Cycle Life Modeling of Advanced Technology
Development Program Gen 1 Lithium lon Célls
Randy B. Wright
Chester G. Motloch
Idaho National Engineering and Environmental
Laboratory
PO Box 1625, Idaho Falls, ID 83415-3830

The U.S. DOE Office of Advanced Automotive
Tednologies is engaged in the study of high-power
186650-sizelithiumion cdl sthroughthe Advanced
Tednology Development (ATD) Program to address
technicd barrier limiting the development of batteries for
hybrid eledric vehicles (1). National laboratory
participantsinclude INEEL, ANL, SNL, LBNL, and
BNL. The demistry for Phase |, dubbed Gen 1, has been
chosen by ANL to baselinethe céls. The cedlswere built
to ATD spedficaion by a ommercial vendor. The
cahodes were 84 wt% LiNiygCoq,0, with graphite and
carbon bladk added for eledricd conductivity. The anode
was ablend of SFG-6 and MCMB-6 carbons. The
eledrolytewas 1.0 M LiPFgin 1:1 EC/DEC. PVDF
binder was used in the fabricaion of both eledrodes. The
anode airrent colledor was copper foil; aluminum foil
was used for the cahode aurrent collector. Celgard
supplied the separator (polyethylene).

The cdlshad arated cgpadty of 0.9 Ahat aC/1
discharge rate with avoltagerangeof 3V to 41V. The
test matrix included four temperatures (40, 50, 60, and
70°C) and two states-of-charge (60 and 80% SOC), and
threelife cycle profil es (3%, 6%, and 9% SOC swing).
The cdls aso underwent charaderization at the beginning
of testing and periodic reference performancetests at
25°C to compare their performance after cycling to the
baseline (2).

Thetest resultsindicate that both the discharge and
regen resistanceincreased in anonlinea manner asa
function of the test time and deaeased with temperature.
(Although tests were performed at 60 and 80% SOC, only
the 60% SOC data has been analyzed to date.) Other
observations are:

(1) The discharge resistances are greder than the regen
resistances at all of the test temperatures of 40, 50,
60, and 70°C.

(2) The 70°C discharge and regen resistance data did
not always foll ow the general trend of the rest of
the datain that the resistance at this temperature
was dightly greaer than that at 60°C. This
observation appeasto indicae that a new
physicd/chemicd processis occurring that causes
an anomalousincrease in theresistance The exad
nature of these processesis not presently known.

(3) Ateah of the four test temperatures, the
magnitude of the discharge and regen resistance
was in the following order: delta 6% SOC > delta
3% SOC > delta 9% SOC. No explanationis
currently known for this observation. (Other
reseach groups within the ATD Program are
currently conducting physical/chemicd studies on
the test cdlsthat may provide insight into this
observation.)

A model was developed to acourt for the time,
temperature, SOC, and A% SOC of the batteries during
the cycle lifetest. The functional form of the model is
given by:

R(t,T,SOC, A% SOC) = af exp[b/T]}t¥2 + cf exp[d/T]}

where g b, ¢, and d are parameters that are afunction of
SOC and A% SOC. However, due to the ladk of analyzed
test data & other than 60% SOC, the exad SOC
dependence has not been determined yet. Also, band d
arerelated to adivation energies E, and Ey such that b =
Ey/R and d = E4/R, and where R is the gas constant.

The square roct of time dependence can be acounted
for by either a one-dimensional diffusion type of
medhanism, presumably of the lithiumions, or by a
parabalic growth medanism for the growth of athin film
solid eledrolyte interface(SEl) layer on the anode and/or
cahode. The diffusion type of mechanism would arise
from the lithium ions diff using into/out of the dedrodes,
throughthe dedrolyte, through the separator, or through
the SEI that is present on the surfaceof the dedrode
materials. The growth of athin film mechanism could be
related to the growth of a SEI layer on the anode and/or
cahode & afunction of test time. Theincreased
thicknessof the SEI film would increase the resistance of
the cdl due to an increased hindrance of the transport of
lithium ions through the SEI layer to subsequently be
intercd ated/de-intercdated into the adive dedrode
material. The best physicd/chemicd model appeas at
present to be the growth of the SEI layer.

Figure 1 shows a representative comparison of test
results to the model at 60% SOC. The model fit is
excdlent except for the 70°C data as discussed above.
Leakage current and differential cgpadtance analyses
were dso performed. A complete discussion of the
resultsis given in Reference 3.

Thisisan acount of work performed for the U.S.
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Figure 1. 3% Delta SOC Regen Resistance Cycle Life
Data and Model Predictions for ATD Gen 1 Cells at 60%
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