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ABSTRACT

Due to the increasing number of electric cars and consequently lithium ion
batteries, the automation of disassembly becomes vital. Therefor
information on lithium ion batteries referring to components, geometries,
materials and joining technologies are collected and a concept for the
automated disassembly is deduced. In this context, the applications of
sensors for the identification of batteries, as well as actors for the cutting are
evaluated.

INTRODUCTION

With the development and distribution of electric cars and the associated high quantities of
lithium ion batteries, the recycling of batteries gains more importance. Lithium ion batteries
comprise valuable raw materials such as lithium, cobalt and aluminum (Martens, 2011). Due
to lack of raw materials their recovery is very important, especially for resource-poor EU-
countries. For the recovery of these materials, the batteries should be fully dismantled and
broken down into their basic components to enhance the efficiency of the down streamed
material recycling (Martens, 2011). The challenges in the automation of the battery
disassembly lie in their varieties, the ignorance of technical condition in the End-of-Life
(EoL), hazardous materials and safety reasons.

Currently there are no approaches for the automation of disassembly processes for lithium ion
batteries. This analysis defines criteria for automated disassembly and opens a new dimension
to the End-of-Life management of electrical waste by the example of lithium ion batteries.

AUTOMATED DISASSEMBLY OF LITHIUM ION BATTERIES

Lithium ion batteries

The modular design of the lithium ion batteries enables an individual assembly according to
the type of electric vehicles. The structure of battery packs, the battery modules and their
components are depicted in figure la. The components of the battery pack and the battery
module are connected by different joining technologies such as welding, soldering, bonding
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and screw or snap connections. There are three different cell designs: cylindrical, prismatic
and pouch cells which are especially developed for the electromobility. Furthermore the cell
components anode, cathode, separator and electrolyte consist of variant materials (Daniel,
2008). The dimensions, the materials and the way of assembly lead to variant battery systems

which have to be considered in the disassembly (see figure 1b).
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Figure 1. Composition and variety of a lithium ion battery [A123-System Inc.']

FEvaluation of sensors and actors for the disassembly

For the development of the automated disassembly plant, sensors for the identification of
variant battery systems and actors for the actual cutting have been assessed. The defined

criteria have been ranked from very poor to very good (see figure 2).

Figure 2. Evaluation of sensor and actors for the disassembly
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The analysis has shown that image processing is the most suitable technology for the
identification of variant products. The image processing can be programmed and developed to
be adaptive. Lasering and milling have been identified as the most suitable technologies for
an automation, whereby the lasering is more flexible and scalable. However a fully automated
system can only be realized by high standardization in combination with a disassembly
database, further intelligent actors and sensors. Because of these reasons and the low quantity
of lithium ion batteries today, a semi-automated disassembly plant, which can be modularly
established to a fully automated system, is an appropriate solution. In the following, a semi-
automated concept for the disassembly is presented.

Concept of a semi-automated disassembly plant

The automated disassembly processes today are tailored to a specific product. A modularized
disassembly, consisting of separation-, detection-, control- and sub modules, increases the
flexibility of the disassembly system (Kopacek 2003, Knoth et al. 2001). In figure 3 the
concept of a semi-automated disassembly of a lithium ion battery into its basis components is
presented.
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Figure 3. Concept of a semi-automated disassembly

The process starts with the delivery of the various battery packs to the companies that are
responsible for the disassembly. There, the quality of the batteries is tested via voltage and
visual control. In this concept, all damaged batteries are sorted to a special treatment where
they are disassembled fully manually. The disassembly process is divided into three levels of
dismantling procedures:

1. dismantling of pack to modules (white box in figure 3);
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2. dismantling of module to cells (light grey box in figure 3);
3. dismantling cell into single components (dark grey box in figure 3).

The condition of the batteries is checked between every level. The undamaged batteries are
discharged according to the defined safety regulations.

Due to the unknown variants of battery packs in current use, the process steps testing,
discharging and sorting are executed manually. These process steps can be passed by all
battery levels, as it is adjustable to different discharging parameters. The screwed and
clamped elements are also manually dismounted, as the automation of these processes
requires expensive intelligent image processing and complex grippers. All non-rigid
components such as cables and clamping elements are manually cut. For the disassembly of
the battery module, a laser combined with image processing is applied. The cells are
dismounted by pyrolysis at the current state. In future this step should also be dismounted
mechanically step by step in its single components.

CONCLUSIONS

In this paper a semi-automated concept for the disassembly of lithium ion batteries is
presented. For the development of a flexible disassembly cell, several sensors and actors for
the disassembly are evaluated and a modular approach with separation-, detection-, control-
and sub modules is applied. The image processing is chosen for the identification of batteries.
The most flexible and scalable disassembly technology is the lasering method, which is
applied for the dismounting of battery modules. In the semi-automated disassembly plant,
following modules are employed: laser cutting, manual cutting, test-, discharge- sorting- and
vision modules.

For the realization of the above concept, database and data exchange systems have to be
developed to handle the variants of lithium ion battery systems. Furthermore specific laser
systems and laser parameters have to be deduced from experiments. The image processing has
to be programmed and tested. With the selected image processing and robotics the semi-
automated plant can be developed step by step to a fully automated disassembly plant.
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