212 Bdfrawsc AR, W, HE, OBA, &4

ESTE:D'

V=Y L 2~ 7 A vy aGaihih A7 7 v 7RI O L

L —HBEBEICEBZ T2y LE4STHS
277y TREDE R

IR i8] E*
LE R N2

o % —T,

VR AN

H % e

R TR v > ¥ — (F701-1296 R LR LT ALK 58 5301)
BRI ATE STU (T719-1102 B 1L B4 THBFT 5 303-1)
R RS (T700-0005 LU R LIk (X B RGHT 1-1)

Surface Cleaning of Consumer Scrap Made of Magnesium Alloy by Laser Irradiation
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(Received March 21, 2012)

In order to establish the recycle system of consumer scrap made of magnesium alloy, laser irradiation on cylinder

head cover has been studied. Now, most of consumer scraps made of magnesium alloy are discarded, since there is no

method to remove adhesive materials on the surface.

ate laser irradiation conditions appears the clean surface.

irradiation show equal characteristics, compared with those recycled manufacture scraps.

The area where adhesive materials removed under the appropri-

The casting materials recycled consumer scraps with laser

Furthermore, this recycling

technology largely reduces quantity of CO, emissions and energy consumption in the magnesium alloy manufacturing.

Key words : magnesium alloy, recycle, consumer scrap, laser processing, life cycle inventory (LCI)
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Fig. 1 Manufacturing process of the magnesium alloy product

Table 1 Laser irradiation conditions

Wavelength 1,064 nm
Focusing distance 411 mm
Spot diameter 300 pm

Current 20 A
5,10, 15,20 kHz
500, 1,000, 1,500, 2,000 mm/s
100 pm
Nome

Frequency
Scanning speed
Pitch interval

Shielding gas
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Fig. 2 Appearance of various cylinder head cover scraps made
of AZ91D magnesium alloy: (a) Consumer scrap, (b)
After kerosene cleaning, (c) After laser irradiation
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Table 2 Chemical compositions of the laser irradiated specimens with various laser processing conditions (mass%)

Scanning Oscillating
speed frequency C (0] Mg Al Ca S Si Cl Others
(mmy/s) (kHz)
5 4.71 19.39 67.59 8.32 - - - - -
500 10 4.52 16.19 70.30 9.00 - - - - -
15 3.95 15.80 71.01 9.24 - - - - -
20 4.03 17.44 69.32 9.21 - - - - -
5 4.27 17.19 69.51 9.03 - - - - -
10 4.27 16.90 70.23 8.61 - - - - -
1,000
15 4.80 17.00 69.47 8.73 - - - - -
20 5.61 18.84 68.20 7.35 - - - - -
5 5.64 18.00 68.17 8.20 - - - - -
1,500 10 6.99 15.54 66.46 11.01 - - - - -
’ 15 13.24 18.73 55.53 12.29 0.21 - - - -
20 18.13 20.77 48.04 12.21 0.58 0.30 - - -
5 5.59 17.51 68.83 8.07 - - - - -
10 9.88 15.10 62.15 12.86 - - - - -
2,000
15 10.23 16.75 54.04 18.98 - - - - -
20 13.29 15.43 50.11 20.61 0.32 - 0.25 - -
Kerosene cleaning 3991 40.45 10.92 3.04 3.05 1.11 0.51 0.54 0.45
Machining 4.80 5.51 78.61 10.99 - - - - -
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Fig. 3 Cross-sectional backscattered electron images and X~
ray maps obtained by FE-EPMA analysis.
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Fig. 4 Cross-sectional backscattered electron images of the
magnesium scrap surface after laser irradiation
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Table 3 Chemical compositions of the remelting specimens
and user specification (mass%) : (a) User
specification, (b) Consumer scraps irradiated laser,
(c) Processing scraps

Al Zn Mn Si Fe Cu Ni
(a) 8.5 0.45 0.17 Below Below Below Below
-95 —-90 —040 0.05 0.004 0.025 0.001
(b) 9.0 072 022 0.03 0 0.003  0.001
(c) 8.8 0.71 0.21 0.04 0.002 0.005 0.001

10 mm

Fig.5 Appearance of the various recycling specimens after salt
spray tests for 48 hours. (a) Consumer scraps irradiated
laser, (b) Manufacture scrap, (c) Consumer scraps
cleaned Kerosene
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Table 4 Inventory analysis value of manufacturing process of the magnesium alloy

Mgnesium Mgnesium alloy Transportation Total
manufacturing manufacturing
Inputs Dolomite *9,187 kg/t
Ferrosilicon *993 kg/t
Fluorite *160 kg/t
Al 91.8 kg/t
Zn 7.2 kg/t
Mn 2.3 kg/t
Coal *2,095 kg/t
COG *5,898 m*/t
Electric power *98.7 kwh/t
LPG 3,985 MU/t
Mg 918.7 kg
FromAto B by a truck in 50 km
Mg alloy 1 ton
From B to C by a truck in 600 km
From Cto D by a tanker in 3,010 km
From D to E by a truck in 135 km
Outputs Mg 918.7 kg/t
Mg alloy It
CO, *29.6t/t 2.1/t 4,877 kg/ t 322/t
Energy consumption *112 GIit 24.7 GJit 6,030 MJ/t 143.0 GJ/t
Reclamation of residue 20 kg/ t

% : Feng Gao & DL

A is a magnesium factory, B is a magnesium alloy factory, C is Tianjin port in China.

D is Nagoya port, E is Gifu pref. in Japan.
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Table 5 Inventory analysis value of recycling process of the magnesium alloy

Kerosene Laser Resolution Transportation Toatal
cleaning irradiation
Inputs Cylinder head cover 1,020 kg/t
Kerosene 24.5 kg/t
Electric power 123.9 kWh /t 619.1 kWh/t
LPG 3,990 MJ/ t
Cylinder head cover
1,020 kg
From A" to B’ by a truck in 362 km
From B" to C' by a truck in 385 km
Outputs Mg alloy 1t
CO, 155 kg/ t 377 kg/ t 250 kg/ t 446 kg/ t 1.3tt
Energy consumption 1,870 M/t 4,300 MJ/t 3,300 MJ/t 5,750 M/t 153 GJ/t
Reclamation of residue 20 kg/ t

A’ : Aichi pref., B": STU, co. Ltd. Okayama pref. and C’ : Gifu pref. in Japan.
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