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Effects of Solid Solute Mn and Fe Contents on
Creep Behavior of Al-Mn Alloys *

Makoto Ando™*, Yoshikazu Suzuki*™**, Akio Niikura®*** and Goroh Itoh*****

The creep behavior of an Al-0.6%Mn alloy at 200°C was investigated to obtain fundamental knowledge on

the metallurgical factors associated with threshold stress generation. Before creep testing, the alloy was

subjected to solution treatment at 620°C for 10 h. The creep testing results confirmed the presence of

threshold stress. A plausible mechanism for the threshold stress caused Mn atoms in solid solution is as

follows: the atmosphere of solute Mn atoms around the moving dislocations significantly restrict the

mobility of the dislocations when the loaded stress is small enough that the dislocations remain in the

atmosphere of the solute Mn, since the diffusivity of Mn in the Al matrix is far smaller than that of the

Al self-diffusion. The effects of Fe content on the creep behavior at 200°C were investigated using
A1-0.25%Si-1.0%Mn- (0.04%, 0.6%) Fe alloys from the viewpoint of industrial application. Higher Fe content
resulted in a reduction in the threshold stress since the amount of solute Mn decreased with increasing

amount of Al- (Fe, Mn) -Si constituent particles.
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Table 1 Chemical composition in mass % of the alloy
specimens used in this study.

Si Fe Mn Al
4ANAI 0.00010 0.00010 0.00020 Bal.
0.6Mn 0.0027 0.00010 0.60 Bal.
0.04Fe 0.24 0.04 1.0 Bal.
0.6Fe 0.24 0.62 1.0 Bal.
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Fig.1 Minimum creep rate vs. log o plots obtained
through creep testing at 200°C.
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Fig. 2 Transmission electron micrograph of 0.6Mn alloy
after creep testing. The applied stress is 225 MPa,
the testing temperature is 200°C, and the testing

time is 150 h.
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Fig. 3 Backscattered electron images of 0.04Fe alloy
heated at 600C -(a) and 620C -(b), and 0.6Fe alloy
heated at 620C -(c) before creep testing.
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Fig. 4 Transmission electron micrographs of 0.04Fe alloy
heated at 600C -(a) and 620C -(b), and 0.6Fe alloy
heated at 620C -(c) before creep testing.

Table 2 Amount of solid solution Mn before creep
testing, assayed by the phenol dissolution
method.

(mass%)
Amount of solid solution Mn
0.04Fe 600C 0.61
0.04Fe 620C 0.73
0.6Fe 620C 0.44
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Fig. 7 Minimum creep rate vs. log o plots obtained
through creep testing at 200°C.

BNz Ligsnsd, 2o, WAOEBHIZIZIZS
BB ¥ o B AT ICHIBR S B 720, Bk 112
L2HFHIINSL B LEZONL, —T, EILJIR
THWR T DHFGVPRE L RofzDid, EEYEALATRE
% Mn ZFBRA 7 S BB L C Mn OFLHGHEE ICHIBR S 5
L, SN THOABITERERZ TRETS
LT, ERT R BZ B0 VLD R R
WCHNn 720 fEE SN D,

WIS, RHEAHYE LTEEINLFenEGAREICK
LRBOME E LT, F UE#IL620C 0%aI12B1F 5%
004Fe & 4 £ 06Fe & & DO HBIZDOWTEET 5,
0.04Fe 5412 B W TiE, Fig. 1®06Mn A& IZBWTH
Li7co ERERIZ, ISR 513827 — T #HE

6

UACJ Technical Reports, Vol.2 (2) (2015)



AIMn ZEED 7 ) — 7HWHICRITTREMn B & O Fe 0

71

Fig. 8 Transmission electron micrographs of 0.04Fe
alloy heated at 600° C-(a) and 620° C-(b) after creep
testing. The applied stress is 40 MPa, the testing
temperature is 200°C, and the testing time is 150 h.
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Fig. 9 Transmission electron micrographs of 0.6Fe alloy
heated at 620C crept at 40 MPa at 200°C for 150 h.
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