UAC] Technical Reports, Vol.3 (2016),

pp. 11-18

11

i X

60005% 7V I

:ﬁAﬁ$®M%MI¢®F%ﬁﬁE&L&ﬁ?

Mn ﬁ J: U\ Zr 4J“b[lo)§2 =

b B,

I HEAL

Effects of Mn and Zr Addition in 6000 Series Aluminum Alloys on
Substructure Formation during Hot Deformation *

Hiroki Tanaka™* and Yasunori Nagai***

Thermal stability of substructures in 6000 series aluminum alloys containing Mn and Zr elements was

investigated by a plain strain compression test. In order to form thermal stabilized substructures, it was

found that the deformation conditions should be arranged to correlate with a kinetic precipitation during

the deformation. The substructures of the alloys containing Mn and Zr elements, the substructures were
stable in the heat treatment at 540°C when the alloys were deformed at over 350C . The sheets rolled at
over 350C in the strain rate of under 3/s per pass showed the fibrous structure after the heat treatment

at 580°C . The sheets with the fibrous structure had the average Lankford value over 1.

Keywords: 6000 series aluminum alloys, plain strain compression, substructure, thermal stability, fibrous
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Fig. 1 Shape of an anvil (a) and a specimen with a screw
embedded in the center (b).
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Table 1 Chemical compositions of 6000 series aluminum
alloys. (mass%)
alloy | Si Fe Cu Mn | Mg 7n Zr Al
S 101 | 022 | <0.01|<0.01| 059 |<0.01 |<0.01]| bal
M 1.04 | 020 | <0.01| 062 | 059 |<0.01|<0.01]| bal

MZ | 095 | 020 |<0.01| 062 | 059 |<0.01| 014 | bal
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Fig. 2 True strain in the y-direction obtained from
experimental measurement after 50% compression
at 500C and strain rate 0.1/s.
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Fig. 3 Optical microstructures of the samples after 50% compression: strain rate = 5/s.
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Table 2 Microstructure of compression test pieces on S, M and MZ alloys after 540C treatment.

strain rate 0.5/s 1/s 5/s 10/s
alloy S alloy | M alloy |MZ alloy| S alloy | M alloy |MZ alloy| S alloy | M alloy |[MZ alloy| S alloy | M alloy |[MZ alloy
500C R F F - - - R F F - - -
450C R F F R F F R F F R F F
400C R F F R F F R F F R F F
350C R F F R F F R GG F R GG F
300C R GG F R GG F R GG F+R R GG R
250C R GG R - - - R GG R - - -
200C R R R - - - R R R - - -

Symbol / R : recrystallization, F : fibrous structure,

(a) Strain rate 1/s (b) Strain rate 5/s

Fig. 4 Optical microstructures of M alloy compressed at
350C after 540C treatment.
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Fig. 5 SEM-EBSD analyses of M alloy compressed at 350C in strain rate (a) 1/s and (b) 5/s after 540C treatment.
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Fig. 6 Misorientation angle histograms of M alloy
deformed at 350C in strain rate 1/s after 540C
treatment.
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Fig. 7 TEM microstructures of (a) S alloy and (b) M alloy
after the homogenization at 480C for 6 h.
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Fig. 8 C-curves for decomposition of the solid solution in
castings of alloys Al-0.62% Mn (&) and Al-0.31% Zr
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Fig. 9 The results of sample temperature and strain rate
on the controlled rolling.
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Fig. 10 Optical microstructures of the worm rolled sheets
on MZ alloy after the solution heat treatment.
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Table 3 Mechanical properties of the sheets by control rolling and conventional process.

Alloy o T4 (540°C90 s) BH (170°C-30 min)
Direction

process YS (MPa) | TS (MPa) EI (%) 7 value Ave. r Ar YS (MPa) | TS (MPa) EI (%)
MZ alloy 0° 167 273 21 047 184 279 22
control 45° 150 253 20 1.94 1.32 125 162 240 17
rolling 90° 164 257 21 092 185 268 20
MZ alloy 0° 127 244 2% 0.60 155 262 21
conventional | 45° 123 239 24 091 0.73 034 151 258 19
process 90° 128 244 25 052 149 255 20
S alloy 0° 99 214 30 0.77 186 275 22
conventional | 45° 98 210 31 0.62 068 0.12 181 267 23
process 90° 96 208 28 0.70 180 268 23
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Fig. 11 Misorientation angle histograms of the sheets after
the solution heat treatment at 540 .

% Fig. 121”89, MZAESHIBEEM 1, HEEEEH
H(10111<211>,{1231<634>,{112<111>) 25 % 5 fr T,
ZFOHMBERIBO LNV TH 72, HIEESHBEE
45° HMOrflizm LS8 2 EPM5NTHE Y O
T, MZAEHBEELEM O r i O 2 0 HEAERFRIC
RATLLDEEZLNL, 72721, BHEOMZE4
WL O MEEE TROSAEE L AMET, &
WTHOMZEEIIE Y, 2F ), MZASEIZXRX—27 N
—FLIEZKWEEREZRT, i, BWELET
Al-Mn-Si ZALAWATER L T SiDFERAMD L, K
AL IC MgSIH DD % 720 EZ 5
N5, HIEELEFIZ S AL-Mn-SiRLEW O A L
EEZ LN, MZEEHIBTEEN ONX—27 n— Fk
PR Zo/zb D& b s,

L, BELEISTB LR TVRETHTTS 2L
T, BALE T TEAERATE S b 2 L RR LTz,
ML O IO ER Z OBIHTH &L TEA S
N2Haf L OMEAEA B X O T EHMRTER 2 7 = X 4
WL CTIISHROBETH 5,

&

il

SO B A R O N O3 AR & R L 7
T, Al1%Si-0.6%Mg & 4 D T EALRRIE R T3 s
MnB L O Zr iMoo EZRHAEL, LT ORE LR,

(1) MnB XU Zr 2L 72640 T EBREIEZ R,

MITREDB IO T AREDORELE 2T 5, [H
BEMnB L Zrofr 7 — 212 ind 24
ECHhHE, BALE R TR DTS %0
Mn i L 7235613 400C DL Lo TR EE T 2K
ZRER TIAMIERARDO HNE, E5I1TZrd
W 52 LT, B EZMA5 9 2Tk
FEIZS0CHE T I ENTE S, £/, OF
FHHE DN TTAS, B LEE 7 T EBALE % Tk
FTHEBPRONS, RSN IHFEOMnB

)

UACJ Technical Reports, Vol.3 (1) (2016) 17



18

6000 %7V I = A G SO L O FEBHMIERIC KIZT Mo B X O Ze i o 8

MZ alloy-CR

MZ alloy-STD

S alloy-STD

Contour Levels:1.02.030.....180

A Brass{011{<211> W S{123}<634> @ Cu(l12{<111>
[[J Cubef001}<100> <> D-Cube{001}<110>

Fig. 12 ODFs of control rolling sheet (CR) and conventional process sheet (STD) after the solution heat treatment at 540C .
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