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Effects of Impurities and Processing Conditions in Al-1%Mn Alloy
on the Formation of Thermally Stabilized Substructures™

Wataru Narita** and Hiroki Tanaka™**

In this study, the effects of impurities and the processing conditions on the thermal stability of
substructures formed by hot deformation were investigated using a plane strain compression (PSC) test.
Two types of Al-1%Mn alloy were prepared. One of the alloys had a low content of impurity due to the
use of a pure aluminum metal (4N-1Mn alloy). The other was cast by using 1050 alloy (1050-1Mn alloy).
The PSC tests were performed between 300 and 500C followed by annealing at 500C for 120 s in a salt
bath. After the salt bath treatment, the 4N-1Mn alloy showed a recrystallized structure, whereas the 1050-
1Mn alloy retained their fibrous structure. Although the 4N-1Mn alloy showed a small increase in
electrical conductivity after the PSC test, the electrical conductivity of the 1050-1Mn alloy showed an
apparent increase. The synchrotron radiation analysis confirmed AI-Mn-Si precipitates in the compressed
1050-IMn alloy. These precipitates are considered to be the reason for the change in electrical
conductivity in the compressed 1050-1Mn alloy. Small precipitates formed during the hot deformation
seemed to affect the formation of the thermal stabilized substructures. In addition, the study results
showed that the impurities, such as silicon, contribute to the precipitation during the hot deformation.

Keywords: aluminum manganese alloys, plain strain compression, substructure, thermal stability,
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Table 1 Chemical composition of the samples.

4N-1Mn & 1050-1Mn O 5L T35 Sk £ % G
X DRE L2 TOfE, £h2EN250 um & 94 um
Tholzo ZOHMASIEE10 mm (ST J51), 1FH20 mm
(LT J1A)), £&50 mm (LJ51H) ORERF % FH8 L 72,
B, BB THhOBEBEICEOREE WS 2ITT L7
B, INHDOR T TITIEALMBIZAT D % b o 7o
PSC13300C %> 5 500C O THERE L 720 REH %
INTHREE £ T60 s THImZ ATV, ZD#%60 s DIREFD
%, W35 mmE CHEMEAT o720 OTAHEIZZEN
Zh01 s, 1s 10 sTO=4MECERM L7z EMiR
BEBICKEL, £ 512500C, 530C O£ %I T
120 sEILIR A 4T o 72 R IS THE KRG B 4T o 720 EME AR
Fr T TR % (R DGSE R TR L7z, 72, IEME O
HUOES, B XM ORBIIN L, LERWE %
Fehiti L 720

3. KEER
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O AMEL s THHM L2303 7 oillikz
Fig. 11”96 AN-IMn D¥;45, 300C TPSCilERZ AT
o 72T IS MHE DL 2 7R L 722%, 400C LU E o B2
TPSCHER % AT o 72 3R P 12 BR 20 A L2 F 5 oL 332

(mass%)
Si Fe Cu Mn Mg Cr Zn Ti Al
4AN-1Mn 0.01 0.02 <0.01 0.99 <0.01 <0.01 <0.01 0.01 Bal
1050-1Mn 0.16 0.34 <0.01 0.99 <0.01 <0.01 <0.01 0.01 Bal
4N-1Mn alloy 1050-1Mn alloy
As PSC 500C-120 s As PSC 5001C-120 s 530C-120 s
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Fig. 1 Optical micrographs of the constriction parts of the compression test pieces after PSC test —_—

and heat treatment at 500C or 530C on the 4N-1Mn alloy and the 1050-1Mn alloy.
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aN7z, Table 23 X U Table 3124N-1Mn & 1050-1Mn 4N-1Mn & 1050-IMn @O $5 3 0 EE R Z 2 h Eh
D3I 7 UHEEEALE ENEIRT . AN-IMn I Z AR TS 294%IACS, B X U305%IACST H » 72, Fig. 212
T CTPSCHBEZ 1T &, TXTOPSCHEEMHIZHB W PSCiEfA D BER % /R T o 4N-1Mn 2 B\ TIEEHME
T500C TORMILFL I RS A EZ R L72e —F e FEEMIR CTEBRICDOT MRS Nz, —
T 1050-1Mn 13 400C DL Lo E T PSCHRER % 17 - 7235 77, 1050-1Mn (2 B\ T FEHE B O BB SR A IEH ki
&, 530C TOHMI % 1T - T HMHEIRARR %2 HEFF 5 5 WARTHEAL R W MERE SNz, 3512, 400C LR
CEDERTE D, F72, 350C LLF o TPSC iR THMRB 24T o 729 v I VIZB VT, EMEET
AT 72HETE, AL IS TS AL A R 2 LAY 3702, FEEMEOEER L B o7
o be LEOFE I, 1050-1Mn £ 4N-1Mn & X
TPSCRERTZICIT & A RS9, 212 1050-1Mn
Table 2 Microstructural change in the 4N-1Mn alloy.
4N-1Mn After PSC 500°C-120s
N Strainratel oy |1 | 10/ | 01/s | 1/s | 10/
emp.
500C F+R F+R F+R R R R
450C F F+R F+R R R R
400C F F+R F+R R R R
350C F F F+R R R R
300C F F F+R R R R
Symbol / R: Recrystallization, F: Fibrous structure
Table 3 Microstructural change in the 1050-1Mn alloy.
1050-1Mn After PSC 5007C-120s 530°C-120s
. Strainratel o9 0|1y | 10/s | 01/s | 1/s | 10/s | 0l/s | 1/s | 10/s
emp.
500C F F F F F F F F F
450C F F F F F F F F F
400C F F F F F F F F F
350C F F F F F F F F F+R
300C F F F F F F+R F+R R R
Symbol / R: Recrystallization, F: Fibrous structure
(a) 4N-1Mn alloy (b) 1050-1Mn alloy
n 32 A 2 —
2 | oConstriction OInvariant = | @Constriction OInvariant _
< < As cast — _ miN N
N 31 77777777777777777777777777777777777777777777 N 31 ’;777;777;777;77’ i = I~ T 1 [
Q Q ) O e e T S 0 A R O
= As cast =
B8O 230t 1 11 | 11 11 [
2 2
S = B
< 29 < 20 : 1 T
= <
S S
= =
2 28 2 28
57 o1 1 10|1|0.1 1 10|1|0.1 1 10 5701 1 01|01 1 10[1]{01 1 10
[} [}
/ 300C 350C 400C 450C 500C M 300C  350C  400C 450C 500C
Test condition on PSC Test condition on PSC
Fig. 2 Change in the electrical conductivity after PSC tests on (a) the 4N-1Mn alloy and (b) the 1050-1Mn alloy.
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Fig. 3 Relationship between the forming time and the
electrical conductivity.
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Table 4 Analysis method in Aichi synchrotron.

Beam line BL8S1
XRD (260 method)
PILATUS-100K

Analysis method
2D detector

Diffraction angle 7~49.99 deg
Scan speed 2 deg/min
Step width 0.03 deg

Exposure area 0.5%0.5 mm
Wave Length 08692 A

@ AlsFe,oMng
A AlMn

(a) 4N-1Mn alloy V Al,Mn

Intensity / x1000 a.u.
w

Al |Constriction

| ) ) Invariant
10 15 20 25 30
20 / deg
® ALLMn,Si, V¥ Al;sFe,
B ALFeSi  # Al;Fe,,Mny,

O Al;Fe,Sip; 4 A
(b) 1050-1Mn alloy O AlgFe

sMn
<& Al Fey,Mn,Si,

5

Intensity / x1000 a.u.
w

1 . : Jnvariant
10 15 20 25 30
20 /deg

Fig. 4 X-ray diffractograms taken on the PSC specimens
compressed at 400C at a rate of 1 s™ from
(a) the 4N-1Mn alloy and (b) the 1050-1Mn alloy.
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Fig. 5 Hypothesis on the formation of the stabilized substructures. @: lattice constant.
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