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Measurement of Concentrations of Tramp Elements in Shredder Scrap and Automobile Shredder Residue (ASR)
and Their Mass Balance Analyses

Yasunari MATSUNO, Yuma IGARASHI, Seiichi HAYASHI, Masaaki TSURUOKA, Kazumi OTABE and Tetsuya NAGASAKA

Synopsis : Contamination of undesirable tramp metals in steel scraps from end-of-life vehicles has been of interest for many years. In this work, typical

5 mini-vehicles and 5 small-size passenger cars were dismantled and put into shredder process, in which most of the parts end-of-life vehi-

cles were removed thoroughly before shredding process. The weights of removed parts, shredder scrap, separated non-ferrous metals and au-

tomobile shredder residue (ASR) were measured to figure out the mass balances of the end-of-life vehicles. Then, the concentration of Cu,

Cr, Sn in shredder scraps and ASRs were measured. It was found that the concentrations of Cu, Cr, Sn in shredder scrap were 0.078%,
0.004%, 0% for mini-vehicles, and 0.08%, 0.015%, 0.001% for small-size passenger cars. On the other hand, relatively high concentrations
of Cu, Cr, Sn in ASR were observed, which was 0.42-0.85%, 0.03-0.04%, 0.05-0.06% for mini-vehicles, and 0.59-0.74%, 0.02%, 0.04—
0.15% for small-size passenger cars, respectively. It was found that most of Cu contained in the end-of-life vehicles were removed before

shredding process.

Key words : automobile shredder residue (ASR); mini-vehicle; shredder scrap; small-size passenger car; tramp element.
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Table 1. Automobiles dismantled in this work.

. Year of Engine Total weight

No Size Manufacture manufacture | displacement (kg)

1 A 92 659 752

2 B 94 657 618

3 Mini-vehicle [o] 94 658 750

4 D 86 545 575

5 E 93 657 621
Average 663
1 F 94 1,498 1,030

2 Small-size G 94 1,343 950

3 passenger car F 94 1,331 828

4 {(1000~1500 cc) F 96 1,331 917
5 H 95 1,497 1,052
Average 955

Acceptance of end-of-life velicles

!

Open storage

l

Extraction of chlorofluorocarbons,

Disarming air-bags

/ Dismantling Process \
l Removal of automobile windshields, drop
glasses, interior parts, exterior parts,
First process = —————— electric components, motors, screw
nuts, wheels, tires, batteries,
l maintenance tools, etc.
Second process ———— Extraction of engine oil, fuel

l Removal of engine, auto exhaust &

mufflers, catalytic converters, underbody

Third process ———»

components, radiators, blower moter,
l wiring harnesses around dashboard, etc.

\ Fourth process 7———>

Shreddering or Press

Transport of the remainder

Fig. 1. Processes for dismantling end-of-life vehicles.
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Mini-vehicle

Removed parts

663 ke 333 kg

330 kg

L—[The remainder | ———) Shreddering, or Press Process

Parts containing Cu | 348 kg ——PiDetails of parts w(ekngt
Motors 11.4
Harnesses 5.46
Audio equipments 7.67
Others 10.3

Parts not containing CLI 298 kg ——Pp|Details of parts w(i':?t
Floor mats 3.72
Tires 259
Maintenance tools 1229
Drop glasses 3.17
Windshields 5.02
Wipers 0.84
Battery 8.56
Bolts 113
Gasoline 8.63
oil 3.39
Underbody components 90.9
Catalytic converters 348
Aluminum parts 0.96
Engine 107.2
Chlorofluorocarbons 0.65
Wheels 18.7
Auto exhaust & mufflers| 9.68
Smoke candle 0.10
Others 3.76

Fig. 2. Average weight of the removed parts and remainder of mini-vehicles dismantled in this work.
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S:sas'elmzzf car I——} Removed parts—l Parts containing Cu I 53.2kg ——P |Details of parts Wg(':;]t
955 kg 498 kg Motors 223 kg
Harnesses 10.5 kg
Audio equipments 4,66 kg
Others 15.7 kg

P . . weight
arts not containing Cu|l 445 kg ——P |Details of parts (ke)

Floor mats 4.69

Tires 32.20

Maintenance tools 2.50

——} ~——) Shreddering, or Press Process Drop glasses 3.04

457 kg Windshields 6.31

Wipers 1.01

Battery 9.84

Bolts 413

Gasoline 19.62

Oil 6.1

Fuel tank 11.80

Underbody components 100.45

Catalytic converters 414

Aluminum parts 2.80

Engine 180.40

Chiorofluorocarbons 0.79

Wheels 26.45

Auto exhaust & mufflers 12.30

Smoke candle 0.12

Others 16.30

Fig. 3. Average weight of the removed parts and remainder of small-size passenger car dismantled in this work.

Table 2. Details of removed parts containing Cu from small-size passenger car.

Parts Total weight|Details of parts Weight Share of removal method (%)
(kg) (kg) by hand by nibbler
Motors 22.3|Window motors 5.68 100 0
Wiper motors 2.08 100 0
Compressor motors 5.41 100 0
Blower moters 1.33 10 90
Dynamo starters 7.78 100 0
Harnesses 10.5|Floor harnesses 1.01 20 80
Harnesses in trunk 0.56 100 0
Door harnesses 1.00 100 0
R-tray harnesses 0.13 100 0
Dashboard harnesses 457 0 100
E/G harnesses 1.58 10 90
E/G room harnesses 1.62 0 100,
Audio equipment| 4.66|Stereo, speakers, etc. 4.66 100 0
Others 15.7|Window switches 0.37 100
Cigar lighter 0.03 100
Horns 0.30 100
Fuse box 0.94 100
Fuel pump 1.38 100
Radiators 593 10 90
A/C condensers 3.48 10 90
Meters 0.72 100
Evaporators 1.85 100
Heater cores 0.74 100
| Total 53.2 53.2
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Table 3. Concentrations of Cu, Cr, Sn in shreddered scrap

(%).
Type Cu Cr Sn
Mini-vehicle 0.078 0.004 0

Small-size passenger 0.08 0.015 0.001
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Table 4. Weight of metals collected in shreddering processes for end-of-life vehicles.

Type Copper Brass | Stainless [Aluminum| Steel Zinc Others Total
steel alloys
Mini-vehicle 0.21 0.11 0.81 6.5 0.26 2.11 0.4 10.4
Small-size passenger 0.24 0.41 0.71 6.96 0.16 1 0.5 9.98
Dismantling process
Categorized as | Weight (kg) | Share (%) Parts Parts not
Removed parts 333 50.2 containing Cu |containing Cu
End-of-ife velicle Weight (kg) 34.8 298
Mini-vehicle Share to total weight (%) 5.2 44.9
Total weight: 663 kg
Shreddering process
Categorized as | Weight (kg) | Share (%) Material Cu Brass Stainless steel| Aluminum| Steel [ Zinc alloy| Others
Non-ferrous Weight (kg) 0.042 0.022 0.162 1.3 0.052 0.422 0.08
metals 208 03 IShare to total weight (%) 0.006 0.003 0.024 10196 0.008 0.064 0.012
Element Cu Cr Sn
Concentration (%) 0.078 0.004 0
Cresdor soreP | 932 350 Weight (i) 0.181 5009 5000
Share to tota weight (%) 0.027 0.001 0.000
Element Cu Cr Sn
Concentration (%) 0.42-0.85 0.03-0.04 0.05-0.06
ASR 94 14.2
Weight (kg) 0.39-0.80 0.03-0.04 0.05-0.06
Share to total weight (%)] 0.059-0.12 0.005-0.06 | 0.008-0.009
Total 328 49.5
Fig. 4. Mass balance for mini-vehicles during dismantling process.
Dismantling process
Categorized as | Weight (kg) | Share (%) Parts Parts not
. containing Cu |containing Cu
End-of-life velicle Weight (kg) 53 445
Smali-size passenger car] :> Share to total weight (%) 5.5 46.6
(1000-1500cc)
Total weight: 955 kg
Shreddering process
Categorized as | Weight (kg) | Share (%) Material Cu Brass Stainless steel| Aluminum| Steel | Zinc alloy| Others
Non-ferrous Weight (kg) 0.048 0.082 0.142 1.39 0.032 0.2 0.1
2 0.2 Share to total weight (%) 0.005 0.009 0.015 0.146 0.003 0.021 0.010
metals
Element Cu Cr Sn
Concentration (%) 0.08 0.015 0.001
Steels 328 343 Weight (kg) 0.262 0.049 0.003
| Share to total weight (%) 0.027 0.005 0.000
Element Cu Cr Sn
Congentration (%) 0.59-0.74 0.02 0.04-0.15
128 134
ASR Weight (kg) 0.749-0.940 0.025 0.061-0.191
|Share to total weight (%) 0.078-0.098 0.003 0.005-0.02
Total 457 48.0

Fig. 5. Mass balance for small-size passenger car during dismantling process.

Table 5. Concentrations of Cu, Cr, Sn in automotive shred-
der residue (%).

Type Cu Cr Sn
Mini-vehicle Sample A 0.85 0.04 0.05
Mini—vehicle Sample B 0.42 0.03 0.06
Small-size passenger car] 0.74 0.02 0.04
Sample A
Small-size passenger car] 0.59 0.02 0.15
Sample B
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