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stract
L1 effect of RRA treatment on the strength and SCC resistance in highly Al-1.1Mg-1.0S1-0.5Cu
oy was investigated, using extrusion of 40 mm width and 2 mm thickness with T6 treatment
Fuol 4 1h—>W.Q.—443K X 11h). Rapid heating treatment of salt bath at 513K X 0.5-5 minutes
cee rotrogression, and subsequent aging at 443K X 11h recovery of strength. Moreover, this
1oroves SCO resistance greatly, too. It is found to be related to the distribution of precipitates of
-Si on the grain boundary.
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'ntroduction
s corrosion cracking (SCC) is remarkable brittle fracture that is occurred only when
sive environment and tensile stress act simultaneously, it does not occur when they act
J‘Lm,wly,
seneral, SCC susceptibility increases if aluminum alloy strength increases. Therefore, it
omes very important in the industrially and has studied in basic and practical area. Also, SCC
luminum alloys is necessarily occurred only on grain boundary so that microstructure and
ure factor relate to grain boundary and itself have studied [1] .
oractical aluminum alloys, age hardening alloys (Al-Cu, Al-Cu-Mg, Al-Zn-Mg, Al-Zn-Mg-Cu,
“h Si content, Al-Mg-Si) which tend to precipitate on grain boundaries are always concerned to
i of SCC. However, as adjusting process and heat treatment conditions, SCC resistance
reaees so that these alloys apply to the aireraft, the ship and other vehicles. In Al-Zn-Mg-Cu
over-aging process which is called T76 or T73 often adopted to improvement. of SCC
tunee. However 10 - 15% of strength sacrifice will be occurred. Recently, RRA treatment
e improves SCC resistance without strength sacrifice is remarked. In this process of the
iment, the growth of the precipitates on the grain boundary and then resolution of the G.P.
and subsequent precipitate in grain occur. SCC resistance and the strength can be
satible consequently. Even if it is the high SCC resistance alloy, recent works has shown that
/(0 susceptibility becomes sharp with the increase of the content of Mg, Si (2] .

study, an effect of RRA treatment on the recovery of the strength and the improvement of
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SCC characteristic compatibility when doing heat-treatment corresponding to RRA comparative!
to highly in Al-1.1Mg-1.0Si-0.5Cu alloy was investigated [3] .

2. Procedure
2.1 Specimen
The chemical composition of specimen is shown in Table 1. The flat bar of 40 mm width and 2mn
thickness extruded from 3 inches diameter billet after homogenization treatment at 823K x 16
were used. They were T6 treated (823K X 1h—>W.Q.—443K X 11h). The microstructure i-
recrystallization of about 1 mm in grain diameter.
Table 1 Chemical composition of specimen/mass%

Si Mg Cu Al
1.0 1.1 0.5 Bal.

2.2 Setting of retrogression and reaging conditions

In order to fix retrogression temperature, an endothermic change by the thermal analysis in th
specimen (heating rate: 20K/min) was investigated. A result is shown in Fig.1. The area A whic
seems to be solution (G.P. I ) of intermetallic compound from the approximately 475K was admitt:
and peak to seem to precipitate was admitted around 551K. Retrogression temperature to
standards of 473, 493, and 513K was set from this result.
A condition of RRA :443K X 11h + (473, 493, 513) KX X min + 443K X 11h

Specimens of (473, 493, 513)K X X min and 443K X 11h after that are called T7 and RRA Th
researcher decide to call each heat-treatment materials as follows after that.
443K X 11h : T6
T6 + (473, 493, 513) KX X min : T7 —
T7+ 443K X 11h : RRA

Also, as the heating method when retrogressing, i
two of the ways by usual batch furnace and
salt-bath were used.

DSC

Solution of G.P. zone whether or not influenced

by the temperature rising speed was investigated.

And, water quenching was used to them.

423 473 523 573
Temperature/K

Fig.1: DSC vs. temperature curve of specimen

(heating rate:20K/min)
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2.2 IKvaluation item
©3.1 Vickers hardness

he decline of the hardness which accompanies solution in the G.P. zone in the T7 treatment, and
f.o rise of the hardness by the precipitate in the RRA in the time change were investigated by Hv

711h 10 kg weight.  Specimens for Hv were cut to about 10mm X 10mm X 3mm.

/3.2 SCC
vecimens for SCC were cut to 40mmlX4mmW X 2mmT from the flat bar of L'T direction and
tsched to the SUS 304 jig.  Then, they were loaded 100% of the proof stress and sunk to in boiled
acid liquid (CrOa: 36g/l, K2Cr207: 30g/l, NaCl: 3g/l) and the surface of specimens was observed

ry 30 minutes by using opticalmicroscope (40 X) on the presence of crack.

2.5 Microstructure
"hie size and distribution of precipitates of T6, T7 and RRA were observed with the transmission

I“crion microscope (TEM).

Hesults and discussion
© 1 Change in hardness
hange in hardness on the T7 treatment at 513K is shown in Fig. 2 by the batch furnace (heating
about 60K/min) and salt-bath (heating rate: about 960K/min). For the batch furnace, the
#ngein hardness is hardly admitted from the early stages of the treatment time and only a rapid
iness decline is found in the last stages. In another hand, for salt-bath, the change in
ness to seemed that it retrogresses of intermetallic compound from 0.5 to 5 minutes are

ntted (It is thought some intermetallic compound dissolved).
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Fig.2: Change in hardness at 513K for T7 treatment
by batch furnace and salt bath.
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From above, it is found the rapid heating has a great effect on the retrogression of Al-Mg-Si-*

system alloy. Fig.3 shows hardness for T7 by salt bath (same as Fig.2) and RRA when aging

443K X 11h after T7 treatment (513K X Xmin). Moreover, aging at 443K X 11h after T7 treatmeor:

by using salt bath, hardness recovers approximately to the T6 level except for the over-aging arc:

150

. o RRA(T7+443K x 11h)
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Fig.3: Change in vickers hardness when aging at
443K x 11h(RRA) after T7 treatment.

3.3 SCC resistance

The result of SCC resistance in the boiled Cr acid acceleration liquid is shown in IFig.4. The
time to the crack is improved in T7 and RRA treatments comparing to TG treatment
microstructures on the grain boundary of T6, T7 and RRA are shown in Fig.5(a)-(d)
distribution of precipitates on grain boundary are shown in Fig. 6(a)-(b). In T7 apd. KA
treatments, precipitates grow largely and average interval of precipitates increases, and

covering percentage on grain boundary decreases comparing with T6 from the results of IMig.5

Fig.6.
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Fig.4: The result of SCC resistance of
T6,T7 and RRA treatments.
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250nm
Fig.5: Typical TEM photographs of grain boundary.
(a)Observation lattice face (100) (c) T7 : 443K X 1 1h+513K X 2min
(b)T6 : 443K X 11h (d)RRA : 443K X 11h+513K X 2min+443K X 11h
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Fig.6: Precipitates distribution on grain boundary.
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4. Conclusions
When using the T7 or the RRA heat treatments which is often used 7000 system applied to th:

highly Al-1.1Mg-1.0Si-0.5Cu alloy, The researcher investigated whether it is possible for SC

resistance to improve and compatible with the strength, following results are found.

1) The rapid heating rate is effect greatly to make retrogression as the decrease of the hardnes-
occur in case of T7 treatment.

2) The RRA treatment improves to SCC resistance compared with the T6 treatment in the boile
Cr acid accelerated test and recovers strength to the T6 level.

3) By making T'7 and RRA treatment, precipitates grow largely and an average interval increases

comparing with the T6 treatment.
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