Application Note AN-BAT-016

EIS G cac trang thai sac khac nhau vai
INTELLO

Nghién ciu cac thanh phan bén trong cda pin trong nhiéu diéu
kién khdc nhau bang phé tong trd (EIS)

Trang thai sac (SOC) cua pin biéu thi phan tram dién
tich hién cé so vai dung lugng téi da, véi 100% SOC la
trang thai sac day va 0% SOC la trang thai xa hoan
toan. SOC thudng dugc udc tinh bang cach do dién
4p cla pin, vi du 4.2 V cé thé biéu thi 100% SOC, va 3
V 1a 0%. Cung véi mot sé thong s6 khac, dién tré bén
trong cla pin thay doi theo SOC, khién phé téng tré
(EIS) tr& thanh cdng cu manh mé dé dic trung mai
quan hé nay. Bang cach theo doi dién trd & cdc muic
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SOC khéc nhau, EIS cho phép t6i uu hda thiét ké vat
liéu cing nhu theo ddi cdc co ché 1do hda cua pin
nham ndng cao hiéu sudt va tudi tho. Ghi chi Ung
dung nay cung cap hudng dan chi tiét dé thyc hién
céc phép do EIS & cdc trang théi sac khdc nhau bang
INTELLO. Viéc fitting va phan tich cac phép do EIS
dugc thyc hién bang cdng cu fit va moé phong trong
phan mém NOVA.
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GIGI THIEU

Phép do phd t8ng trd (EIS) 1& mdt cong cu manh mé,
khéng pha hay, gitip giai thich nhiéu hién tugng c6
thé gay hu hong va lao hda sém cla pin. Mét trong

Trong Hinh 1, dép Ung trg khang dién hinh cla pin
dugc thé hién dudi dang do thi Nyquist. Hinh nho
bén trong thé hién mach dién tuong duong mo6 ta
dédp Ung nay. Vung tan s6 cao cta do thi tuong Ung
v&i dién tré ohmic va thudng cé thém thanh phan
cam khang. Vung tan sé trung binh clia do thi thudng
6 it nhat hai vong cung ban nguyét. Ching thudng
bao gbm céc déng gop tir hai dién cuc hodc cac qua
trinh xay ra tai giao dién. Co rat nhiéu chi tiét quan
trong trong vung nay, tuy nhién kho tach biét vi cac
vong cung ban nguyét thudng chéng 1&p 1én nhau.

Trong nhing ndm gan day, DRT (distribution of
relaxation times - phan bé thai gian hoi phuc) da tré
thanh mot cong cu phd bién va tién lgi hon dé tach
théng tin trong vung nay [1]. Vung tan s thap chu
yéu chita thong tin vé sy khuéch tan clia cac ion.

EIS thudng dugc st dung cho muc dich chdn dodn
bang céch do va phan tich dé thi Nyquist va Bode
dinh ky trong sudt qué trinh kiém tra |30 héa theo thoi
gian (calendar aging test). Nhiing thay d&i trong cac
do thi nay cé thé phan 4nh nhiéu hién tugng khac
nhau. Vi du, su ha thdp cua vong cung bdn nguyét

CHI TIET MAU VA PHEP PO

Mau dugc si dung trong Ung dung nay 1a mot pin
dang déng xu Li-ion 2450 v&i dung lugng 120 mAh.
Phép do EIS dugc thuc hién bang hop két ndi tin hiéu
Autolab Duo Coin cell holder, cho phép tiép xlc 4
diém vdi pin. Tai liéu AN-BAT-008 mé t4 lgi ich cua
ché doé tiép xtc 4 diém trong viéc do di liéu EIS chinh
xac trén pin [4].

Trong phan mém INTELLO, c6 m6t quy trinh mac dinh
c6 thé duac st dung dé thuc hién EIS & cac trang thai
sac khac nhau. Cé nhiéu théng sé do trong quy trinh
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nhing Ung dung chinh cua ky thuat nay la udc tinh
trang thai stic khoe (SOH) cua pin, ho trg trong viéc du

dodn tudi tho cla pin do.
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Hinh 1. D6 thi Nyquist dién hinh clia mét pin. Hinh nhé bén
trong cho thdy mach dién tuong ducng mé t& dap Uing tré khang
do.

dau tién co thé cho thdy su mat mat vat liéu anot (nhu
su suy thodi cua graphite) [2]. Ngudc lai, su gia tang
dién trd ohmic cé thé 13 ddu hiéu cla su phat trién 16p
SEl'trén anot [3].

Mot trong nhiing han ché cua EIS 1a viéc dién gii di
lieu coé thé khd phuc tap. Cing can luu y rang tré
khang cua pin thay déi theo trang théi sac (SOC). Bay
la Iy do khac khién viéc thuc hién EIS tai nhiéu muc
SOC khéc nhau 1 can thiét dé dam bao dua ra cac két
luan chinh xac.

c6 thé dugc diéu chinh —va cling cé thé stia d6i thém
dé phu hop v8i nhu cau cla ngudi dung (vi du nhu
thém chu ky break-in). Quy trinh do dugc cau tric tu
c4c vong 1ap 13p lai, mbi vong bao gdbm mdt budc
sac/xa hodc xung, mot budc nghi va phép do EIS thuc
té. Bang cach nay, EIS c6 thé dudc do tai tiing budc
tuong Ung véi cdc muic SOC khéc nhau. Luu y rang
trong quy trinh nay, phép do EIS dugc cau hinh & ché
do galvanostatic.

Ngoai s6 lan I&p lai, cac thong s6 chinh ¢é lién quan &
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day 1a C-rate, thdi gian sac/xa dong dién khéong doi
moi budc, gidi han dién thé sac/xa va thai gian nghl.
S8 1an 1ap lai phai ludn 16n hon s6 budc du kién can
thiét dé dua pin tir SOC t8i da can khao sat vé muc t8i
thiéu, va nguac lai. S6 budc nay cd thé udc tinh tu
dung lugng, téc dd C va thdi gian sac/xa. Néu cac
thong s6 sau dugc dat (dung lugng 1a 120 mAh, téc
dd sac/xa la 1C va thai gian sac/xa la 6 phut), thi co
thé tinh ducc rang 12 mAh dugc nap hodc xa moi
budc (120 mA x 0.1 gig), tuong duong 10% dung
luong pin moi budc.

Viéc dit gidi han dién thé sac va xa clng rat quan
trong. Khi dat dén cdc gidi han nay, vong I3p tuong
Ung sé két thuc. Vi du, khi dat dén 4.2 V, vong sac sé
ding lai va vong xa sé bat dau. Sau do, khi dat dén 2.8
V, vong xa két thiic va qué trinh do hoan tat. Thai gian
nghi cling rat quan trong vi phép do EIS chi nén duac

KET QUA VA THAO LUAN

Luu y: Trong trudng hap dudi day, quy trinh da dugc
diéu chinh dé pin dudc sac day qua mot chu ky tién
quyét trudce khi xa ti mic 100% SOC theo tling budc
10% va sau do sac lai cling theo tung budc 10%. Viéc
phan tich va thao luan sé tap trung vao qua trinh xa.
Do thi Nyquist dugc do trong céc budc xa duagc hién
thi & Hinh 2. Cc dac diém du kién tir mot pin co thé
quan sat thdy, bao gdbm ba vong cung ban nguyét &
ving tan sé trung binh. Trang théi pin v&i SOC udc
tinh 13 100% dugc thé hién bang mau tim, va khoang
10% dugc thé hién bang mau cam, véi céc do thi
trung gian biéu dién cadc mic SOC nam gitia hai gid tri
nay.

Can luu y rang pin Li-ion khéng nén dugc xa thudng
xuyén xuéng muc 0% SOC vi theo thai gian diéu nay
c6 thé khién pin bi ldo hda sém. Do dé, hau hét cac
théng s ky thudt déu quy dinh dién 4p ngat xa
tuong Ung vdi khoang 10% SOC thay vi 0%.
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thuc hién khi dién thé 6n dinh mdi duac thiét 1ap sau
khi pin d& dugc sac hodc xa. Cac thdng sd cua chinh
phép do EIS clng c6 thé dugc diéu chinh tr cla s6
tham s& chinh. Bién dé va dai tan s6 la nhing yéu t6
can quan tdm nhéat. Bién do nén duac lya chon phu
hop vdi loai pin dang nghién clu — néu qud thap hodc
quéd cao thi két qua sé nhiéu hodc khdng hop 1é.
Nguyén tac chung 13 sir dung C-rate cla pin va chon
dong trong khoang tir 0.01 dén 0.05 C. C4 thé thu
nhiéu bién dé dé tim ra gid tri pht hop nhat. Dai tan
s6 dién hinh cho pin Li-ion thudng ti khoang 100 kHz
dén 0.1 Hz. Dai tan s6 cé thé dugc diéu chinh tuy
thudc vao nhu cau khao sat thém cac dac tinh. Vi
mot 58 loai pin ma&i hon nhu pin thé ran (SSB), can su
dung tan s& lén dén khodng 10 MHz dé thu nhan day
du cac thanh phan tré khang [5].
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Hinh 2. D6 thi Nyquist trong qué trinh xa ctia pin ti mdc 100%
SOC (mau tim) dén 10% SOC (mau cam).
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Po thi Bode tuang Ung dugc thé hién bén dudi trong
Hinh 3. Ca hai do thi dudng nhu chi ra rang chi mot
trong cac hang s6 thai gian RC bi anh hudng chu yéu
bai su thay déi SOC, vdi tré khdng tang 1én khi pin
dudc xa. Theo céc tai liéu tham khao [6,7], rat cé thé
vONng cung tan sé thdp nhat nay lién quan dén qué
trinh chuyén dién tich chdm hon tai catot. Diéu nay la
hop ly vi dién tré clia qua trinh nay tang lén do cé
nhiéu lithium hon di chuyén tU anot sang catot.
Dudng nhu khdng cé hodc chi cé rét it sy thay d6i vé
muc déng gop vao trd khdng tir cac thanh phéan khac
trong pin khi nd dugc xa. Trong qué trinh sac, diéu
ngudc lai dugc quan sat, vai trg khang gidm khi pin
dugc sac lai. Cudi cung, do thi Nyquist/Bode ban dau
tai 100% SOC dugc khdi phuc.

D liéu trén dugc chuyén sang va xi ly trong phan
mém NOVA, sir dung mach tuong duang dugc minh
hoa trong Hinh 4. D& c6 dugc dé trung khdp tét hon,
dién dung phi ly tudng dugc md hinh héa bang cac
phan ti hang s6 pha (constant phase element - CPE).
M& CDC cho mach tuong dudng nay la
[LR(RQ)(RQ)([RW]Q)], bao gbm mot phan t cudn
cam, mot dién tré ndi tiép, va ba mach song song RQ,
trong dé mach cudi cung clng chlra mdt phan tu
Warburg song song [8].

D& xUr ly dir liéu mdt cach chinh xac, dudi day 1a mot
s6 meo thuyc té. Dau tién 1a bat dau tr cac gid tri hop
ly cho cac mach RQ. Cac gid tri nay dudc xac dinh
trudc bang cach thuc hién khép mach dién hda, sau
ddé dan cac gia tri thu dugc vao cdng cu khép va md
phong. DEi v6i cudn cam, gid tri dugc dat 1a 100 nH.
pién tr¢ noi tiép dudc thiét 1ap bang cach doc tir do
thi Nyquist; trong trudng hgp nay la 60 mOhm. Meo
tiép theo la diéu chinh cac gidi han (gid tri nho nhat
va lén nhat) cla viéc khdp dir liéu thanh céc gid tri
thuc té. Vi du, doi véi céc dién trg, gidi han dugc dat
la tr 1 x 10-5 dén 5 Ohm. Ngoai ra, viéc ¢ dinh ca
ba mach RQ trudc, sau dé lan lugt tha tiing mach mot
cing c6 thé hitu ich. Qud trinh khép di liéu cho phép
dinh luong cdc thay déi trong do thi Nyquist.
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Hinh 3. D6 thi Bode trong qud trinh x& cla pin tr mc 100%

SOC (mau tim) dén 10% SOC (mau cam).

Rp2
R =382 mQ

Rp1 Y0 = 15.3 Mho*sA(1/p)
R=268mQ

CPE3 CPE2
YO = 68.7 mMho*sAN Y0 = 31.0 mMho*sAN
N =044 N =0.837

CPE1
Y0 = 175 mMho*sAN
N =0984

Hinh 4. Mach tuong duong dugc str dung dé khép dir liéu EIS

L2 Metrohm



KET QUA VA THAO LUAN

Trong Hinh 5, dién tré néi tiép (ohmic) theo SOC cua

0.066

pin dugc thé hién. Dién trd ohmic khéng thay déi 0065
nhiéu, chi tdng nhe trong suét qud trinh do. o0es

Ohmic Resistance vs SOC
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Hinh 5. Dién tr& ohmic (n&i tiép) theo SOC clia pin

Trong Hinh 6, YO (thudt ng chiia théng tin vé dién
dung) dudgc thé hién theo SOC. Chi ¢ YO cla CPET -
tang Ién khi SOC gidm — hai CPE con lai khéng bi anh
hudng.

Yovs SOC

-e-CPE1

«e-CPE2

«e-CPE3
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Hinh 6 Gi4 tri clia cdc thanh phan dién dung tir ba phan tir CPE
dugc strdung trong qua trinh fitting theo SOC cua pin.

Trong Hinh 7, dién trg tucng Ung t moi mach RQ
dugc hién thi. Giéng nhu Hinh 6, R, I& thanh phan
dién trg duy nhét bi anh hudng manh béi trang thai 5
sac thay d6i, cling tdng |én khi SOC giam.

Resistance vs SOC

120 100 80 60 40 20 0

State of Charge /%

Hinh 7. Gid trj dién trd clia tling phan ti R dugc st dung trong

qua
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trinh fitting dugc thé hién theo SOC ctia pin.
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Cac gid tri tU qua trinh fitting d{ liéu do tai SOC 100%

va 10% dugc tém t3t bén dudi trong Bang 1.

Bang 1. C4c gid trj tir cac phan t& mach dugc chon, thu dugc tir qué trinh fitting dir liéu tai SOC 100% va 10%.

Element 100% SOC 10% SOC
R,/ Ohm 0.059 0.065
Ro1/0Ohm 0.23 0.89
Y,1/0hm' 0.19 0.24
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| VIONIC
VIONIC is our new-generation
potentiostat/galvanostat that is powered by
Autolab’s new INTELLO software.
VIONIC offers the most versatile combined
specifications of any single instrument currently on
the market.

- Compliance voltage: + 50 V

- Standard current £ 6 A

- EIS frequency: up to 10 MHz

- Sampling interval: down to 1 us
Also included in VIONIC's price are features that
would usually carry an additional cost with most
other instruments such as:

- Electrochemical Impedance Spectroscopy (EIS)

- Selectable Floating

- Second Sense (S2)

- Analog Scan
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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

n Ova more power and more flexibility to your Autolab
N J

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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