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Flectrical-Energy-Storage Unit (EESU) Utilizing Ceramic and Integrated-Circuit

Technologies for Replacement of Electrochemical Batteries

Background of the Invention

Field of tlie Invention

This invention relates generally to energy-storage devices and relates more
partlcularly to hlgh-penmttmty ceramic components utilized in an array conﬁguranon
for apphcatlon in ultrahlgh-electncal-energy storage dev:ees e

The internal-combustion-engine (ICE) powered yehielesvhave as their electrical
energy sources a generator and battery system.‘Thie electﬁc'al system powers the vehicle |
accessories, which include the radio, lights, heating, and air conditioning. The generator
is driven by a belt and pulley system and some of its power is also used to recharge the
° battery When the ICE is in operatton The battery mltlally provxdes the reqmred electrical
' power to operate an electncal motor that is used to turn the ICE dunng the starting - _
operation and the 1gmtlon system. The most common batteries in use today are flooded
' lead-acld sealed gel lead-acld Nickel—Cadmlum (Nl-Cad) Nickel Metal Hydnde :
(NiMH), and NlckeI-ch (Ni-Z). References on the subject of electrolchenucal battenes
include the followmg Guardlan, Inc., "Product Specnﬁcatlon" Feb 2,2001; K A
Nishimura, "NiCd Battery”, Science Electromcs FAQ V1.00: Nov. 20, 1996, Ovonics,
Inc., "Product Data Sheet": no date; Evercel, Inc., "Batte.ryData Sheet - Model 100": no
date; S. R. Ovshinsky et al., "Ovonics NiIMH B_atterie_s': The Enabling Technology for
Heavy-Duty Electrical and Hybrid Electric Vehicles", Ovonics publication 2000-01-
3108: Nov. 5, 1999; B. Dickinson et al., "Issues and Benefits with Fast Charging
Industrial Batteries", AeroVeronment, Inc. article: no date. v

Each specific type of battery has characteristics, which make it either more or less
desirable to use in a specific application. Cost is always a major factorv and the NIMH
battery tops the list in price with the flooded lead-acid battery being the most
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inexpensive. Evercel manufactures the Ni-Z battery and by a patented process, with the
claim to haVe the highest power-per-pound ratio of any battery. See Table 1 below for
comparisons among the various batteries. What is lost in the cost translation is the fact
that NiMH batteries yield nearly twice the performance (energy density per weight of the
battery) than do eonventiohal lead-acid batteries. A major drawback to the NiMH battery
is the very hlgh self-discharge rate of approximately 5 to I(l% per day. This would make
the battery uselessin a few weeks. The Ni-Cad battery as does the lead-ac1d battery also
has self- drscharge but it is m the range of about 1% per day and both contain hazardous

~ materials such as acrd or highly toxic cadmmm The Nr-Z and the NiMH batteries contain

potassium hydroxide and this electrolyte in moderate and hzgh eoncentratlons is very
caustic and will cause severe burns to tissue and corrosron to many metals such as
beryllium, magnesium, alummum, zinc, and tm ‘ L

Another factor that must be considered when making a battery cemparison is the
recharge time. Lead-acid batteries require a very long recharge period, as long as 6 to 8
e hours Lead-acrd battenes, because of their chemlcal makeup, cannot sustam h1gh current
.‘ ‘or voltage contmuously during chargmg The lead plates wrthm the battery heat rapidly
and cool very slowly. Too much heat results ina condltron known as " gassmg" where
hydrogen and oxygen gases are released from the battery’s vent cap Over tlme gassmg
reduces the eﬁ‘ectrveness of the battery and also mereases the need for battery
mamtenance ie. requmng perlodlc deromzed or drstllled Water addltron Battenes such ,
as Ni-Cad and NiMH are not as susceptrble to heat and can be recharged in less time,
allowing for high current or voltage changes which can bring th_e_battery from a 20%
state of charge to an 80% state of charge in as quiek as 20'minutes The time to fully
recharge these batteries can take longer than an hour. Common to all present day batteries
is a finite life and if they are fully discharged and reeharged ona regular basis their life is
reduced considerably.
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Summary of the Invention

In accordance with the illustrated preferred embodiment, the present invention
provides a unique electrical-energy-storage unit that has the capability to store ultrahigh
amounts of energy.

One aspect of the present invention is that the materials used to produce the
energy-storage unit, EESU, are not explosiye corrosive, or hazardous ‘The basis
material, a h1gh—perm1tt1v1ty calcined composmon-modlﬁed banum titanate powder is an
‘mert powder and is described i in the followmg references S A Bruno D.K Swanson,
and I. Burn, 1. Am Ceram Soc. 76, 1233 (1993); P Hansen,, U. S Pateni No 6, 078, 494
1ssued Jun. 20, 2000. The most cost—eﬁ'ectlve metal that can be used for the conductron . e

' paths is nickel. Nickel as a metal is not hazardous and only becomes a problem 1f itis 1n
solution such as in deposmon of electroless nickel. None of the EESU materials will
explode when bemg recharged or impacted. Thus the EESU is a safe product when used
in electric vehicles, buses, bicycles, tractors or any device that is used for transportatlon
orto perform work. It could also be used for storing electncal power generated from solar

L .voltalc cells or other alternatlve sources for resrdentral commerclal, or industrial

& apphcatrons The EESU will also allow power averaglng of power plants utrhzmg SPVC
or wmd technology and w111 have the capablhty to provide this function by stormg
suﬂ'lcrent electncal energy so that when the sun is not shmnrng or the wmd is not blowrng :

| they can meet the energy requrrements of resrdentral commercral, and mdustnal srtes L

| Another aspect of the present 1nventxon 1s that the EESU lmtlal spec1ﬁcat10ns will
not degrade due to berng fully discharged or recharged Deep cyclmg the EESU through
the life of any commercial product that may use it will not cause the EESU spec1ﬁcatlons
to be degraded The EESU can also be rapidly charged wrthout damagmg the material or
reducmg its life. The cycle time to fully charge a 52 kWeh EESU would be in the 1 range
of 4 to 6 minutes with sufficient cooling of the power cables and connectrons This and
the ability of a bank of EESUs to store sufficient energy to supply 400 electric vehicles or
more with a single charge will allow electrical energy stations that havethe same features
as the present day gasoline stations for the ICE cars. The bank of EESUs will store the
energy being delivered to it from the present day utility power grid during the night when



