg) ;17
specific capacity(mAh/g) remain GCD curve

excl.the first cycle

oK Cancel Help
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Experi ment parameters
Charege&vgharge under a constant voltage.

Di scéE(rvVgdt scharge under a constant voltage.

Fi rst diDsedhaaurlge:i s charge first | gainsdd ht ehregne @ rt ¢
di scharge firstly.

Charge / discharge switch
Based oYoudianen set the time for each proces
charge to discharge or from discharge state t
BasedWbenabbéutecuareatacmeetd Drtiomevi t ch, it
di fferent process.
Basedliiome and E
Whenté@er condition is mewi$Wihtechc.charge/ di sc'l

Qui ett heme bteé¢ mdeiedncsh aadlgeer ge. Durtriimigge thaet ged eti

open ciyrcand shete i s no polarization from t
CycleAdS cycle includes a charge and -di scharge
process reaches this nubnegbredd you set, the who
Capacity calculation

Speci fic capaccd@pmraett acnhde ckp eacsi fdiecf aul t. Afte
related calculation result in the data .dat
104 Potentiostatic Intermittent Titration Tec

Exper Ymé&at s ero/t dretsitofstPat i c I ntermittent Tit

PI'TT techniques is used to test the charge
i odni ffusion coefficient iIis further obtained,
reacti on.
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v Potentiostatic Intermittent Titration Technique ? X
~New Data File
File Name Pitt Browse
Comments OCP(V) 0.00000
~Data Acquisition —— -Experiment Parameters
O Interval(s) Initial E(V) 0.005 {VS. OCP A
01 Final E(V) 42 vs.RE =
© Frequency(Hz)
Step size (mV) 5
10
Max. Pulse time 12 h 5
Setup o —
e Max. Resttime 6 h s
W = - Experiment Termination
= [] Stop Pulse,|Current|< 0.01 A
- Axis Type .| (] Stop Pulse, |dl/dT|=< 1 mA/s
[Evivs. Time (o] | () giop Rest [aviaT< o
oK Cancel Help

Experi ment parameters

Step tdhiezepotenti al di fference of two adjacent
initial E is higher than the final E, means
means under charge.

Ma xP u Itsienfeu:l se potenti al maxi mum hol ding ti me
MaxRest Mamemum Rest time. During Rest, there

and the battery is under OCP.
Experiment termination

Stop Pulse, TikKerweet|can check the Enable bo
| ower than the set value, then pulse will be
St op Pul se, T|hekl /usTelr can check the Enabl e box
change per wunit time is |less than the set val
Sop Rest, [TheVud€f can check the Enabl e box.
change per wunit time is |less than the set val
105 Gal vanostatic Intermittent Titration Tech

ExperiYym8atsery testY Galvanostatic I ntermit

-81-



...,,”ﬂll"----- CORRTEST

Instruments
'~ Galvanostatic Intermittent Titration Technique ? X
- New Data File
File Name GITT Browse
Comments OCP(V) 0.00000
-Data Acquisition —— - Experiment Parameters
O Interval(s) Charge | 05 m
0.1 Discharge | -05 mA -
© Frequency(Hz) Cycles 1 (] First discharge
10 Max. Pulse time 30 imin [«
~Setup——— Max. Resttime 1 ’h—q
@ .~Charge /Discharge Switch
W =] When potential(V)> 3.5 ,Switch to discharge
When potential(V)< 0.8 ,switch to charge
~Axis Type ——— - Experiment Termination
[Evtvs.Time [x] " Stop test, 45 v
("] Stop Pulse, |dV/dT|= 50 mVis
| Stop Rest, |dV/dT|< 10 mvis
OK Cancel Help
Experi ment parameter s
Chargd It:the WE alligator connects to the anoc
Di schardgd Ithe WE alligator connects to the a
Fi rst di skEihmstgecharge is the ddefaul di seharge.
Cycl etshe number of the cycles. A complete cy
Ma x . Pultshee tmamxei:mum hol ding time of each pul ¢

MaxRest thenemaxi mum holding time of each rest
Charge/ Di scharge Switch
The user can set the condition for charge ar
Experi ment termination

St op Ttheestuiser can check the Enable box. When
hi gher than the set value, the test will st oj
St op Pluhleseuwuser can check the Enable box. When
per unit time is |l ess than the set value, t he
Stop Reestuser can check the Enable box. When
per unit time is | ess than the set valwue, t he

11. Corrosion Test
111 Open Circuit Potenti al (OCP)
Pl eas3el see

112 Potentiodynamic(Tafel, LPR)
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Pl eas3ed4 see

113 Linear polarization curve (LPR)
Ph eas@& 1see

114 Potentiostatic EI S(Nyquist, Bode)
Ph eas® 1see

115 Mo tStchott ky

Ph eas® 5see

116 Potenti-oytatic (I

Pheas® 2see

11.7 El ectrochemical Noi se ( ECN)

Exper Y@entsesion testYElectrochemical Noise

This method is mainly used to monitor nois
curoengal vanic current) atsi marf umetsetn. of t i me

The ECN is differenh ifthaeimsonbdbthepcsltatcidnathiucers.

noi se/ galvanic current measurement, t he work
WE al kwhat eofs etnltsee el ectrode cadleet ramde wornlsir
to theamp @GNR al,|l iagnadt otrhe reference el ectrode
alligator.

To RE clip(Yellow)

Ref. electrode\

To WE clip( Green) sT To GND clip(Black)

L Salt bridge

WEL < twe2
e
Pleased hrhicch et r sene a8 g you shoul di &MEo moe efi Vif rc
ECN test.
WE mode
D virtual
() Real
Run CSheStudi o seolfeswtarel ectrochemical noi se (
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Electrochemical Noise (ECN) ? X
~New Data File N
File Name Browse \Voltage(V) -7.24E-5
Comments Current(mA) 1.23E-5
~Data Acquisition ——, ~Parameters
O Interval(s) Total Time 200 D
0.1
© Frequency(Hz)
10 |
- Setup
a2
e
~AxisType ————
oK ~Cancel  Help
Vol tdigepl ayed in the software dialog box is t
Currest the galvanic current. I f the current
el ectrode ( connte cstgsn sveedahd oWdEh ea | Wo glait g ( gal

with GND al ldieg althcer )c sif s @ecma te iif e eolwe @wtdreo d e
118 El ectrostripping/ Deposition

ExperiY@entsession testY Electrochemical Strinp
Aconstant pol araipzpddineodnh eo owermkiimg dalsectr ode,
as a function of ti me. The user can set a pc
experi ment
‘-E|ectrochemica|Stripping/Deposition ? x|
~New Data File
File Name “ | ‘ Browse ‘
Commentsl | OCP(V) :]
~Data Acquisition —— ~Experiment Parameters
O Interval(s) Applied Potential(V) lvs.OCP  |+]
. Total Time :s B

@® Frequency(Hz)

~ Experiment Termination

~ Setup——

[ | | O Disable Quiet T(s) 100
!g ‘_*’ Current sampling intv.(ms)
’E‘ \E' O Usel When I(mA)> 250
. ) ' or I(mA)<
F‘.\t:sxnp: -]| | O BaseonpiDt When DilDt (A/s)>

OK Cancel '!_Help |
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Experi ment Parameters
Applpoctdenti aheVpotential applied tbdetch e omd asnt

wor kstation, i f t he .@PCIParhieweadg d toinvep avtaalhuheo d i ¢
pol ar iampgplbsohj meaamd diiec pol ari zation. The wuser
REO

Tot al-ybumean dpeadff gpnadtheent i ostatic pol ari zat
Experi ment Ter minati on
Uselfi the used sdttckhetquiet ti md hand odi ul wrae re

automatically terminate potentiostatic pol ar.i
the specified higher value (anodic current) o
Basedi/ ®hhB® pwogtamutomatically terminate pot
Di/ Dthiigshlran t he set value.

Di salhhe: experiment will not be terminated ti

119 El ectrof®Plbéemine aloki net(iEPRReacti vation

ExperiY@entssion t estPYEleendtirokd hneemiiccalReact i v.

This techni gueevcanu abtee aspupsicieepdt itha hi t y tt @ ainr
eval bgdirgdcti vati on peak cur  etoltrd Qg&tcitd vati on

v Electrochemical Potentiokinetic Reactivation (EPR) ? X

* ~New Data File

File Name EPR| Browse
Comments OCP(V) 0.00000
-Data Acquisition ——, ~Experiment Parameters
© Frequency(Hz) Initial E(V) 0.1 {vs_ OCP v}
10 —
Final E(V) 0.1 s.ocP []
Interval{mV) %
o Sleeping Time 0 s ]
[) Polarization Off during sleeping
~ Setup .
= Forward scan 05 | mvis ]
Reverse scan 1 } mVis vj
LA
Cycles 1
- Axis Type
|Evs. Logi q
OK Cancel Help

Parameéeet sng

Il niti al FB/rkiamal sE/an cramttee/ Rleov®es s er sfer to the
tech®ogea@ti odynami c.

Sl eepi ntghelitmeneer v al bet ween forward scan and

Cycl eBhenalmber OoAff tceyrc ltehse. t ot al cycles is met
comptetleeompoosed of a forward scan and a reve:

11.10Cycl i ¢ pol arization Curve (CPP)
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Exper Y@entssi Gynclktiest Yol ari zation Curve(CPP)

v Cyclic Polarization Curve(CPP) ? X

-New Data File

File Name Browse
Comments OCP(V) -0.00008
-Data Acquisition —— -Experiment Parameters
© Frequency(Hz) Initial E(V) 0.1 ]vs.ocp =
20 Final E(V) 0.1 vs.OCP |»
Interval(mV) Scan Rate 0.5 mvis -
05
] When I(mA)= 20 Constant potential
- Setup i
|| When I(mA)= -20 Constant potential
== Potentiostatic(V) 0 -
e || kepime w0 [
- Axis Type 8 Return E(V) 0.2 ’vs.OCP v‘
@} Reverse scanrate 1 mVis -
OK Cancel Help
Il ni ti al E, f iynoaul cEanamnrde fsecrant or actoenit ent s i n p

Condition to apply a constant potentiostat:
| ¥ ou cWheechfmA) >, i t means when t het kbseertr emal uies,

instrument wil | apmley uartbersvahtuepandptlostani
pot e®i mal yroluy ,cWhedd{kn A) <, the instrument will ap
wheme tcuid newelra hseet .val ue

| f yd@u cdhoonose any condition, it wil./ not pr

Potentiiofstymwauwcset vs. Me a s, the potenti al
instantaneous potenti al when potentiodynamic
potentiostatic. I f vs. OCP, the pdteheéeise¢tthe
I f vs. RE, the potential the instrument appl)

Keep tihmeduration of the constant potenti al
Ret (Erthhe reverse scan potenti al
Reverse sbanscanerate from Einal potenti al

12. Bipotentiostat
121 Hydrogen DifbPTDsion Test (H

Exper YmBattesnt i ost at VY HyessH®dén di ffusi on

Hy dr ogen dirfefqwsircemr taesptot enti ost at with at
mod el CS2350M/ CS2150M are typically wused. A
should set floating for the bipotentiostat ir
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CS23s0oM

[e} Q LL )

M e ocr A r PR A O IEARA T 109 1EG A T AT CM A CIIEARTINEE AT B
L& CS Studio6 [Model:C5235 92.168.0.7:10271,.5N:C52350M23081420
Setup [_Channels | Batch Experiments  Windows  Help
SOoDEEERE2TE2 0

2 Channel: 1[Model: C$2350M in 192.168.0.7:1027

B A [Cloom eas @

[CINo. Name Description File

Add ? X

© Experiment |Hydrogen Diffusion Test (HDT)

¢ .. Galvanostatic Intermittent Titration Technique

- Corrosion test

Open Circuit Potential(OCP)

.. Potentiodynamic (Tafel, LPR)

.. Linear Polarization curve(LPR)

.. Potentiostatic EIS (Nyquist, Bode)
Mot-Schottky

.. Potentiostatic (i-t)

- Electrochemical Noise (ECN)

.. Electrochemical Stripping/D

Electrochemical Potentiokinetic Reactivation (EPR
Cyclic Polarization Curve(CPP)

- Bipotentiostat

I ... Hydrogen Diffusion Test (HDT)

.. Rotating ring-disk electrode (RRDE)
Faradair Fffiriancu tactFF

() Instruction

HydrogdmsDh ¢ HDT ¢ g uaisreels-cellwh i c h
cet heraset sof

consi.f§bpgaadh t w

gcofuenrt en g ee h g sthesdtreéwor ki ngwheilicshct r o

usually a thin mbaeAno dded dceeel Ipuits connected to
the front panel of bipotentiostat). Cathode ¢
The wiring chinpeteéwibtnoeH lat hies as foll ows:
The green WE and white SENSE should al ways
N BIPOTENTIOSTAT '
channel 2 channel 1
CEIl REII WEII WEI REI CEI
T T 7 T 7T 3
I

<2

=

v
|

- ey AR

cathode cell anhode cell

' = H-e > H'
NaOH

H'+e > H
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Hydrogen Diffusion Test (HDT) ? X
~New Data File
File Name Hydrogen diffusion Browse
Comments ~ ocPw ooooo [
-Data Acquisition —— - Hydrogen Atom Oxidation
O Interval(s) Potential(y) 0.1 Vs.RE =
‘| B
© Frequency(Hz) -Hydrogen lons Reduction
1 Residual I(pA) < 2 Start hydrogen Charge
-Setup—————— | PeakCurrent -0.1 Time 10
Main Slave Valley Current 0.1 Time 10
i/ o Current Unit EmA - | Time Unit Ih ﬂ
-AxisType —— Cycles 3
‘Ivs. Time by
OK Cancel Help

Hydrogen Atoms Oxidation (channel #1)

Pot entitianh dmwgde cel |l , bi potentiostat ocnhla@nel
wor ki ng adlheec thryaldeo gen sdauwreTens madsteeet wahki ng el
(met al pl ate) under anodi c pestoartihzaatt ihoynd.r oAg epr
be oxidized to ions.

The anodic cudraematawc hlhleg de@lgii mee mag,tnathdl leem e s |
Hydrogen Il ons Reduction (channel #2)

Resi duaWwheln taftarresnitdus | owetrhieh & hauhtedinet£2e t
starts galvanost at i € ohpyadiraorgiezna tcihoarr giim gc.at hode
At the bDéei maimgchlaameiell |# fjigosttdnyt i ost ati c
making the hydr ogfeuwnldliajt foursse inttch et hmetadi dati or
takes al opfg d&toirmawvlhyeyn t he resi dual eAluamehnrte sihso Il
of resi du@&ctomrairdewmyaddr ,otgheant at o mpeael imb etttk il e z & Id .
Hydrogen charging curcenthedtat hesvibéeh @sgiema It lhye
mi nutes Ildatmgr ohdeé hen mat er i alt haen da ntohd icck nceusrsr eon

the main channel wi | | Kkiensqr eelalsged rga spedru ad 8 wdnsa ndl
reach the oppositeamexdaei gagfedt he® Mmetranl aammdi ¢ cu
Peak cutrhrenctconstant current appli edtiomerntihreg w
hydrogen charging stage. 't should be a nega
to atoms which diffuse to opposite side in ar
Val |l ey ®Adntreentt:he time of Peak current pol ar
applied foimal pertdéd afnegative value, me ans
a positive value, then it consumes hydrogen ¢
Cycliets:specifies the total number of <cycl es

under peak current and hydrogen charging vall

Mai n/ S| ave settings
For bipottlteevticrbaiomiefls | alvadsneetlt i ngs can be sa

-88-



\Il"----- CORRTEST

Instruments

Pl easefilhoa tSBanogudrod e .

122 Rot at i «igs k

El eRDE)ode (R

Exper iYnBepnottsent i ost ait-diys lRo¢lae ¢ tnygode ( RRDE)

CS2MIOpot enctaln®e su e d

Di wilor ke lnegc & nrdidveg r kd Inegc & rtewdoe
asnldo v b digb eadlli If d & r ent
reacptrioodurdt s &anr r irvieng nefl drutrt @ d e x

RRD&Eyssbmulcd nin e abthisgido t e n.t |1 Tolsd attdoanrist eblke

concentrizil =k

with aogn dRIRIDE rextpatro rmetn
I ndepekidegtien ect
pol ari z @&taiton
S eamdeitlmet t e d .

potent

di fferendiea ibréitnuge.e n

CS2350 Bipotentiostat

channel 1

Ot )
(ntialt

Q)
n
r/ tru"erl/
[/ ]
g\

i 3 |

Disk [ ‘T

channel 2

!

Ring/Disk «

»

CE

Counter
4‘__4-‘
Reference

)
=

The main channelt(hcchbmmoe-btt B éaddpt mode
CE alliganaetketthiceodu)nt er el ectrode

RE al | i gactoonrsteywedtlel owe)f er ence el ectrode
Gr eWm&whi t e SENScE narl ebajtet ebihhder s k

The shavweel (ahadoph®@&éectrode mode
CEal | i g actoonrn(tercetdshh@o s mtmerct r od e

REal |l i gatoof(pgmetitsawldeof etrheence el ectr ode

Gr eWEBm&whi t e

Th e

r e d watehde omwii ng
by
For RRDE

di fference

S E N ScEo narl ebaytet sbhheer

i nt er mesieanteadapg remd u poolmir $ E atwvi b h

test,
i nt er medi #&dtee nptrioodduycnsa. mu scu atl el sytt bdindkuacntde dt hoen
betiveesmrtr itmg baend dionkst ant

ring

be
pot e@Quriragntdidnrd etrleencrei ng

furtt

t he i s

sl aveckbaaneaekl #2)

di sk maoi nd tevthaer ckti r
p o

ue.

t he i's the

v al

There are two gr oupsatopondeafEdpd ado npeatiasomtr ea t p
(lyon the disk (m&li)h. chmernedc dchamiped g nitfsiat ddE) |
and theooaut hehamihemgpne! #R2channel
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7 X
~New Data File
File Name rrde Browse
Comments OCP(V) 0.00000 |
~Data Acquisition —, - Disk electrode scan parameters
0 EEasaoni) Initial E(V) -0.1 vs. RE &
10
() Interval{mV) L) Use @3
05 (] Use 0.1
-Setupii Final E(V) 0.1
Main Slave
: Scan Rate 0.5 Vi 4
—n 05 [me
i_ Axis Type 7 Ring electrode polarization :
Potential(V) 0.1 vs.Disk Electro¢ |»
48
OK Cance|r Help
Di sk electrode scan parameters
Si mitlpatrent i odynmpati cdsgaeamdent
el ectrode.
Ring electrode polarization
Potedpaolaari zati on potent ikell eccftwiradnegt
Mai n/ S|l ave
For Dbi poytosueteido gtoatd,o settings for
123 Faradaic Efficiency(FE)
Exper iYnBpnottsent i ostat Y Faradaic
Faradaic efficiency (FE) i's the
utilization efficiency of energy
in electrocatalytic reactions.

;_Rotating ring-disk electrode (RRDE)
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channel 2 /___—-—A\T‘trmlgl/
52350 Bipotentiostat

channel 1 CE

D Reference

Cell

To do the Faradaic efficiency test, you wil
The wiring is shown in above diagr am.

Channel :1¢ma&i vpr Ki n gs(eWEetcStEyboSdnert eadytéttioly e theer d i
the reference electrode (RE) and CE alligat

Channel :2welr&avey elseWE+ SHNS ahkwioeatohcetrrhe ri ng
RE al lcioghamtea@anr she reference el eccotnrndedoet,s haen do ttt
counter electrode.

A constant current i s added on the disk fo
voltage is applied on the ring for the ORR
can be calculated based on tlhecdiiskn cudrfrien
di sk and ring electrodes.
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13. Misc. Techniques

cpasenti reegeswiwti ¢lehi dagt a

butt onfsl. o d\toitreg t hat t

v Faradaic Efficiency test(FE) ? X
~New Data File
File Name Browse
Comments ocpy) -0.00007 [
~Data Acquisition ——, -Induction period
O Interval(s) Currrent(Main) 0 pA -
0.1
Potential(V)(Slave) 0 vs. RE v
(o) Frequency(Hz)
Time 20 E -
10 !
! ~Electrolysis period
RERE Currrent(Main) 300 pA -
Main Slave Potential(V)(Slave) 0.4 vs.RE -
N7 cen Time 80 s -
~ Axis Type -Relaxation period
Currrent(Main) 300 UA -
Potential(V)(Slave) 02 vs. RE -
Time 0 s i
OK Cancel Help
can set the
"Main" and " Sl ave'
Noi se

1331 El ectr oche(mEN)a l

Pl
13.2 E |

M

easlke 7see

ectrochemi

easH &ee

c

a l

Stripping/ Deposition

133 El ectro®Ploéemint aloki net(iEPRReacti vati on

Pl
134 Bul

Exper i¥Ynvd rstcs TecBoil gu&s e¥trol y6BE) with
Coul

I n

chargecorsded

Bul

k

k

eask 9s ee

El ectrolysis

El ectrolysis

as

a

functi

-02-
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V'Bulk Electrolysis with Coulometry (BE) ? X
~New Data File ]
File Name [l | \ Browse \
Comments [ | OCP(V)
~Data Acquisition —— ~Experiment Parameters
@® Interval(s) Preelec E(V) vs.OCP [«
~
[ =
O Frequency(Hz) Besiect 1 : &
5 | | Electrolysis E(V) vs.OCP [+]
~Setup——————— —
o = Electrolysis T s [-]
| End Current Ratio(%)
(]| (B
~Axis Type
Qvs. Time [+]
0K | Cancel || Help

Paramséeetbsng
Preel ec E(V): -elheec tproadleynstiisalp rionc epsrse.
Preelec T: detettool gkisherprcess.

El ectrolysis E(V): the potenti al in el ectrc
El ectrolysis T: duration of the process of
End current ratio (%): One condition to ter

Electrolysis T and End current ratio jointl

Data Acquisition
| Frequlethzcey chosen, theoaotgsisecpodi riaeed. i n

Axi s Type

When the experiment is pe

r f the dat a
CorrView can be | ater used to

d,
pl ay the dat
135 Cycl i c Polarization Curve (CPP)

PheasH. s®e
13.6 Mu | t i potentiostatic
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Multi potentiostatic ? >
~MNew Data File
File Mame Browse
Comments OCP(V) -0.00002
-~ Data Acguisition —— - Experiment Parameters
O Interval(s) Mo. Potential(V) Time(s)
0.2 1 05 10 '+
2 1 20
© Frequency(Hz) N 12 0 (4]
5 4 0.5 30 =)
~ Setup 1
=cs] -
2
A A= »
~AXis Type ———
Cycles 10 Potential
oK Cancel
As its name suggestias mwl taichp etve migt bcsuese toinc
mu Iftiied ent i al s ,anmdulctain dwr athieormycl i ng
|.°|Set the value of the potential and durat.i
La Add the potent.. — O X
Potential(V)
Time(s) 10

OK Cancel

|.2|Modify potenti al and duration
|.E|Remove theowel ect ed
|.E|Removre0\a$lof projects

|.1|.i|moveonuqnwnadtjoust the order

Mvou feialnl out all théapotieneladesl (aaedy matr s o
t xt and t henv/tixmp)ortthrtohueg i itlhei(scsi con t hen al
usually when there are a | arge number of po
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potential
0.5
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1
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N e
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Time
10
20
a0
a0
a0
a0
a0
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4 imped ®
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M HwmiE =T
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PartSABnd&l ysis tool

When you install the CS stwidlido6cr eaant @ dh da wti od
a
A
5 Syeelhgedis
The CS Analysis IS used to compl et e anal
Potentiostat/ Gal vanostat/ El ectrochemical Wo r |
as .txt, .csdat, .cor , and. z60.

The CS Analysis tamal ybas pawernfi winsdattd can
calcul ate the paqgl aTafzedt § dlrcooprer ohs s to a nc @ rafnedn ts ed
corrosion potential, etc. Based on the el ect
al so be calcul ated. I't can perform FFT spectr

CS Analysis can do equivalent <circuit fitt
values for each el ement; -8thoanhkdodat ati agdan
ntypetypypepsemi conductor t a ombtaanidn ftlhaag chaarnrdi epr

¥ cs data Analysis tool — ] X

. File Graph Tools Windows Help
P
Home

Welcome to use CS Analysis

Multiple coordinate displays, data delete, curve smoothing, auto finding peakivalley, auto selecting cycles, Tafel fitting, CV curve analysis, linear fitting, spectrum analysis (ECN),
EPR index calculation, etc

<

| Polarization analysis

‘ R Bode plot, Nyquist plot, equivalent circuit fitting, semicircle fitting, cable’s inductance compensation, etc

l carrier i i 1 i i curve etc
‘ Mott-Schottky ‘ . s
‘vz— Open the impedance-time data to perform corrosion rate-time curve analysis
| Impedance-time curve

Open the impedance data to perform capacitance-frequency data analysis.

‘ C-F Curve Analysis

Inter€a8chnalfysi s
14. File

141 Open fil e

CIl iCcpke n D.',t he user can o.ptexetsamy /fdoartmaltf.iz 1658 | oef

or mul ti dat’:'tﬂwielneg/oamdvidlli(hlave the data f|i
the data and see the graph
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| Data Files

| data

-] e (BFeae

Cyclic Voltammetry ¢ CV).cor

Differential Mormal Pulse Voltammetry(DNPY).cor
Differential Pulse Amperometry.cor

Differential Pulse Voltammetry.cor

Double Differential Pulse Amperometry.cor

EIS vs Frequency (Myquist, Bode).z60

EIS vs potential (M-3 curve).z60

EIS vs Time(IMPT-V).z60

Electrochemical Noise{EM).cor

Electroche
Electroche
Faourier Trz
Galvanic 3
Galvanody
Galvanost:
Galvanost:
Galvanost:
Galvanost:

33 33am

Selected Data Files

I ) Detail File Type : | Data Files(".csdatl" b - | ]
~Display Reference Electrode
@ AutoColor @ Auto Line @ Auto Marker [ Auto TripNumber
@ Auto Legend Extract Legend From: |File Name  |o|

~Head Information

ID_CV

Date:2023-11-15 Time:17:44:03
Open Circuit Potential (V):0.37499
Areaicm®

Density:7.8

Weight:28

CorrTest for Windows: SN CS350M23081996 V6.4.720.8 V3.6.230516.1

[or [resncer|

Open project ~ Zoom  data fitting )
save  infout choose the axis  SWith cursor move cursor
. Voltammetric select data file
ﬁolge nl Project analysis
lﬁbB eeef 3 4 @ AiFiles [ Fitting () 30 CV.cor v IsE A
Pt: 1 Time(s) 31.825 Pol(V) -1992E-1 Cum(Alem?) -15038E-5 Q(Clem®) -55113€-5
Cycles: 10 @ show  From 3 : T 3 + Cyde
Graph.  FFT analysis You can select specific cycle(s)
to show
40,
~=H—CV
20+
0.
:t’
=
~ 220
40+
80 L i | L L
04 02 0 02 04 06 08
E(V)
The data details on the right
Put your cursor at any pl ace

-97-

[ CorrTest for Windows: SN CS3502006337 V55,6182 25H6.200¢|
10_CV

Dale:2020-07-24 Time:09:23.06

Open Circuit Potential (v).0.22829

Area 1tcm*
Density.7.8
Weight28 info. of
i Parameters
setting and cell
setting
Potential(V) Cument{Alcm Time(s)
o : = |
2 -19911E-1 |-15867E-5 [3183
3 [se9E1  |-1580265 [31835
s [aoaaser |as76E5 3188 |
5 -19797E-1 |-15731E5 (31845
6 -19748E-1 |-15706E-5 [3185
7 -1.9699E-1 |-1568E-5 31855
8 -1.965€-1 .‘1 5653E-5 .31 86 | Data
9 -1.9598E-1 '-1 5629€-5 '31 865 | deta"s-
10 -1.9547E-1 |-15606E-5 |[3187
1 [rewrer [smes o | Can b
12 -1.9448E-1 ‘-| 5562E-5 '3‘ 88 | coPled
9 [aseeer |1sses [auses | AN
“ -1.9349€-1 .-1 5518E-5 '31 89 | paSted
15 -19299E-1 |-15498E-5 31895
16 -19247E-1 |-15475E-5 (319
17 -19197E-1 |-15453E-5 31905
18 1914761 |15435 3191
19 -19097E-1 |-15407E5 (31915
20 -19048E-1 |-15384E-5 (3192
side can be

of the graph

S

a



...,,”ﬂll"----- CORRTEST

Instruments

Standard Axis 3
Graph Setting...

Add Comments...

Delete Comments

Edit Comments...

Auto Zoom

Zoom To Cursors

Zoom To Previous

Zoom To Mext

Export Graph...

Copy To Clipboard
Restore Graph
Export Active Data
Export Active Data()

St andar goAxican specify the axis type
Graph s=dttitnlgeaxA samd dM h and scale etec
Add commandt x:omments and it will directly dis
Aut o zAouwotaml j ust the size of the graph
Zoom t o Ikedlsiocrks:t he mouse, choose an area and
Export gxmprhtt the current gwmafph. The defaul't
Copy to Cdopybotalred:curr erctl i prbaomh dand paste to

Restorergstphe the graph to original state
Export acéxpertathe current active dat a. For
¥¢tircle of a CV curve (as is shown in above

onl'ffyxXle by fexport active dactsaddatox.Yoar can ch

142 Pol ari zation analysis

File | Graph Tools Windows Help
Cpen File

% GmE v

Polarization analysis

Impedance analysis
Mott-Schottky

Impedance-time curve

. <

Polarization analysis

0,‘

1421Data fitting
The user can open thentol ahezéditonnguawnd da
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ﬁDaFattEngc‘)

Taf el
It premetdkhdlds .

anodic/ cathodic fitting is bas:c

QU Qpm  pm

Fi AutToaf el

ByFi AutToaf el |,
cirpat éent i al
Fi AutToaf el bet ween cursors

By this method, you can use the
do the fit0 6\a.r olusnuda lolpye n+/ics rcaeic a mpen cexd .i al

t hef isrod t wplioe ed sstr & h/Q éndvVvafr ound ope

bel ow butto
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