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Abstract

The overcharge behaviour of AlIR€@oated LiCoQ cathodes as a function of coating thickness is investigated in Li-ion cells at 1 and
2 C overcharging rates. The AlIR@oating thickness is controlled by the concentration of the coating solution. During 1 C-overcharging
to 12V, the 5V plateau region, which is indicative of both electrolyte oxidation and an exothermic reaction between the electrolyte and
the cathode, decreases with increasing Ajle@ating thickness (AlP@concentration). Therefore, a Li-ion cell containing a P100-coated
LiCoO, cathode (AIPQ coating thickness estimated as 1000 A) does not show the 5V plateau, and displays the lowest cell external
temperature of 60C, even at 12 V. This suggests that the reaction at the 5V plateau strongly influences the final external temperature
of the cell. When a higher current is applied (2 C), cells with bare or P10-coated Li€CaiBodes either burst or explode, and reach
external temperatures of over 275. By contrast, cells with P30 and P100-coated cathodes show only a swollen external appearance with
temperature profiles similar to those at the 1 C-overcharging rate.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction flammable electrolytes leads to substantial heat generation,
which is reported to be a trigger point for thermal runaway
Safety is considered to be one of the most important fea- [6—10]. This is accompanied either by pressure build-up,
tures of Li-ion cells, and a cell that does not meet safety which leads to bursting of the cell, or by fire due to an inter-
guidelines cannot be used in mobile applicatiph2]. To nal short-circuit. Therefore, the guidelines recommend that
date, the capacity of cells of the same size has increased bya cell that emits smoke, catches fire or explodes during the
7% per each year. Protective devices are required to securabuse tests are unacceptable for potential applications.
cell safety. In this respect, all producers of Li-ion cells have  Several authors have reported that additives in the elec-
installed protecting devices in the battery pack itself or have trolytes can prevent thermal runawfh0-14] It has been
produced batteries that block over-temperature, over-current,found that additives such as phosphorus compounds or
overcharging, and a safety pressure-release rupture or ventaromatic compounds with two methyl groups can reduce
Nevertheless, many safety accidents involving smoke, fire orthe flammable nature of the electrolytes. Unfortunately,
explosions due to defects or malfunction of the devices have however, the electrochemical properties of the cathode and
been reportef3,4]. Among the safety tests for Li-ion cells, anode materials were damaged by these additives. Recently,
an overcharge test to 12V is the most critical according to Cho et al.[5] showed that a AIP@nanoparticle coating on
the guidelineqd1,2]. In this test, a cell is forced to charge the LiCoQ, cathode remarkably improves thermal stability,
to the limit of the power supply, 12 V. Under such condi- even at 12V. For example, Li-ion cells with a 1600 mAh
tions, a cell using LiCo®@ and without any additives that capacity did not exhibit thermal runaway during 1 C over-
retard the flammable nature of the electrolyte experiencedcharging despite being short-circuited at 125}. In addi-
an incendiary explosiof6]. Among the cell components, tion, the thermal stability of the cells was superior to that of
violent exothermic reactivity of the delithiated cathode with cells with a AbO3 and ZrQ coating of the cathode derived
from a sol-gel methofll5-17]
In this communication, the dependence of the overcharge
* Tel.: +82-54-467-4462; fax:+82-54-467-4477. behaviour of LiCoQ cathode material on AlPOcoating
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rates. The temperature of the cell surface is monitored using LI LI L N L N LY I ) LY IO B
a type K thermocouple attached to the centre of the largest 2~ @
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A coating solution of dispersed AlRhanoparticles was
prepared by dissolving Al(N§)3-9H,0 and (NH;)HPOy 6
in distilled water{18]. LiCoO, powders with an average par-
ticle size of 1Qum (BET surface area of 0.29g~1) were .

then added slowly to the coating solution. After mixing the 113 ;

slurry thoroughly, it was dried in an oven at 120 for 10 h, . 100 -
and fired at 700C for 5h in a furnace. The AlPOcoat- 03 90 -
ing thickness was controlled by varying the concentration of £ 80 -
the coating solution. The AlP{coating thickness prepared 5 70 —:
from 1 g of AI(NO3)3-9H,0 and 0.38 g of (Ni),HPO, was g 60 -
observed by auger electron spectroscopy (AES) to be 50 A. o 50 —
Henceforth, this is referred to as a P10-coated Ligo&th- &8 40 -
ode. In order to prepare P30 and P100-coated cathodes, the 3 30 —
weight of each of the starting chemicals was multiplied by T 20 =]
3 and 10 from that used in the P10 coating solution. The © 10 -]
AIPO4 coating thickness of P30 and P100-coated cathodes 0] St A
were observed to be approximately 200 and 1000 A, respec- 020 % 4$ime5(o|v|ingo 080 %0 0

tively, as confirmed by TEM5] and AES. The standard
capacity of the Li-ion cell was set to 900 mAh (ceII size: Fig. 1. Plots of (a) cell voltage curves of Li-ion cells with bare and

: - i AIPO4-coated LiCoQ cathodes with different AlPQcoating thickness
3.5mmx 65 mmx 50 mm (thICknesg Iengthx Wldth))' El as function of time at 1C rate (0.9A) and (b) cell se temperature vs.

ther the AIPQ nanOpartide'CoatEd LiCofor bare LiCoQ time of cells shown in (a). Cells charged to 12V at 1C rate, and held at
was used as the cathode, and the anode material was Synhis voltage until applied current decreases to 30 mA.
thetic graphite. The dimensional ratio of the anode to cath-
ode was set at 1.2. The electrolyte used was 1.03 M 4.IPF
with ethylene carbonate/diethylene carbonate/ethyl-methyl reaction at 5V is always accompanied by substantial heat
carbonate (EC/DEC/EMC) (3/3/4vol.%). For the 1 and 2 C generation; the degree of heat generation can be estimated
overcharge experiments to 12V, fresh cells were initially cy- by plotting the change in the cell surface temperature. The
cled at a 0.2 C rate for 1 cycle, and charged to 4.2V with a surface temperature of the cell at the 5V plateau in the Li-ion
constant current corresponding to 1 C (900 mA). This was cell which contained the bare cathode is 200
followed by holding the cell at 4.2V until the current de- The highest temperature of the P10-coated Lig®3im-
creased to 30 mA. Subsequently, the cells were charged tailar to that of the bare sample, but the temperatures of the
12V at a rate of 1 C (equivalent to 140 = 0.9 A) using P30 and P100-coated cathodes are lower, namely, 75 and
an identical charging method to 4.2 V. In order to evaluate the 60°C, respectively. These results indicate that a protective
thermal stability of the delithiated LCoO, at 4.3V (corre- AIPOy coating layer is quite effective in poisoning the chem-
sponding to 4.45V versus Li metal), the fresh cells were cy- ical reactions between the electrolyte and the cathode.
cled initially at a 0.2 C rate and charged to 4.3 V. Finally, the At the end of the 5V plateau, there is a steep voltage
charged cells were kept in a hot oven at 280for 75 min. increase to 12V at which separator shut-down occurred
when the internal cell temperature was >*@0(note, a
temperature difference of over 8C between the internal
3. Results and discussion and external cell has been reporféd). At 12V, the sur-
face cell temperature is strongly dependent on the AIPO
The voltage and temperature profiles of cells with bare coating thickness, and the cell with the P100-coated cath-
and P10, 30, 100-coated LiCe@athodes as a function of ode shows the lowest temperature while that with a bare
time at the 1 overcharging rate to 12V are showifkiig. 1 sample recorded the highest surface temperature. A com-
During 1 C overcharging, a plateau at 5V in the cell which parison of the maximum surface temperatures of cells with
contained the bare cathode is observed. This is related tobare and AlPQ@-coated cathodes at 5 and 12V is given in
electrolyte oxidation and a reaction between the electrolyte Fig. 2 On increasing the cell voltage from 5 to 12V, there
and the cathode. The plateau region decreases with increases an increase in temperature due to heat generation that
in the thickness of the AlPfcoating. Since the chemical results from the decomposition of the anode, binder and
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i°R. Therefore, the rise in cell surface temperature is faster
at 2C than at 1 C, as shownliig. 3. At12V, the Li-ion cell

with the bare electrode became short-circuited (voltage sud-
denly dropped to 0V), and the temperature spiked to°400
The anode cap housing of the cell was lost and totally
burnt-out, as shown ifrig. 4a Even though this was much
less in the cell with the P10-coated cathode, the external tem-
perature of the cell was 27& after being short-circuited.
The safety rupture unit at the bottom of the cell was opened
and soot-covered~g. 4b). It should be noted, however, that
the cell surface temperatures of the bare and P10-coated
LiCoO, cells were approximately 175 and 2245, re-
spectively, before an internal-short occurred. Therefore, an
internal-short resulted in a catastrophic failure of the cell.

Fig. 2. Plot of the maximum cell surface temperatures at 5 and 12V as
function of AIPQy coating thickness (concentration).

lithium metal deposited on the anode, as well as an increase
in internal resistancg6—8]. Nevertheless, the contribution
from these is approximately 30-36 less than that from
the reactions at 5V, which suggests that most of the heat
generation in the cell originates from decomposition of the
electrolyte and the cathode.

At 2 C overcharging, the amount of heat generation in-
creases proportionally with the internal resistance, i.e. with

12—

S
I

®
|

o
|

Crate=2C

P30

P100

Cell Voltage (V)
T

~
|

N
|

il (b)

Bare

P10

o

300
250
200
150
100

Cell Surface Temperature (°C)

Fig. 3. Plots of (a) cell voltage curves of Li-ion cells with bare and
AlPO4-coated LiCoQ cathode with different AIP@ coating thickness as
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a function of time at 2 C rate (1.8 A) and (b) cell surface temperature vs.

time of cells in (a). Cells charged 12V at a 2C rate, and held at this Fig. 4. Pictures of cell external appearance after 2 C overcharging exper-
voltage until applied current decreases to 30 mA.

iments.



J. Cho/Journal of Power Sources 126 (2004) 186-189

4~5 T I T I T I T I T I T I T I T 350
4.0 = ) o
- Bare — 300 é.)
R 3.5 _— \‘4 > i E
= 30 v —250 %
& a5 i T 2
S L : —200 §
> 20— 1 | |
= 5 ' P30 g
3 15 D n —150 &
B Pys H _ -]
0= .- 1 z
L . ! —100 5
0.5 [+ ! 13
0.0 ' T B | I AT N N 50
0 10 20 30 40 50 60 70 100
Time (Min.)

Fig. 5. Plot of change in cell surface temperature in Li-ion cells with
bare and P30-coated LiCeQathode when exposed to 18D in a hot
oven for 75 min.

Even though the 5V plateau region during 2 C-overcharging
was smaller than that during 1 C-overcharging in all the
cells, the cell temperature rapidly increased when the cell
voltage spiked at 12 V. This indicates that the reaction rate
of the cathode and the electrolyte decomposition rate both

189

is increased, the cell safety improves even at a 2 C-overchar-
ging rate and shows no thermal runaway. It is believed that
will allow the development of a Li-ion cell that will not
require a protection circuit mode (PCM). (Note, the PCM
consists of a material with a positive temperature coeffi-
cient and protective circuits that block overcharging above
4.35V, overdischarging below 2V, and overcurrent above
1C)
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