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Abstract

In this paper the performance of the LiFeBatt ln-icell was measured using a
number of tests including capacity measurementpaaty as a function of
temperature, ohmic resistance, spectral impeddmgle,power partial state of charge
(PSOC) pulsed cycling, pulse power measuremendsaarover-charge/voltage abuse
test. The goal of this work was to evaluate the performance of the iron phdsphate
ion battery technology for utility applications redng frequent charges and
discharges, such as voltage support, frequencylagy and wind farm energy
smoothing. Test results have indicated that the LiFeBatt batterpolegy can
function up to a 10Cdischarge rate with minimal energy loss compacethé 1 h
discharge rate (1C). The utility PSOC cycle test at up to th@diSe rate completed
8,394 PSOC pulsed cycles with a gradual loss ia@gpof 10 to 15% depending on
how the capacity loss is calculated. The majasftthe capacity loss occurred during
the initial 2,000 cycles, so it is projected that the LiFeBatt should PSOC wgtle
beyond 8,394 cycles with less than 20% capacity. Idkhe DC ohmic resistance and
AC spectral impedance measurements also indicate that there were only very small
changes after cycling. Finally, at a 1C charge,rdite over charge/voltage abuse test
resulted in the cell venting electrolyte at 110 &ffer 30 minutes and then open-
circuiting at 120 °C with no sparks, fire, or voltage across the cell.
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1. INTRODUCTION

This work was supported by theS. Department of Energy (DOE) Office of Electricity
Delivery & Energy Reliability The DOE program goals are directed at supporting indus
and utilities in the areas of:

! Development and evaluation of integrated electrical gneyage systems;

! Development of batteries, superconducting magneticrelaceénergy storage
(SMES), flywheels, super capacitors and other advaeceryy storage devices;

! Improvement in multi-use power electronics, controls, @m™munications
components;

! Analysis and comparison of technologies and applications; and

! Encouraging program participation by industry, acadenesearch
organizations and regulatory agencies.

The work reported in this paper is part of our gffo characterize the performance
parameters of advanced batteries. The iron phosphate Li-ion battery technology has recently
entered the battery market with a number of marnufacs from the United State&{23and
Valencd, Taiwan (iFeBatf), and ChinaAA Portable PoweandK2 Energy. This
technology was originally developed and patente®bylohn Goodenough and his team at
the University of Texas in 1996, additional work by Université de Montreal (UDM) and
Hydro-Quebec resulted in the addition of carbon to tHedPQ, in a process called carbon
Nano-painting. This process improves energy density angpperformance. In 2002,

UDM and Hydro-Quebec, as owner or co-owner of mangrgaton LiFePg@echnology,
establishedPhostech Lithium Incto commercialize the product. Phostech Lithium produces
material to replace the LiCe@nd other cathode materials typically used indn-batteries.

The LiFeBatt battery uses iron phosphate cathode matedalbe it has a number of
advantages over conventional Li-ion cathode materials. These advantages includedgwer c
improved safety, and high power performance. The nigsifisant limitation to the iron
phosphate cathode material is the lower energyityeatsapproximately 80 Wh/Kg vs. 165-
180 Wh/Kg for LiCoQ and other oxide cathodes[1]. However, as a result of the safety and
power performance improvements, the iron phosphaterLbattery technology is being
evaluated for new market areas including hybrid elegefucles, utility energy storage, and
other large energy storage applications. In this paper the performance ifaBatt cell

was evaluated using high rate capacity tests, low teahype capacity, ohmic resistance,
spectral impedance, partial state of charge (PSOCg polser cycling, pulse power
performance, and an over-charge/voltage abuse test.

In Figure 1 is a photograph of one of the LiFeBatt 10 Ah cellss dell has dimensions
of 40 mm in dia by 139 mm long, weighs 360 g, aad & nominal rated capacity of 30 Wh.
Table 1 summarizes the LiFeBatt cell specifications



Figure 1. LiFeBatt Li-FePO 4 Cell Under Test.

Table 1. LiFeBatt Cell Specifications.

Model #PC40138F1W Cell

Operating voltage window 2.10!3.65V
Max voltage 3.65V
Discharge end voltage (1C rate) 210V
Charge Regulation Voltage 3.65V

Full Charge Termination (V, I, Time

)

3.65V and @dr
60 min @ 3.65V

Maximum Charge Current 30 A
Maximum Pulse Current, | 140 A
Maximum Constant Current, | 120 A
Internal Ohmic resistance, mOhm
+25 <6 mohm
Ah Capacity (0.25C and 1C rate) 10,000 mAh, 9,0
mAh
Energy stored in operating voltage 80 Wh/kg
window, Wh or kJ 170 Wh/L
Overall dimensions, mm 171.1 x 40.6
Weight, kg 0.360
Operating temperature, 0 to 45 Chr
-10 to 55 Dch
Storage temperaturé, -10to 45
Cycle life, cycles 1,500

10












Figure 2. Typical Utility Energy Pulses (Charles Koontz, WPS).
The cycle profile in this test is illustrated in Figure 3 and consists of the following steps:

Charge cell at 1C rate until voltage reaches Chastiage (3.65V).

Keep voltage at Charge voltage until current tapetsz A.

Rest for 30 min.

Discharge at 1C rate to end voltage (2.1 V).

Rest for 30 min.

Recharge cell as in step 2.

Discharge at 1C rate to 50% Ah capacity.

Rest for 5 min.

Discharge at 1C rate for 6 min. (10% DOD).

10 Rest for 5 min.

11 Charge at 1C rate for 6 min.

12 Rest for 5 min.

13 Repeat steps 9 through 12 for 100 cycles.

14 Measure available capacity as specified in stepsoBigh 5.

15 Repeat 100 cycle profile five times per test seqee

16 Evaluate battery performance and determine if higher iplewels are possible
and if the PSOC cycle interval can be extended to 500000 cycles.

17 Additional testing may be conducted at the 2Cji8 or 4C, 1.5 min. rates and

times (10% DOD).
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FreedomCAR Battery Test Manual For
Power-Assist Hybrid Electric VehiclesThis test procedure uses a 10 seconddisCharge
pulse and a 3.75&harge pulse 40 seconds apart (see Fig. 4). Theeigsénce is listed below:

1) Measure capacity at the 1C rate.

2) Fully recharge cell.

3) Allow cell to rest open-circuit for 1 h.

4) Discharge cell 10% at the 1C rate,

5) Allow the cell to rest for 1 h rest open-circuit @sere Voc).

6) Discharge cell at the 5Cate for 10 seconds (measure end of discharge V).
7) Allow the cell to rest open-circuit for 40 seconds (measure Voc).

8) Charge at the 3.75,Cate for 10 seconds (measure end of charge V).

9) Discharge at the 1C rate 10% of the cell capacity.

10) Repeat steps 4 through 8 until battery is at 10%6.S
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Figure 4. Hybrid Pulse Power Test.

Max power was calculated from the recorded data and using the equationsrssteps 13
and 14 above. Using ohms law, current is calcdlatedividing the voltage by resistance. The
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3.2 DC Ohmic Resistance

Figure 6 shows the initial ohmic resistance measuremenefio#l at 0.0036 ohms /! 1)
and after 8,394 PSOC pulsed cycles at 0.0042 ohms. Thsuregeent is made using a linear
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Figure 11. Recharge vs. Temperature at 10A.

3.6 Hybrid Pulse Power Test

The hybrid pulse power test results are shownguofé 12 and 13. As expected, the
maximum discharge pulse at a low state of charge is significantly reduced and as the SOC
increases so does the pulse power, from 164 W (10% SOC) to 380%/SOC). Usually the
charge pulse has a similar decrease in power &Q@iieincreases, but in this case it remains
fairly constant at about 200 W between 30 and 60% SOC. In addition, at 80 and 90#eSOC
charge pulse is also constant at about 180 W. This behavior was replivated ttmes and
might possibly reflect a functional dependence dfiogedance on SOC. In Figure 13 the
available battery energy is plotted on the abscissax{X)} providing an operational range with
available energy. This can be useful for scalipgaithe necessary power and energy levels

needed to meet the 10 second pulse power requiremehts adésired system.
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3.8 Over Voltage/Charge Abuse Test

In Figure 16 the events in an over charge/voltage abuseg¢adb@umented. Initially, as
expected, the cell voltage increases quickly whiliagp charged at 10 A, but then slowly
increases after 4.7 V. The cell voltage slowly increasealdout 30 minutes while the cell
temperature continues to slowly rise to about XD@twhich time cell voltage spikes to the
maximum value of 12 V. At about 110 °C the cell vents liquid electrolyte without anyrfire
sparks and then open-circuits at 116 °C. Aftemegiecuiting and a loss of electrolyte, the cell
looses all voltage at 120 °C. The data acquisgiwts down due to a no voltage condition, but
temperature is manually monitored until the cell hescits maximum value at 160 °C about 20
minutes after the cell open-circuited.

26



Voltage and Current

0 5 10 15 20
Time (Min)
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