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Abstract

At low temperatures, especially when the temperature drops to —20 degrees,
or even lower, the energy and power of lithium ion batteries are obviously de-
creased by [1] [2] [3] [4] [5]. In order to further grasp the lithium ion power
battery charging characteristics at low temperatures and low temperature dis-
charge performance test bench experiment simulates the low temperature en-
vironment, so as to ascertain the low charge discharge characteristics, provide
the basis and guidance for the application of low temperature battery. In this
paper, the cathode is three yuan for the anode material, graphite type 18,650
power lithium ion battery business as a research object of low temperature
test, through the research on the low temperature performance of single bat-
tery, not only can provide the basis for the design of thermal management
system of electric vehicle, but also provide theoretical and experimental basis
for the AC excitation of heating.
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1. Introduction

In recent years, electric vehicles are developing rapidly, because of the unique ad-
vantages of electric vehicles. Various countries have carried out in-depth research
on all aspects of electric vehicles, and achieved fruitful results. As the key compo-
nent of electric vehicle, power battery has also developed rapidly in technology.
The performance and cost of electric vehicles are significantly affected by the per-

formance and life of power batteries. Lead-acid batteries, nickel cadmium batte-
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ries, nickel hydrogen batteries, lithium ion battery and super capacitor is more
common on the electric vehicle power battery, lithium ion batteries for the advan-
tages of long service life, low self-discharge rate, high power density, high energy
density and no pollution, gradually replace lead-acid batteries, nickel metal hy-
dride batteries and nickel cadmium batteries [6]. A power battery used for electric
vehicles. Although lithium ion batteries have obvious advantages, the low temper-
ature performance of lithium ion batteries is still a problem that cannot be ig-
nored, and has attracted widespread attention. In low temperature environment,
the charge discharge performance of lithium ion battery decreased significantly,
lithium ion battery manufacturing enterprises and scientific research personnel
have low charge discharge performance of lithium ion battery launched a lot of
research work. The results show that the low temperature performance of lithium
ion battery is due to the diffusion of lithium ion in the electrode, the surface charge
transfer resistance and SEI film caused by factors such as [7]-[10], but did not de-
termine the main factors influencing the performance of low temperature. The
energy density decreased from 100Wh/kg at 25 to 5Wh/kg at —40. The power den-
sity can be reduced from 800Wh/kg at 25 to 10Wh/kg at —40 .The experimental
research results show that the battery power at low temperature decreased energy
attenuation is the main cause of the increase of the interface impedance of electro-
lyte and electrode material particles, and not due to the ionic conductivity of de-
creased electrolyte caused by [1] [3] [5]. Obviously, in low temperature environ-
ment, the charge performance and discharge performance of Li ion battery are
obviously different, so it is necessary to study [11] [12] with single low tem-
perature discharge and low temperature charging. In the low temperature
lower than 10 DEG C, although the discharge of lithium ion battery can de-
crease in energy and power, but the low temperature environment cannot
charge, because of low temperature charge may cause precipitation and accu-
mulation of lithium metal and lithium dendrite [13], lead to security risks.
However, recent studies have shown that even if there is a lithium metal preci-
pitation, it will soon react with carbon negative carbon to produce carbon
compounds, thereby inhibiting the formation of lithium dendrites. It is there-
fore pointed out that charging with small enough current at low temperatures
is also permissible. In this paper, the charge and discharge experiments of li-
thium jon batteries with 18,650 and three materials were carried out. The
temperature gradient was set at 10°C, 0°C, —-10°C, -15°C, -20°C, -25°C,
—-30°C, respectively. The experimental results show that the discharge voltage
of the low temperature drops greatly, and the discharge performance of the
battery is seriously deteriorated, which is lower than some temperature envi-
ronment and even cannot discharge, which seriously affects the use of the bat-
tery. The charging experiments at 25°C, —15°C and -25°C temperatures show
that the low temperature charging not only has small charging power and long
charging time, but also causes fatal damage to the battery, which seriously af-

fects its service life.
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2. Lithium Ion Power Battery Test Platform

The structure of test platform for lithium ion power battery is shown in Figure
1. The charging and discharging equipment of Li ion power battery is
CT-4008-5V60A-NFA produced by Shenzhen new will Electronics Co., Itd.
CT-4008-5V60A-NFA is a battery charge and discharge device developed for
battery monomer testing. The maximum voltage is 5V, and the test accuracy is
up to 0.1 Mv. The high and low temperature alternating test box produced by
Shanghai Su Ying Test Instrument Co., Ltd., model is GDJ-250. The range of
temperature rise is —60 - 150, and the temperature control accuracy is +0.1 cen-
tigrade. The Figure 1 power test platform function of the temperature box is to
simulate the different environmental temperature. During the test, the power
battery will be placed in the temperature box. The temperature measurement
device uses Agilent KFYSIGHT 34972A to display temperature measurement in
real time. In this paper, 18,650 type power lithium ion commercial battery with
positive electrode material of three yuan and negative graphite as the research

object was tested at low temperature.

3. Experimental Scheme of Battery at Low Temperature

The size of the 18,650 type lithium ion battery is small, and it can be approx-
imately considered that the battery has uniform heat generation and small in-
ternal and external temperature difference. Therefore, the whole battery temper-
ature can be approximately estimated by measuring the surface temperature of
the battery. As shown in Figure 2, Figure 2(A) high thermal conductivity (6
W/mK), ultra-low hardness (50Shore00), high electrical insulation (flame retar-
dant grade V-0, high voltage 13 Kv/mm, volume >1012 Ohm-cm, low imped-
ance) oil, high reliability, wide range of working temperature (-45 DEG - +200

NEWARE Charge-discharge Device

DC Power

Agilent Thermometer Incubator

Figure 1. Power test platform.
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Figure 2. Distribution diagram of thermal conductive silica gel and thermocouple.

DEG) with self-viscous heat-conducting silica sheets will be T type thermo-
couple probe uniformly pasted on the cell surface, as shown in Figure 2(B), is
used for temperature monitoring of battery discharge process changes.

The battery positive and negative terminal clamp and shown in Figure 1
NEWARE charge discharge testing instrument is connected to load as shown in
Figure 3(A) shows the state of the lithium ion battery card into the fixture as
shown in Figure 3(B) is shown in Figure 1, placed in the high and low temper-
ature thermostat. During the testing process, the battery is completely exposed
to the test chamber of the constant temperature box, and the circulating con-
stant temperature cold air is circulated in the storehouse, so that the battery can
be cooled by convection heat transfer during the testing process. Test of low
temperature discharge performance of a cell with convective heat transfer by
experimental steps shown in Table 1. The low temperature (X °C) in Table 1
represents 10°C, 0°C, —=5°C, —10°C, —15°C, —20°C, —25°C and —-30°C, respec-
tively.

4. Low Temperature Discharge Experiment and Result
Analysis of Battery

Room temperature constant current and voltage when fully charged, the battery
placed aside enough long time at 10 DEG and 0 DEG and -5 DEG and -10 DEG
and —15 DEG and —20 DEG and -25 DEG C and -30 in low temperature envi-
ronment, the whole cell and no temperature difference, have reached the re-
quired temperature, and then to 0.5C, 1C, respectively. In order to test the dis-
charge characteristics and discharge capacity of different rate at corresponding
temperature, and to test the influence of low temperature discharge on battery
capacity and battery impedance. Figures 4-6 are discharge curves of constant
discharge at constant rates of 0.5C, 1C and 2C at different temperatures.

From the figure, no matter how much the discharge rate constant current
discharge, the same magnification, the ambient temperature is low, the platform
voltage of the battery is low, the average voltage is low, the discharge capacity is
small, and the initial pressure drop more. As can be seen from the discharge
curve, slope discharge platform under different temperatures are basically the

same, only is the starting pressure different, the lower the temperature the more
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Figure 3. Battery clamp and installation method.

Table 1. Experimental steps of low temperature discharge performance test of battery.

step 1
step 2
step 3
step 4
step 5
step 6
step 7
step 8
step 9
step 10
step 11
step 12
step 13

step 14

Capacity and DC impedance calibration at room temperature (25°C)
Constant current and constant voltage charging at ambient temperature (25°C)
Hold the battery for 5 hours at low temperature (X°C)
0.5C constant current discharge at low temperature (X°C)

Hold the battery for 5 hours at room temperature (25°C)

Constant current and constant voltage charging at ambient temperature (25°C)
Hold the battery for 5 hours at low temperature (X°C)
1C constant current discharge at low temperature (X°C)

Hold the battery for 5 hours at room temperature (25°C)

Constant current and constant voltage charging at ambient temperature (25°C)
Hold the battery for 5 hours at low temperature (X°C)
2C constant current discharge at low temperature (X°C)

Capacity and DC impedance calibration at room temperature (25°C)

Transform X, repeat step 2~ step 13 until all cryogenic temperatures are tested

44

voltage/V
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——-10°C
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Figure 4. 0.5C rate discharge curve of Li ion battery at different temperatures.

downward shift, the fundamental reason is that with the decrease of temperature

rising, the impedance of the battery, so the battery internal resistance partial
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Figure 5. 1C rate discharge curve of Li ion battery at different temperatures.
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Figure 6. 2C rate discharge curve of Li ion battery at different temperatures.

pressure increasing, decreasing the output voltage of the battery. With the de-
crease of temperature, the battery capacity decreases, partly because the duration
of the platform and voltage of the battery is shortened and that with the decrease
of the temperature of the battery, the activity of lithium ion diffusion from the
cathode gradually becomes less, on the other hand because of the internal resis-
tance of the battery becomes large, internal pressure becomes larger, the battery
reached earlier cut-off voltage. Comparison of different discharge curves of bat-
tery discharge rate increases, the initial discharge voltage is small, mainly be-
cause of the internal resistance of the battery under the same condition, the dis-
charge current is, the higher the partial pressure resistance, so the output voltage
of the battery is small. From the same rate discharge curve, it can be seen that
with the decrease of temperature, the trend of voltage rise in the initial stage of
battery discharge is more obvious, mainly because the omics heat power equa-

tion produced by the battery internal resistance is as follows:

P=1°%R
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Pis omics heat power, it is battery discharge current, and R is battery internal
resistance. Energy conservation equation of heat generation and heat dissipation
in battery.

pCaT Jot = A(To-T)+P

Among them, the density of P battery, C capacity battery, 7 battery tempera-
ture, ¢time, lambda is the coefficient of thermal conductivity, 7, temperature, P
battery heating power, the rate of change can appear on the left side of the bat-
tery, the first battery for the right side of the equation and the outside heat ex-
change power outside the temperature is higher than the temperature of the bat-
tery is the battery when the battery is heated, the temperature is higher than the
outside temperature is battery cooling when the heating power is negative, the
second item for battery. With the fall of the ambient temperature, the battery
impedance R increasing, omics heating power P will produce more of the inter-
nal resistance of the battery, the temperature rise is faster, the temperature after
the cell activity increased faster, resistance decreases more quickly, improve the

battery output voltage is more obvious.

5. Experimental Scheme of Low Temperature Charging

In this section, a lithium ion battery with 18,650 or three materials is still used
for low temperature charging. The experimental platform is the same as the ex-
perimental platform of the low temperature discharge performance of the bat-

tery in Figure 1. The experimental procedure is shown in Table 2.

6. Experimental Results and Analysis of Low Temperature
Charging

Figure 7 is a constant current and constant voltage charging curve at different
temperatures. The arrow in the picture refers to the end of charging. From the
diagram, the lower the temperature, the higher the initial voltage of battery
charging, the shorter the constant current charging time, and the longer the
charging time in the constant voltage stage. Figure 8 is the battery charging

Table 2. Experimental steps for low temperature charging performance test of battery.

step 1 Capacity and DC impedance calibration at room temperature (25°C)

At constant temperature (25 0.5C), the discharge was 2.8V

step 2
constant at constant flow rate

step 3 Hold the battery for 5 hours at low temperature (X°C)

At low temperature (X"C), the charge is first charged at 0.5C
step 4 constant current to 4.2V, then the constant voltage is charged
until the current is less than or equal to 0.1C.

step 5 0.5C constant current discharge at low temperature (X°C)

step 6 Capacity and DC impedance calibration at room temperature (25°C)
step 7 Repeat 2 steps 2 - step 6

step 8 Replace the battery, change X, repeat step 1 - step6
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Figure 7. Constant current and constant voltage charging at different temperatures.
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Figure 8. Charging capacity diagram of constant temperature and constant pressure
with different temperature.

capacity in different temperature environment, including the constant current
phase charging power and constant voltage phase charging power. From the
combination of Figure 7 and Figure 8, with the decrease of temperature, the
constant current charging power is greatly reduced, and the constant voltage
charging power increases, but the time taken is longer. In the existing charging
strategy for electric vehicle charger, the constant voltage charging stage has been
canceled, retaining only the constant current charging stage, mainly because of
small battery charging power in constant pressure stage, and time consuming,
while the output power constant voltage charger to stage power is far less than
its own consumption, so the constant voltage charging efficiency the stage is low,
general measures are the ladder of the constant current charging, namely high
constant current charging, constant current charging and small. At low temper-
ature, the charge current of the battery constant voltage charging is smaller and
the charging efficiency is lower, so it is more harmful to the battery charging in

the low temperature environment. From Figure 8, with the decline of tempera-
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ture, the battery charging power decreased significantly, when —25 degrees, the
charging power has dropped to 50% of the normal temperature charging power,
seriously affecting the normal use of electric vehicles. If the constant voltage
charging phase is canceled, —25 can only charge about 1% of the normal tem-
perature charging power, which makes the electric vehicle unable to charge. So if
you don’t take heating measures, electric vehicles will be paralyzed at low tem-

peratures.

7. Cause Analysis of Low Temperature Performance
Deterioration of Battery

There are three different hypotheses about the deterioration of low temperature
performance of lithium ion batteries:

1) the ionic conductivity of electrolyte is too low at low temperature;

2) the low conductivity of SEI film formed at the interface of solid and liquid
at low temperature;

3) the solid phase diffusion coefficient of lithium ion in carbon anode material
is too low at low temperature.

The above three assumptions are established in specific cases, because the
performance of lithium ion batteries at low temperature is related to the positive
and negative electrode materials used in batteries, and the solvents and solutes
used in the battery electrolyte. The electrolyte solvent not only directly affects
the liquids temperature range of the electrolyte, but also directly participates in
the reaction of the SEI film. Increasing the conductivity of the electrolyte at low
temperature can improve the low temperature performance of the battery, indi-
cating that the low electrolyte conductivity at low temperature does lead to the
deterioration of the performance of the lithium-ion battery. But lower under low
temperature, the conductivity of electrolyte, while improving the conductivity of
SEI film, the low temperature performance of the battery does not deteriorate
further, but improved the conductivity of electrolyte, that is not the main reason
leading to the deterioration of the low temperature performance of lithium ion
battery, the electrical conductivity of SEI film under low temperature decrease
effect on cell performance deterioration is much greater than the low tempera-
ture electrolyte ion conductivity decreased the deterioration of the performance

of lithium ion battery.

8. Conclusions

The use of battery discharge heating will not cause permanent damage to the
battery, but it needs to ensure sufficient battery power, and the use of large cur-
rent discharge heating, the battery requirements harsh. The effect of low tem-
perature discharge heating is higher than that under constant temperature con-
dition, so the insulation effect of the battery should be improved as low as possi-
ble, and the heat dissipation coefficient between the battery and the outside
should be reduced.
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Comparison of lithium ion battery discharge performance at low temperature
and low temperature performance of the lithium ion battery charging, the
charging performance of low temperature is fatal where the performance deteri-
oration of its low temperature, low temperature discharge because although the
deterioration does not impact on battery life, and battery charging power, not
only low temperature charging, long charging time, but also have fatal damage
to the battery, seriously affecting their life.

Lithium ion battery has poor performance at low temperature, although it is
affected by ionic conductivity of electrolyte and ionic conductivity of SEI film,
but it is mainly caused by lower solid diffusion coefficient of lithium ion in car-
bon negative electrode at low temperature.

Low temperature discharge performance was studied in this paper. The single
cell, in order to better understand and apply it to the performance of electric ve-
hicle batteries, after studying around the battery module, provides basis for the

management of electric vehicle battery management.
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