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Summary

Overview of the demonstration project
Background and purpose

Annually, 3,430,000 end-of-life vehicles are disposed of in compliance with the Act on
Recycling, etc. of End-of-Life Vehicles (figure for 2013). These vehicles are dismantled
and scrapped to recover parts and metals, and in the final stage, about 186 kg/car, or

about 590,000 tons/year overall, of
automobile shredder residue (ASR)
is discharged. Plastics
(mainly hard plastics) account for
over 30% of ASR ("Investigation of
the Properties of Automobile
Shredder Residue," a FY 2010
report on the results of contracted
work with the Ministry of the
Environment), and most of these
are currently used as fuel
substitutes or in heat recollection
(thermal recycling).

The purpose of this
demonstration project is to
construct a system which sorts and
recovers from ASR generated in
the disposal of end-of-life vehicles
plastics to which material recycling
can be applied.

Results of the demonstration project

&5
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— T —
~~ Removable metals,

parts etc.
—_—

Dismantling/

pressing

—
" Metals (iron, non-iron) )
~_/cta’s {ron, non-iron) -

~== Current situation ====

Fuel substitution, heat '
recollection, thermal
recycling

Shredder

Ny

._recycled products

Demonstration project

Mixed resin made from ASR
d L

_ Hiigh grade

ASR high-speed sorting and . )
Ny ref:ycled plastics 7

recoverv svstem

~~ Lowgrade T
\_recycled plastics _~

Fig. 1. Overview of the demonstration project

In this demonstration project, an investigation was conducted into the
commercialization of constructing a system for recycling materials related to plastics
contained in ASR, in the course of the following integrated flow:®dismantling operator
->shredding and sorting operator ->©recycling operator ->®recycled plastic sorting
and recovery operator ->®compound supplier ->®parts supplier.
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1) Analysis of ASR properties (Analysis of ASR generated from recycling facilities)

As a result of composition analysis conducted on ASR generated from five domestic
recycling operators, it was found that the plastic content in ASR brought in from
shredding and sorting facilities was between 30wt% to 40wt%. In addition, in facilities
which only use mechanical sorting in the treatment process, it was found that the
percentage of resin contained in ASR increased to about 80%. On the other hand, in
facilities which use both manual sorting and mechanical sorting, the percentage of resin
was found to be 70% to 100%.

2) Analysis of ASR properties (Analysis of ASR received at recycled plastic sorting /
recovery facilities)

(1) While it was possible to improve resin content from 70% to 99% after removing
the contaminants from the ASR the granularity of which makes manual sorting
possible contained in ASR obtained from recycling facilities, this took a
substantial amount of manpower. This led to the realization that there was a
need to improve the efficiency of the removal process in terms of operability, for
example by using contaminant removers.

(2) The analysis of the type of plastic contained in the received ASR showed that PP
was the main type. The results showed that if sorting is carried out by specific
gravity to water and specific gravity to heavy liquids, the percentage of PP
contained in each sorting component will be as follows: a) Component which
floats on water:90wt%; b) Component which floats on heavy liquids: 79wt%; c)
Component which sinks in heavy liquids:40wt%.

(3) A large amount of additive talc is contained in PP. It was found that 56wt% of
pure PP without talc is contained in the PP in a) Component which floats on
water. These results provided the information with which to establish sorting
targets for future advanced sorting processes with regard to talc content.

3) Construction of an ASR sorting system

It was recognized that the following two matters were important in constructing an ASR
treatment process in which a system to remove contaminants from ASR is incorporated
into the treatment process for mixed plastics originating from end-of-life home
appliances: (1) Development of a method to remove contaminants according to the
shredding and sorting granularity; (2) SS removal and water quality management, by
sorting by means of differences in specific gravity to water.

4) Process for sorting by difference in specific gravity (Material balance)

We were able to collect material balance data for the sorting process by feeding ASR
obtained from recycling facilities into processes for sorting by specific gravity to water /
specific gravity to heavy liquids. The following results were gained as a typical material
balance: (1) Plastics which float on water:44wt%; (2) Plastics which float on heavy
liquids: 22wt%; (3) Plastics which sink in heavy liquids: 26wt%; (4) Wind winnowing /
sieving / dissipation, etc.:8wt%.

5) Process for sorting by difference in specific gravity (Sorting accuracy)

(1) It was confirmed that about 60wt% of PP without additive talc was recovered as
the component which floats on water in sorting by specific gravity to water.
However, this result revealed the fact that PP with a talc content of 20% or more,
which should basically sink in water, was mixed into the component which floats
on water. From this result, the necessity of improving sorting accuracy by
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managing the water quality of equipment for sorting with specific gravity to water
was understood.

(2) In addition, a floating component with specific gravity of 1.0 to 1.07 should be
recovered from sorting by specific gravity to heavy liquids. However, the results
showed that the percentage of PP with a talc content of 20% to 30%, which
should have been recovered, was about 48% to 56%. From this, the necessity of
improving the sorting accuracy for sorting by specific gravity to heavy liquids was
also understood.

6) Process for sorting by difference in specific gravity (Countermeasure for brominated fire
retardants)

Detection of brominated fire retardant (Br) was performed using a transmission X-ray
analyzer, and the following information was obtained about the Br concentration
contained in each component of sorting by specific gravity to water / specific gravity
heavy liquids.

(1) Plastics which float on water: No Br detected

(2) Plastics which float on heavy liquids: Br concentration of collected sample: 20.94
to 54.75 ppm

(2) Plastics which sink in heavy liquids: Br concentration of collected sample: 176.44
ppm

7) Raman scattering spectroscopy process

A lab test was conducted on test pieces of black plastic whose plastic type and talc
additive content were known, and sorting threshold data was obtained from the
relationship between spectrum intensity and frequency distribution. The following results
were obtained from sorting verification tests conducted on the basis of this information.

(1) In tests in which plastics with different talc content percentages were targeted
among mixed plastics consisting only of PP, sorting was expected to recover PP
ranging from PP with no talc to PP containing 20% talc or less. However, a large
amount of PP containing 20% talc or more was mixed in, which indicated the
necessity of significant improvement.

(2) Plastics composed of PP, ABS, PS, PPO and ASA were sorted using the
threshold for PP recovery. A relative increase in PP was recognized on the
crashing side, and a relative density condensation of ABS was recognized on the
passing side.

8) Reviewing the recyclability of recovered plastics

Pellet production using a single-screw extruder and material properties testing using
material test pieces were performed on plastics from the sorting and recovery operators.

With regard to plastic raw materials with a rubber contaminant content of 10%, the high
rubber contaminant content made re-pelletizing difficult, and the resulting material
properties were outside the applicable range.

Plastic strands could be stably extended, and even with degraded material properties
such as a 20 to 30% reduction in bending and tensile strength compared to virgin
materials, the potential for recycling was confirmed.

9) Suppressing effects on carbon dioxide (CO2) emissions accompanying recycling ASR as
materials

From the demonstration project, it was determined that about a half (about 170 kg) of
the plastics contained in a ton of ASR (about 34%) were recyclable as materials. On the
basis of this, the amount of CO2 emitted per functional unit (treatment of 1 ton of ASR)
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which would be reduced through use as an alternative to virgin material production was
evaluated using emission intensity data. The results indicated that emissions could be
reduced by 274 kg compared with the conventional use as raw materials and fuel for
cement production, for which the total amount emitted is 775 kg. Hypothetically, if all 340
kg of the plastics in a ton of ASR could be recycled as materials, the reduction in CO2
emissions would be 617kg. Increasing the recovery rate to this goal will be the next
challenge.
10) Economic evaluation accompanying recycling ASR as materials

If the facilities used in this verification project (for which no investment in facilities was
required) are used for the business of sorting and recovering plastics originating from
ASR, operating profits can be secured if high grade plastics can be sold at a unit price of
50 yen/kg at an annual capacity of 3,900 ton/year (1 shift).

If a new facility with an equivalent capacity as those used in this demonstration project
is established through investment, the following will be the case:

(1) If the unit price of high-grade plastics is 50 yen/kg, then with a 2-shift operation
(7,800 ton/year), profitability on a single-year basis will be possible starting from
the third year.

(2) If the unit price of high-grade plastics is 80 yen/kg, then profitability on a

single-year basis will be possible starting from the third year even with a 1-shift
operation.

11) Results of the verification project

(1) Through this verification project, we were able to apprehend the current situation
with regard to the plastic content of ASR generated at each shredding and
sorting operator, each recycling operator and each recycled plastic sorting and
recovery operator, and also to recognize that a processing by machines for
removing contaminants was still inadequate.

(2) However, the possibility of recycling was found as a result of material properties
testing at a resin compound supplier using as raw materials plastics originating
from ASR which were without contaminants as a result of manual sorting.

(3) In addition, information for setting sorting thresholds was obtained for the sorting
of PP by talc content using a Raman sorter. However, the results did not go as
far as establishing optimal operation conditions, such as laser irradiation times
appropriate for the target sorting materials.

12) Future review requirements

(1) In order to improve the rate of contaminant removal for ASR, work on verifying
effectiveness is required, including a) the development of facilities according to
ASR shredding and sorting granularity, and b) the development of efficient
manual removal processes, by reducing the burden of human operation.

(2) Evaluation and testing of optimal operating conditions (laser irradiation times,
etc.) for ASR black plastics of Raman sorters will be required.

(3) Establishing ASR plastics recycling technology will require moving forward with
the testing of technology pertaining to a) the establishment of noise management
for Raman identification equipment by methods such as value analysis, and b)
the establishment of quality management methods for recycled materials.
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ListDilation[obj_, se_] := Module[
" {a=0bj, b=se},
1f[Length[se] » Lenth[obj], a = se; b= obj];
ListConvolve[b, a, {1, -1}, -«, Plus, Max]

]

ListErosion[obj_, se_] :=
ListConvolve[se, obj, {-1, 1}, -, Subtract[#2, #1] &, Min]

ListClosing[obj_, se_] := ListErosion[ListDilation[obj, Reverse[se]], se]

PR 5wy 2y b AT ListOpening[obj_, se_] := ListDilation[ListErosion[obj, Reverse[se]], se]

PPERr v ListTopHatTransform[obj_, se_] := obj - ListOpening[obj, se]

haar([r_] :=Table[0, {3, 0, 21}]

_. rﬂl
| dia[r ] := Join[Range[0, r], Reverse[Range[0, r-1]]]
1s0¢ |"F |
\
0 | || \% ( hemisphere[r | ::Table[kound[\ arj- ], {3, 0, 2r}]
" | / ,
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gau[r_, h ] ::Table[Round[hExp’-—”, {3, -1, r}]
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tmpdata = Table[N[ ; {j, Length[data]}|;
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ps = Part[tmpdata, Flatten[Position[sort, label[[3]]]]];
pp = Part[tmpdata, Flatten[Position[sort, label[[2]]]]];

abs = Part[tmpdata, Flatten[Position[sort, label[[1]]]]];
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