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Mechanical and corrosion properties of 6061 aluminum alloys recycled by
hot-extrusion of cutting chips

Kazutaka SUZUKI*, Ichinori SHIGEMATSU*, Yuan-bin XU*
Tsunemichi IMAT* and Naobumi SAITO*

From cutting chips of 6061 aluminum alloy, recycled materials’ plates were fabricated by extrusion and rolling. Three
kinds of cutting chips, which were dry-cutting chips without cutting oil, wet-cutting chips with cutting oil and clean
chips obtained by washing of the wet-cutting chips, were used for the recycling process. Moreover, non-recycled mate-
rials” plates which processed by the same extrusion and rolling using virgin materials of the same alloy as the case of
the recycled materials were prepared for comparison. These four kinds of plates were characterized by carrying out ul-
timate analysis by fluorescent X-ray spectrometer and infrared absorption spectrometer, optical microscopic and SEM
observation, tensile test, and corrosion test. Consequently, a significant difference in structures, tensile properties, and
corrosion resistance was not recognized among three kinds of recycled materials, it became clear that cutting oil and
detergent hardly influence the characteristics. Moreover, it was found that recycled materials had smaller crystal grain
than that of non-recycled materials, and excelled in both strength and corrosion resistance. The conclusion that recy-
cling of the cutting chips by extrusion and rolling was very promising in 6061 aluminum alloys was obtained.
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Table 1 Results of semi-quantitative elemental analysis
for a cutting oil and a detergent by fluorescent X-ray

spectrometer
Content (mass%)
Elements
Cutting oil Detergent

Na 0.003 0.4
Mg 0.001 -
Si 0.06 0.002
P 0.002 0.8
S 0.03 0.5
Cl 0.002 0.001
K 0.004 2
Ca 0.03 <0.001
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Table 2 Results of semi-quantitative elemental analysis
for eluate from cutting chips by fluorescent X-ray spec-

trometer
Amount of elution (ug)
Elements
D w @
Mg 12 25 2.5
Al 27 74 2.8
P - 0.41 0.29
S - 0.91 0.59
Cl - 2.8 -
K - 0.20 0.40
Ca - 1.0 1.0
Fe 0.54 1.4 -

Each value is corrected as the amount of elution per 1g of
cutting chips

Fig. 1 Macrographs of dry-cutting chips (a) and wet-cutting chips (b).
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: ————m Table 3 Results of semi-quantitative elemental analysis
Thickness direction .
/] o A  Y-section for O-treated sample plates R, D, W and C by fluores-
\,/ cent X-ray spectrometer
Y NN
Content (mass%)
X Elements
s~
direction Z-surface
Na - - - -
Fig. 2 Directions of extrusion and rolling on finally fabri- Mg 0.7 0.8 0.8 0.8
cated plates, and expression of cross-sections in this paper. Si 0.6 0.6 0.7 0.6
P — _ — _
Rolling S 0.02 0.02 0.03 0.02
Cl 0.01 0.01 0.02 0.01
K - - 0.002 0.002
Extrusion Ca 0.006 0.007 0.009 0.006
R6 -
v t3 = Table 4 Content of carbon and oxygen in O-treated
? sample plates R, D, W and C measured by infrared ab-
| sorption spectrometer
< 11 < 11 » < 11 > Content (mass%)

Fig. 3 Shape and dimensions of specimens prepared for
tensile tests and corrosion tests.
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Fig. 4 Optical micrographs of Z- and Y-section in sample R and D heat-treated to T6. Vertical direction agrees with ex-

truding direction.

Fig. 5 SEM image near a chip boundary in sample D
heat-treated to T6. A lot of traces of small inclusions lost
by electropolishing are observed.
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Fig. 6 Typical crystal direction map by EBSP. Y-section
in T6-treated sample C.
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Fig. 9 Macrographs of Z-surface in samples R, D, W and C after immersion corrosion (IC) or stress corrosion (SC) for

100 ks.
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Fig. 10 Optical micrographs near Z-surface and Y-surface of X-section in sample R and W after immersion corrosion for

100 ks.
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Fig. 11 Comparison of T6-treated samples R, D, W and
C after immersion corrosion or stress corrosion for 100 ks
in ultimate tensile strength.
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