Ky thudt chuan do gidn doan dong
dién (GITT)

Pin lithium-ion (Li-ion) la mdt trong nhimg thiét bi luu
tr nang lugng dugc nghién cliu nhiéu nhat, nhd vao
hiéu sudt nang lugng va céng sudt tuang doi cao.
Trong qué trinh sac, ion lithium di chuyén tir cuc
duong sang cuc am thong qua dung dich dién ly.
Trong qud trinh x4, ion lithium di chuyén theo chiéu
nguac lai, tf cuc &m sang cuc ducong. Tai bé mat cac
dién cuc co su khuéch tén Li-ion vao bén trong.

Trong trudng hap nay, hiéu sudt cia mot pin Li-ion
phu thudc vao hé sé khuéch tan clia cac vat liéu hoat
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dbng co mat trong cac dién cuc. Do dé, viéc biét hé s6
khuéch tadn hda hoc cla cac vat liéu dién cuc 1a vo
clng quan trong. Hon nlia, cac tinh chat nhiét déng
hoc clia vat liéu dién cuc cé thé cung cdp hiéu biét t6t
hon vé hoat déng dién héa hoc cua chung.

Ky thuat chuén dé gidn doan dong dién (GITT) la mot
quy trinh hitu fch dé thu thap ca cac tham s6 nhiét
déng hoc va déng hoc, chang han nhu hé s8 khuéch
tan. [1,2]
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CAI BDAT THi NGHIEM

D& thuc hién cac thi nghiém, mat thiét bi dién hda
Autolab PGSTAT302N da dugc sir dung, cling véi mot

INTRODUCTION

A GITT procedure consists of a series of fixed current
pulses that correspond to a known C-rate. Each
current pulse is followed by a relaxation time, during
which time no current passes through the cell. The
current is negative during the discharge and positive

MEASUREMENT

Some assumptions are made during the analysis of
data that influence the experimental conditions we
apply to the cell during the measurement. The first is
that each pulse step produces only a very small
potential change. For that to be true, the current must
be small relative to the capacity of the battery, which
means that C-rates of C/10 and C/20 are common for
the current pulses. The length of the current pulse is
also kept relatively short, usually between 5 and 30
minutes.

The next assumption is that an equilibration state is
reached during the relaxation step. Since the time for
this to occur is different for every cell and system, the

In Figure 1, a typical GITT plot on a two-electrode
battery is shown. There are two branches in the plot,
corresponding first to when the cell is discharged to a
lower cut-off voltage, and second to when the cell is
charged to an upper cut-off voltage. An enlarged
section of the discharge part of plot is shown in the
insert of Figure 1. It's clear from this insert that the
plot is made of a series of active (blue) and rest
(orange) steps. Charging and discharging the battery
in this manner, with a series of current pulses, has
some interesting consequences that allow
researchers to extract some extra information from
the battery. These are described below.
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pin Li-ion 2.2 Ah tU Enix Energies, c6 dién dp danh
dinh 3.75 V va nang lugng danh dinh 8.25 Wh.

during the charge. Most often, GITT is performed on a
three-electrode battery (i.e., one containing a
reference electrode), although it can also be a
valuable exercise to perform it on a two-electrode
battery.

length of the relaxation step varies more. In some
cases it can be minutes, in others it can be
longer—around 1-2 hours—and in extreme cases,
more than 10 hours. It is important to take note of this
when investigating new materials and to adjust the
relaxation time accordingly. Since a complete GITT
measurement requires that the battery is taken from
fully charged to fully discharged and back again, it can
take longer than a month in some cases to complete a
full measurement. As a galvanostatic technique, it is
the E vs. time signal which is analyzed at the end of
the measurement.
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Figure 1. Complete GITT potential profile of a two-electrode
battery being discharged and charged with current pulses that
last 10 minutes, followed by a 60-minute rest period.
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During a negative current pulse, the cell potential
quickly decreases to a value proportional to the /R
drop, where R is the sum of the uncompensated
resistance R, and the charge transfer resistance R;.
Afterwards, the potential slowly decreases, due to the
galvanostatic discharge pulse, in order to maintain a
constant concentration gradient. When the current
pulse is interrupted (i.e., during the relaxation time),
the composition in the electrode tends to become
homogeneous by Li-ion diffusion. Consequently, the
potential first suddenly increases to a value
proportional to the iR drop, and then it continues to
slowly increase until the electrode is again in
equilibrium (i.e., when dE/dt ~ 0 ) and the open
circuit potential (OCP) is reached. Then, the
galvanostatic pulse is applied again, followed by
current interruption. This sequence of a discharge
pulse followed by a relaxation time is repeated until
the battery is fully discharged. During a positive
current pulse, the opposite holds, which is repeated
until the battery is fully charged.

Shown in Figure 2 are the first five current pulses of
the sequence; highlighted is the iR drop and AE, - the
voltage change during the current pulse, and AE, -
the change in the equilibrium or steady-state voltage
due to the current pulse. All are useful in analysis of
the GITT plot.

QUY TRINH GITT

Quy trinh GITT bao gom mot chudi céc xung dong
dién, theo sau mdi xung la moét thai gian nghi, trong
dé khéng cé dong dién chay qua cell. Dong dién la
duacng trong qud trinh sac va am trong qua trinh xa.

Trong mot xung dong dién ducng, dién thé cla cell
tadng nhanh dén mot gid tri ty 18 vd&i sy sut giam iR,
trong do R1a téng cla dién tré khong bu Ru va dién
trg chuyén dién tich R . Sau do, dién thé tang cham,
do xung sac dong dién khdng déi, dé duy tri gradient
ndng do khéng déi. Khi xung dong dién bi gidn doan,
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Figure 2. The first five current pulses are shown here. The pink
bars across the top of the figure relate to the current applied to
the cell during each step. Highlighted are the iR drop, the voltage
change during the current pulse, and the voltage change in
steady-state voltage due to the current pulse.

vi du trong thai gian nghi, thanh phan trong dién cuc
c6 xu hudng tré nén déng nhat nha vao su khuéch
tan ion Li. Vi vay, ddu tién dién thé giam dot ngdt dén
mot gid tri ty 18 vai su sut gidam iR, sau do gidam dan
cho dén khi dién cuc trd lai trang thai can bang (tic 13
khi dE/dt =~ 0) va dat dugc dién thé mach hg (OCP).
Sau do, xung dong dién khéng déi lai dugc dp dung,
tiép theo do la viéc gidn doan dong dién. Chudi nay
clia xung sac theo sau la thai gian nghi dugc lap lai
cho dén khi pin dugc sac day.
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Trong moét xung dong dién am, diéu ngugc lai xay ra.
pién thé cua cell gidm nhanh dén mét gid tri ty 18 vdi
su sut giam jR. Sau dé, dién thé gidm dan, do xung xa
dong dién khéng déi. Trong thdi gian nghi, dién thé
tang dot ngdt bdi mot gia tri ty 1€ vai su sut gidam IR,
sau do tang dan cho dén khi dién cuc trd lai trang thai
can bang (ttc | khi dE/dt ~ 0) va dat dugc OCP cua

4( tVn )2 (%E/45)

cell. Sau dé, xung dong dién khdng déi tiép theo duacc
ap dung, tiép theo dé 1a viéc gidn doan dong dién.
Chudi nay clia xung xa theo sau |a thai gian nghi ducc
13p lai cho dén khi pin dugc xa hét.

Hé s6 khuéch tdn hda hoc c6 thé dugc tinh todn tai
moi budc, véi cong thitc sau:[1-3]

(dE/ dﬁ)

Here, i (A) is the current, v (cm?/'mol) is the molar
volume of the electrode, z, s the charge number, Fis
Faraday’s constant (96485C/mol), and S (sz) is the
electrode area. Additionally, dE/d6 is the steady-state
voltage change and dE/d./tis the transient voltage

change during one galvanostatic titration step.

If sufficiently small currents (e.g., C/20) are applied for
short time intervals (e.g., 10 minutes) then dE/d-/t can
be considered linear. With these additional
conditions, the previous equation can be simplified to:

4 m Vo \° (AEG\*

D =

T

AE,

Here, 7 (s) is the duration of the current pulse, Ny,
(mol) is the number of moles, v (cm>/mol) is the
molar volume of the electrode, S (cm?) is the
electrode area, AE, (V) is the steady-state voltage
change due to the current pulse, and AEI (V) is the
voltage change during the constant current
pulse—eliminating the /R drop.

Typically, after the diffusion coefficient at each step is
determined, it is then plotted as a function of either

Open Circuit Potential

The OCP of a material at different states of charge is
determined very accurately during the GITT procedure
and contains some interesting thermodynamic
information about the battery material [1].
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the state of charge (SOC) or capacity of the battery.
The changing state of charge is accompanied by
physical changes in the electrode which can affect the
diffusion of lithium ions. Monitoring the diffusion
coefficient in this manner gives important insights
into battery performance across the full
charge/discharge cycle and helps researchers to
optimize the performance of materials.

In this context, the OCP can also be defined as the
chemical potential difference (u) of lithium ions in the
cathode and anode:
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ufiathode (x) _ leinode (x)

Fix) =

e

In this equation, x is the amount of lithium in the
battery and e is the magnitude of the electronic
charge.

Overpotential and Internal Resistance

In addition to the OCP, it can also be useful to look at
the overpotential at each step. The overpotential is
defined as the difference between the measured cell

Plotting this also as a function of SOC or capacity is a
useful tool to reveal changes in the electrochemical
reaction of the battery as it is cycled.

voltage at the end of the current pulse (£, ) and the

voltage at the end of the relaxation step (Eeq) [1].

b= ‘Emeas — Eeq

Considering the overpotential as a function of the
SOC as well as the OCP can reveal kinetic and
thermodynamic changes that are sometimes hidden

by just looking at the overpotential in isolation. It is

Internal Resistance

also possible to instead consider changes in the
internal resistance, which is essentially normalizing
the overpotential to the applied current:

(Q)= L

lapplied

Trong do i (A) la dong dién; v (cm>/mol) 13 thé tich
mol clia dién cuc; z, 14 56 dién tich; F(96485 C/mol) 13
hang s Faraday va S (cm?) 1& dién tich dién cuc. Bén
canh do, dE/dé 1& d6 dbc clia dudng cong chudn do
dién lugng, dugc tim thdy bang cach vé cac dién 4p
trang thai 6n dinh £(V) dugc do sau mdi budc chuén
do & va dE/dy/t 1a d6 dbc clia do thi tuyén tinh cla
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dién thé £(V) trong xung dong dién co thai gian t (s).
Trong Hinh 1, m6t vi du vé dé thi dién thé so véi can
bac hai clia thai gian dudgc hién thi. SU dung cong cu
hoi quy tuyén tinh dugc cung cdp trong NOVA, théng
tin vé dE/d+/t c6 thé thu dugc tir dd déc clia cac xung
tinh dién so véi can bac hai cla thoi gian [4].
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Hinh 1. Biéu d6 tiém ndng so vai 4/t. Ngoai ra, dudng hoi quy tuyén tinh va phuong trinh ctia né dugc hién thi.

Néu ap dung du dong dién nho trong khoadng thai
gian ngan, thi dE/dy/t c6 thé dugc coi la tuyén tinh,
cling nhu dudng cong chuén doé coulometric trén

Tai day, T (s) la thai lugng cua xung dong dién; n
(mol) la s6 mol; V. (cm?/mol) 1a thé tich mol cua dién
cuc; S (cm?) 1a dién tich dién cuc; AE, (V) 1 sy thay d6i

Table 1. Details of the battery samples measured in this study.

pham vi thanh phan lién quan dén budc dé. Véi cac
diéu kién nay, Phuong trinh (1) c6 thé dugc don gian
héa thanh:

dién 4p trang thai 6n dinh do xung dong dién va AF,
(V) 1& su thay d6i dién p trong xung dong dién khang
déi, loai bd su sut gidm iR.

Sample Number of electrodes Form Capacity / mAh
1 Two Cylinder 3270
2 Three Pouch 4150
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THE NOVA PROCEDURE

Quy trinh GITT NOVA bao gbm céc xung sac dong
dién khéng déi, mbi xung dai 10 phut, theo sau 1& 10
phut thai gian nghi, khéng cé dong dién chay qua
cell: tr OCP dén 4.2 V. Sau dd, cac budc xa GITT dudc
4p dung. Moi budc bao gdbm mot xung xa 10 phut
theo sau la 10 phut nghi, khéng c6 dong dién chay
qua cell. D& cé nhiing thay déi dién thé di chdm, mot

EXPERIMENTAL

Hinh 2 cho thay ho sa dién thé GITT hoan chinh. Quy
trinh bat ddu & OCP ~ 3,62 V. Sau do, cic xung sac
GITT dugc &p dung; mdi xung theo sau la moét khoang
thai gian thu gian. G day, cé thé nhan thay dién thé

Table 2. Experimental details used in this Application Note.

ty 1é dong dién C/10 da dugc chon, cho ca sac va xa.
Diéu nay cé nghia la, véi ty 16 dong dién C/10, pin ¢
thé dugc sac day (hodc xa) trong mudi gid. D8I véi pin
dang dugc nghién clu, ty [é C/10 tao ra dong dién
220 mA cho qua trinh sac va -220 mA cho qua trinh

Xa.

gidm giia cac xung va thdi gian thu gian, va dién thé
téng thé tdng cho dén 4,2 V. Sau khi sac, dién thé
gidm, do cac xung xa tinh dién, mdi xung theo sau 1a
thai gian thu gidn, cho dén khi dat dién thé 2,8 V.

Sample C-rate Pulse duration / min Rest duration /min
1 C/10 10 60
2 /10 10 10

In both cases studied, the samples were fully charged
with a constant 0.5C before the GITT measurement
was made. In the case of Sample 1, it was then
discharged from 4.2 \VV to 3 V and then charged again
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to 4.2 V. Sample 2, which has a different chemical
makeup, was discharged from 3.65 V to 2.5 V and
then charged again to 3.65 V.
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Hinh 2. Buding cong chuén dé giédn doan tinh dién theo thdi gian Thai lugng cla xung sac va xa dé dugc tinh todn dua trén téc do dong dién

c/10.

Pé lam sdng t6 hon cac budc GITT, trong Hinh 3, hai
xung dién tich dau tién dugc hién thi.

0 day, gid st rang cadc dong dién rat nho dén muic
dE/db6 va dE/dy/t gill nguyén va Phuang trinh (2) cé
thé dugc khai thac. Luu y dién thé tang dan va gid tri
AE, c6 thé dugc tinh todn. Sau do, budc thu gian 10
phit dugc dp dung. G day, can luu v su gidm dién thé

www.metrohm.com

dot ngdt, do sy sut giam iR. Sau dé, dién thé giam
dan. Sau thai gian thu gidn, dién thé tdng dot ngot.
Diéu nay mot lan nita la do su sut giam iR cla té bao.
Sau do, mot budc dién thé tinh dién 10 phut khac
duagc dp dung. O day, cé thé nhan thay ré hon ving
tuyén tinh. Sau khi iR giam, budc thu gidn cudi cling
dugc dp dung va gid tri AEs c6 thé duac tinh toan.
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Hinh 3. Hai budc sac dau tién, mdi budc gdm 10 phut sac tinh dién C/10, sau dé 1a 10 phat thu gidn. Su sut gidm iR dugc hién thi, cing véi va

RESULTS AND DISCUSSION

The GITT profile of Sample 1 (the two-electrode rrr'rr, LLLLLL‘LLL
battery) is presented in Figure 3. The conditions were rrr'rrrr LLLLL"LL
satisfied such that it would be possible to calculate rrrrrrrr LL"LLLLL

the OCP, overpotential, and internal resistance, and yrr'rrr, } i

then plot this data vs. the SOC. However, since this a § " S— £

two-electrode battery it is not possible to separate rr} r

the diffusion contributions from the anode and LH

cathode —therefore calculating the diffusion '{

coefficient is impossible. e e e

Time (5

Figure 3. GITT profile of sample 1, a two-electrode battery with a
capacity of 3270 mAh.
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The GITT profile of Sample 2 is shown in Figure 4.
There are three potential signals in INTELLO:
WE potential, S2.potential, and WE-S2 potential. The
standard connection to the three-electrode battery
was made where the WE+S connected to the positive
terminal, the CE+S2 connected to the negative
terminal, and the RE connected to the reference
electrode. The WE.potential (S to R) signal is the
potential at the cathode, and the S2.Potential (52 to
R) signal is the potential at the anode. If the
S2.potential is subtracted from the WE potential, the
voltage across the whole battery is calculated (i.e., the
WE-S2 potential signal). Hence, in this case, the GITT
profile is the WE-S2 potential vs. t. But the described
analysis can also be performed independently on
each potential signal, WE-RE and S2-RE, giving
information about the diffusion of one or two half-
cell materials.

Vi pin Li-ion thuong mai da dugc st dung nén khdng
thé phan biét dugc su déng gdép vao qud trinh khuéch
tdn hda hoc t6ng thé do dién cuc duong va dién cuc
am mang lai. Bén canh dé, mot s6 dai luong nhu thé
tich mol V. va dién tich bé mat S da bj thiéu dé hoan
thanh céc phép tinh trén Phuang trinh (1) va (2).

Quy trinh GITT thuong dugc thuc hién trong mot nlia
cell, tUc la dugc tao thanh tu dién cyc co vat liéu hoat
dong dang dugc nghién clu, sé trg thanh dién cuc

CONCLUSIONS

Ghi chu Ung dung nay cho thay cdch AUTOLAB va
NOVA cé thé dugc st dung dé thuc hién céc thu
nghiém GITT trén pin Li-ion. & day, cic xung dién tich
tinh dién dugc 4p dung, mdi xung theo sau la thdi
gian thu gian, cho dén khi dat dén gidi han dién thé
trén. Sau dé, cac xung xa dugc ap dung, theo sau la
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Figure 4. GITT profile of sample 2, a three-electrode battery with
a capacity of around 4150 mAh.

duong va dién cuc &m lam bang lithium kim loai, cdng
vGi chat dién phan. Néu cé thé, nén thiét 1&p ba dién
cuc, v&i moét manh vun lithium kim loai nhé lam dién
cuc tham chiéu gia. Theo cach nay, biét dugc thanh
phan clia vat liéu dang nghién cliu va dién tich bé mat
cla dién cyc lam viéc, cé thé tinh todn hé s6 khuéch
tan hoa hoc trén mdi budc thé ndng dE va/hodc moi
budc chudn dé dién luang db. Trong tai liéu, biéu do
log(D/cm?s ) so véi Vhodc so véi § 1a phé bién.

thdi gian can bang, cho dén khi dat dén gidi han dién
thé dudi. TU biéu do dién thé so véi thdi gian, cé thé
thu dugc théng tin quan trong dé tinh todn hé s8
khuéch tan va céc dai lugng tham s6 nhiét déng luc
hoc.
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Autolab PGSTAT302N

This high end, high current potentiostat/galvanostat,
with a compliance voltage of 30 V and a bandwidth
of 1 MHz, combined with our FRA32M module, is
specially designed for electrochemical impedance
spectroscopy.

The PGSTAT302N is the successor of the popular
PGSTAT30. The maximum current is 2 A, the current
range can be extended to 20 A with the
BOOSTER20A, the current resolution is 30 fA at a
current range of 10 nA.

L2 Metrohm


https://doi.org/10.33961/jecst.2021.00836
https://doi.org/10.1149/2.084310jes
https://doi.org/10.1021/jp9113333
https://www.metrohm.com/products/a/ut30/aut302n_s.html

nova

www.metrohm.com

12

Autolab DuoCoin Cell Holder

The Autolab DuoCoin Cell Holder has 4-point Kelvin
gold-plated contacts to assure the highest precision
measurements for your battery research. A versatile
accessory that can accommodate all standard cells
sizes with capacity for smaller and larger non-
standard cells and two cells can be processed at one
time.

Autolab DuoCoin Cell Holder gold plated contacts
and gold plated PCB provide protection from
corrosion and damage to the accessory in your busy
laboratory.

Experimental set up is simplified with the Autolab
DuoCoin Cell Holder with visible electrode labels and
cable connections that correspond to the Autolab
potentionstat/galvanostat cable colors. Autolab’s
attention to detail is reflected in the silicon surface
grippers on the bottom of the Autolab DuoCoin Cell
Holder to provide stability in a complex experiment
set up.

Advanced software for electrochemical research
NOVA is the package designed to control all the
Autolab instruments with USB interface.

Designed by electrochemists for electrochemists and
integrating over two decades of user experience and
the latest .NET software technology, NOVA brings
more power and more flexibility to your Autolab
potentiostat/galvanostat.

NOVA offers the following unique features:
- Powerful and flexible procedure editor
- Clear overview of relevant real-time data
- Powerful data analysis and plotting tools
- Integrated control for external devices like
Metrohm Liquid Handling devices
Download the latest version of NOVA
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corenmosrar Autolab PGSTAT204

GALVANOSTAT

The PGSTAT204 combines the small footprint with a
modular design. The instrument includes a base
potentiostat/galvanostat with a compliance voltage
of 20 V and a maximum current of 400 mA or 10 A'in
combination with the BOOSTERT0A. The potentiostat
can be expanded at any time with one additional

module, for example the FRA32M electrochemical

impedance spectroscopy (EIS) module.

The PGSTAT204 is an affordable instrument which
can be located anywhere in the lab. Analog and
digital inputs/outputs are available to control
Autolab accessories and external devices are
available. The PGSTAT204 includes a built-in analog
integrator. In combination with the powerful NOVA
software it can be used for most of the standard
electrochemical techniques.
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