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Technical Information Report on Automotive Battery Recycling

RATIONALE

Battery Recycling is an integral part of the lifecycle management of vehicles. Currently there is a lack of recommended
practices and standards for automotive battery recycling. Materials contained within batteries may be regulated as
hazardous. Proper recycling will minimize/eliminate the need for disposal of spent batteries. Recycling can provide market

stabilization by retu
sources.
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J2344

776-4970 (outside USA), www.sae.org.
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ATTERY TERMINOLOGY DEFINITIONS

e Energy Storage System (RESS) - Any energy storage system-that has the cap
ed. (Examples: batteries, capacitors, and electro-mechanical flywheels). SAE J1
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y15/2
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mal processing
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ractices for shipping

4.2 Salvage

The ECAR — Hybrid Vehicle Dismantling Guide has an extensive amount of information covering the safe removal and
proper handling of the battery pack and parts from hybrid vehicles.
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4.3 Disassembly and Discharge

With the complexity of new battery / energy storage systems a large amount of information will have to be available for the

safe handling removal disassembly and processing, see Table 1.

43.1

Table 1 - Information sources relevant to energy storage systems handling and recycling

Information | Example source
Battery design
Design for recycle USCAR -2014 Recom.mended Practice for Recycling of
XEV Electrochemical Energy Storage Systems
Life cycle assessment ANL/ESD10-7 - A Review of Battery Life Cycle Analysis
Removal and-storage

Battery removal from vehicle

Service Manual, ECAR. Hybrid Vehicle Cism

antlers Guide|

Storage requirements for removed batteries

NFPA Electric Vehicle Safety Training
Universal Waste Rules - i.e. US 48.CFR 27

B

US 40 CFR 266 subpart G - Lead Acid Battgries
Local Building Codes
Firefighting recommendations NFPA Electric Vehicle Safety Training
Liquid|coolant for battery Universal Waste Rules Lie. US 40 CFR 27§
Transporatiop of batteries
Transporation of bulk battteries and defective batteries|SAE J2950, D@F HAZMAT table (Title 49 CER 172.101)
Discharge and disassemvly
Electrjcal safety: handling instructions SAE J2344\SAE J1766, 1ISO 6469-3:2011, IO 6469-4 2
Batteny chemistry/type Service Manual, MSDS, SDS, SAE J2984 JAE J2936
Disasgembly Segtion 4.3, Service Manual
Dischpge procedure
Minimum state of charge (SOC) Service Manual
Discharge procedure Service Manual
Internal battery components and wiring-diagram|Service Manual
Damaged bajteries
Rendgring vehicle/battery safe NFPA Electric Vehicle Safety Training
External signs of battery failure/danger SAE J2950, 1ISO 6469-4 2
Example Disassembly Documentfor a generic Lithium lon Battery Pack as pertinent to thg design.
concerns, the battery pack should be disassembled in accordance with the guidance specified
(if any). Thi$ example is meant to be explanatory not instructional.
Prior to disagsembling a) Battery Pack:
a. Removg ring(syand jewelry.
b. Wear personal protectiveé equipment suitable for disassembly of high voltage batte

environment.

disassembling damaged / abused battery systems.

Understand Safety and Warning labels attached to the battery pack.

y packs in a plant

Wear personal protective equipment for possible hazardous material exposure and high voltage exposure when

Have a place to store large format batteries before disassembly and battery components after disassembly.

Maintain safe working distance between modules being disassembled and other modules.

For safety
by the manufacturer
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10.

11.

12.

13.

14.

15.

16.

17.

Identify the Battery using: Shipping paperwork, shape, size, configuration, labels, embedded logos.

Inspect for any damages including: dents or holes in case and/or leaking. Note any electrolyte smell when the
battery is unpacked. Refer to SAE J2950 Section 6 for handling / packaging of damaged battery systems.

Place battery system on a flat, non-conductive surface. Additional safety equipment to consider for teardown area
could include: fire extinguishers, fire blankets, electrical blankets, AED, and a means of exhausting noxious fumes.

Confirm absence of high voltage at the system’s output terminals. Confirm the electrical isolation of the batteries

from the cas

e.

Discharge battery according to manufacturer’'s recommendations if possible and safe to do so.

Remove / ojen the high voltage interlock switch /7 plug. Tt will be Tabeled and may be colored]bright orange. Note
that high voltage is still present in the battery but the highest measurable voltage is reduced:

Remove any components that may be attached to the outer surface of the system:

a. Fan andductwork.

b. Controllgr

If applicable|drain coolant.

Remove ex{ernal cover(s) of battery system. Doing this will likely expose cables, contagtors, bus-bars, and
terminals that will have high voltage present. These components should be identified with “High Voltage” labels
and / or a brjght orange color.

Trace one of the bright orange cables / bus-bars from:the pack’s output terminal until you find|were it is connected
on the modyles or internal array of cells.

Carefully dig
the battery {
insulated tog

There may |
Carefully dis
non-conduct

There may b
used to mor
the harness
wire / harne

connect this cable from the end module or cell of the battery pack and then insu
ack terminal, with electrical. tape or other non-conductive material. Where ever
Is should be used.

e another cable or bus:bar that is attached to the other end of the battery pack
connect this cable and'insulate its terminal and the battery pack terminal with elec
ing material.

e sets of thinner wires that connect the battery pack controller to individual cells o
itor the individual cell or module voltages. There may be high voltages betweer

bs_is.;removed at the other end of the array. Avoid starting the disconnection pro

ate its terminal, and
practical, electrically

module or cell array.
frical tape or another

I modules. They are
the pins or wires in

Start at one end of the array and carefully disconnect the wire harnesses from the cells until the final

cess in the middle of

the array, eg

pecially if the controller is still attached at the other end.

Depending on the pack design, the next step will either be removing the cells or modules from the pack housing or
the next step will be removing the remaining “non-cell” components like contactors, current sensors, and
miscellaneous low voltage cables.

Within the module or cell array there may be intermediate cables or bus bars that connect modules or smaller
groups of cells together to form the full array. Carefully remove these cables or bus bars, one at a time, and insulate
the exposed cell terminal. It is possible that the cells or modules may be welded together instead of using a
removable fastener. In this case, the welds will have to be cut, or the module/array will be removed as a complete
unit.

Upon successful removal of the cells/modules from the battery pack housing, they should be protected from shorting
and packaged per company safety procedure and regulatory requirements.
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4.5 Collection and

Sorting of Feedstock

Recycling processes are enhanced by segregating batteries into separate fractions based on chemistry. This can greatly
reduce the cost of recycling, unwanted emissions and safety concerns. Presently hand sorting by chemistries is common
prior to shipment to recyclers.

4.6 Compilation of recycling methodologies

There are three general routes for recycling of batteries at end of life; pyrometallurgy, hydrometallurgy and physical
separation. Additional processing or mixing of the flow sheets is common as the main focus on battery recycling has
traditionally been metals recovery. With advances in technology additional materials in batteries have been recycled
including electrolyte and casing materials. Specifics of process and chemistry will vary on a case by case basis but this is
to outline some of the general process streams and by products.
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4.6.1 Pyrometallurgical Processing

Pyrometallurgical processing involves a thermal or high temperature process in which metals are reduced back to a base
metallic state. The oxidation potential of the metals typically determine which metals report to the melt and which report to
the slag, this can be controlled through the atmosphere present in the smelter. Any remaining organic components are
burned for energy recovery. Waste and byproducts can include: drosses, slags, soot and other emissions, as well as high
quality heat. These facilities benefit greatly from economies of scale. Capital cost and permitting burden are high. This
type of process has been applied to lead acid, NiCd, NiMH and Li-lon.

[ Scrapped Material |

Sorting
Size Reduction
Batching
Pelletizing

Material Preparation <

Heat
Natutal'Gas or
Air Quality < Smelting < Electric
600-3000F
\ 4
Slags < Refining <t

\ 4

Waste Heat <t Cast

( Product )

\ /

Figure 2 - Pyrometallurgical processing
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4.6.2 Hydrometallurgical Processing

Hydrometallurgical Processing uses aqueous chemicals, acids, bases or other lixiviant's to leach the material. This is
usually followed by species separation and purification processes. The materials are then precipitated as hydroxides / salts
or electrorefined for reuse as metal. Byproducts include: leach residue, waste water that requires further treatment, and
sludge’s from waste water treatment. Hydroxide and salts are often reprocessed in pyrometallurgical facilities to produce
metals. Capital cost is comparable to pyrometallurgy, and permitting burden is reagent specific. This type of process has
been applied to lead acid, NiCd, NiMH and Li-lon.
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Figure 3 - Hydrometallurgical processing
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