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I ntroduction

1. The Sub-Committee, at its thirty-eighth sessioonsidered informal document
INF.10 submitted by the expert from Japan proposingstablish a new proper shipping
name for lithium ion capacitors and agreed to idelthe new work programme related
thereto. The proposal contained in this documen$ yeepared base on the previous
proposal in informal document INF.10, taking intaunt comments provided in informal
document INF.33 submitted by the expert from Fraatethe said session and those
received intersessionally from the representatitb@KiloFarad International.

2. Asymmetric capacitors have been developed andr=cialized recently and its
demand is spreading rapidly for applications tedff/ely utilize renewable energy, energy
recovery systems and so on. As a result of thiseaging demand, a new proper shipping
name and specific provisions for transport of aswtnim capacitors are needed.

Background infor mation on asymmetric capacitors

Definition and working principle of asymmetric capacitors

In accordance with the programme of work of the-Bemmittee for 2011-2012 approved by the
Committee at its fifth session (refer to ST/SG/ACCLAB/76, para. 116 and ST/SG/AC.10/38, para.
16).
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3. An asymmetric capacitor is an electrochemicglac#@or in which the positive

electrode and the negative electrode are compabédifferent active materials and charge
and discharge can be repeated by different meahanet the positive and negative
electrode. Typical asymmetric capacitors, suchitaguin ion capacitors (LICs) and Ni-

Carbon capacitors (Ni-C capacitors) are discussémib

LIC

4, A LIC cell is mainly comprised of a positive efimde, a negative electrode, a
separator and an electrolyte. (Fig.1)

5. LIC is an asymmetric capacitor which can stiwe electrical energy by adsorption

and desorption of ions at the interface of thetpaselectrode material and electrolyte, and
by intercalation and deintercalation of lithium $oat the negative electrode. The positive
electrode is similar to that of an electric doulalger capacitor (EDLC) and is comprised of
carbon materials with a large surface area suclactisated carbon, and the negative
electrode is comprised of carbonaceous matenmlssa on which permit intercalation and

deintercalation of lithium ions. Li4Ti5012/carboomposite may be used for the negative
electrode. The electrolyte used in LIC is a lithiion salt organic solution. (Fig.2)

6. The intercalation of lithium lowers the negatelectrode potential, which raises a
cell output voltage. LIC can store larger amourftemergy than EDLCs due to the large
capacity of the negative electrode compared todhtite positive electrode. (Fig.3)

7. LIC shows higher working voltage and higher ggedensity with similar power
density compared to EDLC. (Fig4) As shown in thectarge curve (Fig.5), the voltage of
LIC changes with charge stored, which is a typadaracteristic of capacitors. LIC shows
excellent cycle durability the same as EDLC.

Ni-C Capacitors

8. Ni-C capacitors are asymmetric capacitors inctwhiharge and discharge can be
repeated by (K+ ions) adsorption at the doublerlayfethe negative electrode, and by
electrochemical reaction at the nickel hydroxidsifpee electrode (NIO(OH) + y0 +e- =
Ni(OH), + OH) .

9. For Ni-C capacitors, the positive electrode asprised of Nickel based materials
similar to those used in alkaline batteries, ardrtegative electrode is comprised of carbon
materials. The electrolyte used in Ni-C capaciisran alkaline electrolyte similar to that
used in alkaline batteries.

10. Asymmetric capacitors have lower voltage limitelow which, the cells are
damaged and lose their function. For example, lovedtage limits of LICs typically range
from 1.4V to 2.2V while lower voltage limits for NC capacitors typically range from 0.4V
to 0.6V. Therefore, for asymmetric capacitors s possible to lower the terminal voltage
to OV without adversely affecting the capacitor &od this reason it is not possible to
transport them in a completely uncharged stats Hwicase with EDLCs.

Application of asymmetric capacitors

11. Asymmetric capacitors with different energydisvhave been commercialized as
laminated or cylindrical cells. (Fig.6) Like EDLCasymmetric capacitors are often used in
modules, which comprise cells connected in senekoa parallel to obtain proper voltage

and energy necessary for the specific applicatieiy.7)

12. Asymmetric capacitors are quite suitable fopli@ptions which require a high
energy density, a high power density and exceltemability. Potential applications for
asymmetric capacitors are as follows:
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» Back-up power sources, such as voltage sag casapen and uninterruptible power
supplies (UPS);

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

» Energy recovery systems for industrial machirergt transport systems;

» Engine starting systems with capacitors aloneinorcombination with existing
starting batteries.

Possiblerisksin transport and safety assessment of asymmetric
capacitors

13.  The following two potential transport risks a@sed by asymmetric capacitors:
(a) Energy storage device in a charged state;

An asymmetric capacitor has a lower voltage lihigJow which, the cell is
damaged and loses its functiohherefore, asymmetric capacitor cells must be
transported in a charged state in excess of thevtdtage limit; and

(b) Energy storage device containing flammableidigu

As with EDLCs, there are cases where flammableidgjare used in the
electrolyte solution; and

While LIC contain lithium ions to transport chargdey contain no metal
oxides in a positive electrode and thermal runaisapt a potential hazard.

14.  Safety assessments for possible risks ardlag/$:
(a) Energy storage device in a charged state;

Since an asymmetric capacitor has a lower voltimgie below which the cell is
damaged and loses its function, an asymmetric dapaball be transported in
a charged state. Therefore, an asymmetric capastitmt be protected against
short circuit. The following test shall be appliedconfirm safety in case the
short circuit happens between the terminals.

« External short circuit test: no rupture, no disadsky and no fire;
- Energy storage device containing flammable liquids;

LIC cells may contain flammable liquids such aghdiecarbonate (flash point
25°C) and ethyl methyl carbonate (flash point 24%3) components of an
electrolyte solution. The amount of flammable ldjuh a 10 Wh EDLC is
approximately the same as in a 20 Wh asymmetri@atgy containing a
flammable liquid.

Like Alkaline batteries, Ni-C capacitor uses aneams electrolyte which is not
flammable. Therefore, there is no fire risk for Glicapacitor as for alkaline
batteries.

The following tests shall be applied to confirmetgffor asymmetric capacitors
containing flammable liquids as an electrolyte solu

« Altitude simulation (low pressure test): no leakage disassembly, no
rupture and no fire under 95kPa pressure diffea&rdind

- Drop test: no leakage, no disassembly, no rugndeno fire.
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Proposal

15.  The following rules are proposed for transpddsymmetric capacitors:
New entry table would read as follows:

1) 2) @l @G ® | (Fay (o) @] (9 (10
3XXX ASYMMETRIC 9 AAA 0 EO | P0OO3
CAPACITOR
(with an energy
storage capacity
greater than 0.3Wh

The accompanying special provision AAA would read:

“AAA This entry applies to asymmetric capaciterth an energy storage capacity greater
than 0.3 Wh. Capacitors with an energy storageaipaf 0.3 Wh or less are not subject to
these Regulations.

Energy storage capacity means the energy helddaypacitor, as calculated using the rated
voltage and nominal capacitance. All asymmetricacétprs to which this entry applies
shall meet the following conditions:

(a) Capacitors shall be protected against shartitim transport;

(b) Each capacitor design type shall be subjeabednt external short circuit test in
which a capacitor in the fully charged state at immitemperature (20+5°C) shall be
subjected to a short circuit condition with a taaternal resistance of less than 0.1
ohm for at least one hour. The capacitor must neassemble, rupture or show
evidence of fire over an observation period of @rkso

(c) Capacitors containing dangerous goods shaltldsigned to withstand a 95 kPa
pressure differential

(d) Capacitors shall be designed and constructeshfely relieve pressure that may
build up in use, through a vent or a weak pointh@ capacitor casing. Any liquid
which is released upon venting shall be containdthinv the packaging or
equipment in which the capacitor is installadg

(e) Capacitors shall be marked with the energyagiicapacity in Wh.

Capacitors containing an electrolyte not meetirg ¢lassification criteria of any class or
division of dangerous goods, including when insthiin equipment, are not subject to other
provisions of these Regulations.

Capacitors containing an electrolyte meeting thesdification criteria of any class or

division of dangerous goods, with an energy storeggacity of 20Wh or less are not

subject to other provisions of these Regulationsmihey are capable of withstanding a 1.2
metre drop test unpackaged on an unyielding susatt®ut loss of contents.

Capacitors containing an electrolyte meeting thesdification criteria of any class or
division of dangerous goods that are not instalkeedquipment and with an energy storage
capacity of more than 20Wh are subject to thesaiRR&gns.

Capacitors installed in equipment and containingekactrolyte meeting the classification
criteria of any class or division of dangerous gaaate not subject to other provisions of
these Regulations provided the equipment is packagea strong outer packaging
constructed of suitable material of adequate strerand design, in relation to the
packaging’s intended use and in such a manner gseteent accidental functioning of
capacitors during transport. Large robust equipneentaining capacitors may be offered
for transport unpackaged or on pallets when capacire afforded equivalent protection
by the equipment in which they are contained.”
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Fig.2 Schematic diagramof LIC
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.

F
Cylindrical cell 200F, 100F, Cylindricatle 1000F
© ®
Pz
1189
Laminate cell 1100F Laminate cell 2000F

Fig. 6 Picturesof LIC célls
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Fig. 7 Picturesof LIC modules




