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I ntroduction

1. Lithium lon Capacitor (LIC), which has been deped and commercialized
recently, is an asymmetrical capacitor and its detria spreading rapidly for applications
to effectively utilize renewable energy, energyoraary systems and so on. As a result of
this increasing demand, a new proper shipping name specific provisions for LIC
transport are needed.

Background infor mation on lithium ion capacitor

Definition of LIC

2. LIC is an electrochemical capacitor in which rgjgaand discharge can be repeated
by adsorption and desorption of ions at the pasitlectrode, and by intercalation and
deintercalation of lithium ions at the negativectlede. The positive electrode is comprised
of carbon material with a large surface area sxhadivated carbon, and the negative
electrode is comprised of carbon materials andrsavioich is possible to intercalate and
deintercalate with lithium ions. The electrolyteedsin LIC is a lithium ion salt organic
solution.

Constituent of L1C and working principle

3. LIC cell is comprised of a positive electrodegative electrode, separator and
electrolyte. (Fig.1) LIC is an asymmetrical capaiciwhich can store the electrical energy
by adsorption and desorption of ions at the interfaf the positive electrode material and
electrolyte, and by intercalation and deintercafatiof lithium ions at the negative
electrode. (Fig.2)

4, For LIC, which is currently commercialized, aetied carbon material similar to that
of electric double layer capacitors (EDLC) is usedthe positive electrode, and carbon
material with small surface area similar to thatithium ion batteries (LIB) is used for the
negative electrode, which is intercalated with megtallic lithium ions in advance.
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5. The intercalation of lithium lowers the negatisectrode potential and realizes a
high cell output voltage. In addition to high celutput voltage, LIC can store large
amounts of energy in the cell compared to EDLC tludéarge capacity of the negative
electrode compared to that of the positive eleerog intercalation of lithium ions. (Fig.3)

Since LIC cell, which is currently commercializéds a lower voltage limit (2.0V to 2.2V)

below which the cell loses its function same as,liifBannot be discharged to 0V.

Featuresof LIC (Comparison with other energy storage devices)

6. LIC has the following features compared to LigRl&DLC: (Table 1)

1. LIC shows higher power density compared to LBt energy density is
lower than LIB. Also, compared to EDLC, LIC showiglher working voltage and
higher energy density with similar power densitiyigd). As shown in discharge
curve (Fig.5), voltage of LIC changes with chardered, which is the typical
characteristic of capacitors. LIC shows excelleptle durability same as EDLC
compared to LIB;

2. The major difference between LIC, LIB and EDIsChat LIC and LIB have
lower voltage limits below which the cell lose théinction, whereas, EDLC can
lower the terminal voltage to 0V without any incemience; and

3. A major difference between LIC and LIB is thati@ated carbon is used for
LIC, while Li metal oxide is used for LIB as thegitive electrode. (Table)1When

Li metal oxide is used as a positive electrode;ntiaé runaway reactions may occur
by generation of free oxygen due to the decompmositif Li metal oxide upon rising
cell temperature. Since activated carbon is used assitive electrode for LIC,
thermal runaway reaction does not occur.

Applicationsof LIC

7. LIC with different energy levels (40F to 5000Ras been commercialized as
laminated or cylindrical cells.(Fig.6) LIC is oftemsed configured in modules, which
comprises cells connected in series and/or partleibtain proper voltage and energy
necessary for the specific application. (Fig.7)

8. LIC is quite suitable for applications which vég a high energy density, a high
power density and excellent durability. Potentgblecations for LIC are as follows:

» Back-up power sources, such as voltage sag conmiamaad uninterruptible power
supplies (UPS);

» Storage of renewable energy generation, such ad i photo voltaic power
generation; and

» Energy recovery systems for industrial machineny ansport systems.

Possiblerisksin transport and safety assessment of LIC

9. The following three potential transport riskd o€ are listed:
1. Transport risk of energy storage device inarghd state;

LIC has a lower voltage limit (2.0V to 2.2V), belowmhich, the cell loses its
function. Therefore, LIC cells must be transpoiited charged state;
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Transport risk of energy storage device comgifiammable liquid; There is
a case that flammable liquids are used in therelgte solution; and

Transport risk of energy storage device coethiithium ions;

Like LIB, LIC uses lithium ions.

10. Safety assessment for possible 3 risks islasvia

1.

Transport risk of energy storage device in agduh state; since LIC has a
lower voltage limit below which the cell loses itisnction, LIC must be
transported in a charged state. Therefore, LIC rbaspacked in a way to
prevent short circuit. For safety confirmation, eve short-circuit occurs at
the time of transport, the following test shalldgplied;

External short circuit test: no rupture, no disadsly and no fire;

Transport risk of energy storage device comaijriiammable liquid; the LIC
electrolyte solution may contain some amount ainfizable liquids such as
Diethyl Carbonate (flash point 25°C) and Ethyl Mgdti€arbonate (flash
point 24°C). The following tests shall be appliecconfirm safety;

Altitude simulation (low pressure test)yno mass loss, no leakage, no
disassembly, no rupture and no fire in a reducedsure of 11.6kPa or less;
and

Drop test: no mass loss, no leakage, no rupturenarfole; and

Transport risk of energy storage device contgitithium ions; lithium metal
oxide is not used as the positive electrode for, thérmal runaway reaction
will not occur in LIC. Based on these facts, thisr@ao need to pursue safety
test regarding this point.

11.  From this point of view, it is necessary tmsjaort LIC using confirmed cell safety
data and based on LIC cell properties. A new prepgping name, appropriate test items,
methods and criteria should be specified.

Draft proposal

12.  The following rules are proposed for LIC tramgp

New entry table would read as follows:

(1) (2) @@ E] © a @) @] (¢ (@)
3XXX | LITHIUMION | 9 AAA | 0 | EO | PO03
CAPACITOR

The accompanying special provision AAA would read:

“AAA This entry applies to Lithium lon Capacito(&IC). All LIC to which this entry
applies shall meet the following conditions:

(@)

Cells or modules shall be designed to meetr¢lq@irements of the safety

tests specified in sub-paragraphs (i) to (iii) belo

(b)
(©)

Cells or modules shall be protected againsttsticuit;

Cells or modules with energy storage capagbcHied below are not subject

to other provisions of these regulations when tinegt the requirement of the safety
tests specified in sub-paragraphs (i) to (iii) belo
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 For cells, energy storage capacity is not more #tafrh; and

» For modules, energy storage capacity is not mane f00Wh;

(d)

On cells or modules with energy storage capacitgelathan the values

specified in (c) above, the energy storage capabigyl be marked in Wh; and

(e)

Cells or modules installed in equipment aresubject to drop test specified

in sub-paragraph (iii) below, provided that the ipquent is packaged in a strong
outer packaging constructed of suitable materiadg#fquate strength and design, in
relation to the packaging’s intended use and inhsacmanner as to prevent
accidental functioning of capacitors during tranmspd.arge robust equipment

containing capacitors may be offered for transpmpackaged or on pallets when
capacitors are afforded equivalent protection by ¢lquipment in which they are

contained.

Safety tests and requirements

(i)

(ii)

(iif)

Altitude simulation (low pressure tejt

Test procedure: cell or module in fully chargéates shall be stored in a
reduced pressure environment at a pressure 6kRa.or less for at least six
hours at ambient temperature (20+5°C).

Requirement: there is no mass loss, no leakagdisassembly, no rupture
and no fire. The open circuit voltage of each ¢ed or module after testing
is not less than 90% of its voltage immediatelpmto this procedure.

External short circuits

Test procedure: cell or module in fully chargedtestat room temperature
shall be subjected to a short circuit conditionhvat total external resistance
of less than 0.1 ohm for at least one hour. Thé @melmodule must be
observed for a further six hours for the test tatecluded.

Requirement: there is no disassembly, no ruptnder® fire within six hours
of this test.

Drop test

Test procedure: cell or module in fully chargeatestis dropped from a height
of 1.2m in packed condition on a non-resilient Andzontal surface.

Requirement: there is no mass loss, no leakagéisassembly, no rupture
and no fire. ”.

Action requested of the Sub-Committee

13.  The expert from Japan does not request theCauatmittee to consider this informal
document proposing the establishment of a new Pr8pgping Name for LIC at this
session since he intends to submit a formal prdgosthe next session. The members of
the Sub-Committee are kindly requested to conditkedraft intersessionally and provide
their comments so that a formal proposal will bke @b take them into account.

* % %
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Fig.3 Operating principle of LIC(Comparison with EDLC

Table 1 Comparison of properties, LIC, LIB & EDLC

LIC LIB EDLC
(Lithium Ion Capacitor) | {Lithium Ion Battery) (E]ect(l;icp:[a):ilzzlt; Layer
Positive Electrode Activated Carbon Li Metal Oxide Activated Carbon
Negative Electrode Carbon Carbon Activated Carbon
Electrolyte LiPF¢/PC-EC, ete. LiPF¢/EC-EMC, ete. | TEMA"BF,PC, ete.
Operating Voltage 40~2.0V 4 2~30V 2.7~0V
Energy Density (Wh/L) middle(10-50) large(150~600) small(2-8)
Power density large small large
Cycle Durability large small™~ middle large
Discharge Cannot djsch._arg_e Cannot djsch._arg_e Poss_.ib]e to complete
below lower limit below lower limit discharge( 0V)

Self-discharge rate small small large
Working Temp. range (C) -20~~10 -20~~60 -30~ 60
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Fig.5 Discharge curve of LIC
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Fig. 6 Pictures of LIC cells

Fig. 7 Pictures of LIC modules




