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Effect of retrogression cooling rate on mechanical properties and
resistance to intergranular corrosion of 7050 aluminum alloy
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Abstract: The effects of retrogression cooling rate (17 C/s, 3 "C/s and 0.02 C/s) on the mechanical properties and
resistance to intergranular corrosion of 7050 aluminum alloy were investigated by tensile testing, intergranular corrosion
(IGC) testing, optical microscopy(OM) and transmission electron microscopy(TEM). The results show that by quenching
at the rate of 17 ‘C/s (quick cooling), the supersaturated solid solution as retrogression contains high vacancy
concentration which is beneficial to re-aging. So, there are wider precipitate free zones (PFZ) and coarser discontinuous
precipitates at grain boundaries in the re-aging microstructure. However, slow cooling at the rates of 3 ‘C/sand 0.02 C/s,
some of fine particles of the second phase precipitate gradually on grain boundaries and in grains, which leads to
decreasing the vacancy concentration generally. Precipitation is difficult during re-aging, and the precipitate size at the
boundary is not uniform besides ambiguous precipitation free zones (PFZs). Accordingly, with the decrease of the cooling
rate, the tensile strength decreases monotonously, but the resistance to corrosion decreases firstly and then increases
slightly.
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Table 1 Chemical composition of alloy (mass fraction, %)

Zn Mg Cu Zr Fe Si Al

5.83 2.32 2.15 0.10 0.11 0.02 Bal.

Wk 25 420 “CAR-%E 90 min Ab3 5, #%L 4 2 mm,
DL SEIS B o FTEURE S22 473 °C L 60 min [Bl3 A3
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Table 2 RRA processes at different retrogression cooling rates
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SIfRIAC 4 R-17 A1 RRA-17. R-3 #1 RRA-3. R-0.02 Fll
RRA-0.02. [B[Th0FA35 K H 2 i # P 3 FHlH
1 °C/ls)o
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fPERE AR 1 TR,

RRA process Pre-aging Retrogression Retrogression cooling rate/("C-s ") Re-aging
RRA-17 120 'C,20 h 190 C, 0.5-120 min 17 120 °C, 24 h
RRA-3 120 'C,20 h 190 C, 0.5-120 min 3 120 °C, 24 h

RRA-0.02 120 'C,20 h 190 'C, 0.5—120 min 0.02 120 °C, 24 h
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Fig. 1 Variation of tensile properties with retrogression time
at different retrogression cooling rates: (a) Ultimate tensile

strength; (b) Yield strength; (c) Elongation
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Table 3 Tensile properties of RRA-treated alloys at different

retrogression cooling rates

Tensile Yield Elongation/
Heat treatment
strength/MPa  strength/MPa %
RRA-17
593 571 10.5
(190 C, 60 min)
RRA-3
578 547 10.6
(190 C, 60 min)
RRA-0.02
573 542 12.6

(190 °C, 12 min)

22 S&BIEEREMRELE

¥ Bk 3 P ALRAS KA (RRA-17, RRA-3,
RRA-0.02) /5 s [ Fg o i AT 5556, 28 R B,
TESERAI, RIR A R4, 2h 505
%z, HIrARFERINIT A ke, JFMER A6
Y. 24 h 5, WAERA TAFRREEREM, RRA-3
AR MR, RRA-17 SRFEERR. Rk
SIRUEE, RINAFLINAG AR, RRA-3 1k
7%, RRA- 17 iRk, SRk e an i 2 pros,



323 5 S W

ZE[EE, S [P HIEERNT 7050 A 4k R R S 1) JE T (5 i 1237

2 3 PR RRA 56 < 01 1) kR AR T T 35

Fig. 2 Three typical intergranular corrosion morphologies of alloys after RRA treatments: (a) RRA-17; (b) RRA-3; (c) RRA-0.02
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Table 4 Maximum depth and grades of intergranular

corrosion of tested alloys

Heat treatment Maximum depth/um Grade
RRA-17 50 3
RRA-3 100 4
RRA-0.02 70 3
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Fig. 3 Variation of electrical conductivity with retrogression

time for RRA-treated alloys at different retrogression cooling

rates
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Table 5 Electrical conductivity of alloys treated by three
typical RRA processes

Electrical
Heat
Heat treatment technique conductivity
treatment
(TACS)/%

(120 C, 20 hy+
RRA-17 41.2
(190 °C, 60 min)+(120 °C, 24 h)

(120 °C, 20 h)+
RRA-3 34.7
(190 °C, 60 min)+(120 °C, 24 h)

(120 C, 20 hy+
RRA-0.02 39.7
(190 °C, 12 min)+(120 °C, 24 h)
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Fig. 4 TEM images of alloys after retrogression treatment at
different retrogression cooling rates: (a) RRA-17; (b) RRA-3;
(c) RRA-0.02
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Fig. 5 TEM images of alloys after RRA treatment at different
retrogression cooling rates: (a) RRA-17; (b) RRA-3; (c)
RRA-0.02
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