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Fig. 1 Morphology of dispersoids in 5083 alloy with H116 temper condition (a) and EDS spectrum of spherical-like particle (b)

B=[011]

Fig. 2 Morphologies of spherical-like or irregular-like particles observed along different B orientations of electron beam:

() B=[011]; (b) B=[112]; (c) B=[101]; (d) B=[010]; (e) B=[110]; (f) B=[110]
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Fig. 3 Selected area diffraction patterns taken from particles in Fig. 2(a) by tilting around diffraction vector (200): (a) B=[031];

(b) B=[021]; (c) B=[032]; (d) B=[011]
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B4 & 2(d)BURAH ST 5% 50018 [ T R4 30 X B FAT S A6 R
Fig. 4 Selected area diffraction patterns taken from particle in Fig. 2(d) by tilting around diffraction vector (001): (a) B=[100];
(b) B=[110]; (c) B=[120]; (d) B=[130]

T BRUBURARAT S AERE i A~ s S EL AT T 508 LA SR it T £ 2
Table 1 Calculated and experimental values of crystallographic data corresponding to SAD patterns for spherical-like particles, and

sample-stage angle being tilted

Figure Experimental value Calculated value” Stage angle
Case (hikily)  (hakyly)  [uvw] —— Tilted angle/(°)
No. di/A A al(®) diyA  d/A /() X(°) YI(°)
Fig.3(a) 9.926 6.333 975 9.829 6.169 979 200 111 011 -168 -52 0
Fig. 3(b) 10.00 2.668 91.7 9.829 2.626 925 200 223 032 —-6.6 0.1 11.5
: Fig.3(c) 9.885 4.454 874 9.829 4435 884 200 312 021 0.7 3.6 8.1
Fig.3(d) 9.875 3.277 101.7 9.829 3210 1024 200 313 031 9.9 8.2 10.5
Fig.4(a) 8.603 3.888 90.0 8.542 3.787  90.0 001 020 100 217 148 0
Fig. 4(b) 8.637 7.216 1022 8.542 7.608 103.0 001 110 1o -43 127 17.5
2 Fig. 4(c) 8.571 3.303 919 8.542 3244 919 001 421 120  11.0 106 154
Fig. 4(d) 8.646 5.678 83.0 8.542 5583  83.1 001 311 130 212 9.2 10.3
3 Fig. 5(b) 6.177 10.39  60.0 6.169 1045 60.2 111 ZOTM 112y, —-13.8 6.1 0
Fig. 5(c) 6.203 6.267 110.5 6.169 6.169 109.8 111 111, 101y 21.1 -6.9 36.9
Fig. 6(b) 6.335 8.511 56.9 6.169 8.542 583 111 001y 110y 6.9 10.6 0
4 Fig. 6(c) 6.377 2.662 839 6.169 2.669 844 111 3T2M 35§M 8.1 -1.5 12.2
Fig.6(d) 6.378 3.601 95.5 6.169 3.607 952 111 3T1M IZTM 86 —6.0 4.5
Fig, 7(b) 7.111 10.63 96.0 7.067 1045 96.2 EIO ZOTM 112,“ 18.8 8.7 0
7.111 9.872 1123  7.067 9.819 111.0 110 200r 001, 18.8 8.7 0
s Fig, 7(0 7.175 3.733  88.8 7.067 3.643  88.8 EIO 405M 33‘11\4 -1.9 -63 20.8
7.179 3.699 81.0 7.067 3.607 813 110 311y 114y -19 -63 20.8
Fig, 7(d) 7.164 5488 85.0 7.607 5318  85.1 EIO 205M lll_M -11.5 -3.0 10.2
7.164 5.171 109.1 7.067 5.064 108.6 110 201y 112 -11.5 -3.0 10.2
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Fig. 5 Image of twin viewed along electron beam B=[112] and SADPs of twins along different B orientations of electron beam:

(a) B=[112]; (b) SADP, B=[112]/[112]r; (c) SADP, B=[101]/[101]y; (d) SADP, B=[011]y/[011];

#2031

JA21T

6 LTI B=[110] N HIZRSTESUAAN R HL 7 S0 B A1) T 2R B AERE
Fig. 6 Image of twin viewed along electron beam B=[110] and SADPs of twins along different B orientations of electron beam:

(a) B=[110]; (b) SADP, B=[110]/[110]y; (c) SADP, B=[352],, /[352] ; (d) SADP, B=[121],, /[121];

[352]y /[352]p A [12 10y, /12 1] ZE AT AERE, A
6()FI(A) TR, ASEATH R (111) fRRFARES.

2.3 0-Als(Mn,Cr); 1889 (110) ZE R
Bl 7(a)Fr B 3(b) T 0 MBURLSCR S, BAE M

RARSREERTEAN, BT My T JREAER ST A 5
M, MELEHY MTMTMT, H& B FATHER:, H
M. T Z8 g P04 AS 585 6 AR (B B XS 46 P
IR)s IXFPTESRFAE SUPRIE 25 R sl 2R s . 1 7(b) B
NEE 7R R G S A BT ATIAERE, &

-
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B 5B 28 S AT AEREI S B B=[112]y [001];, 3%
Tt R ' (110) , BUSESEM . SR, SR ttiumfiT st
S (T10) & PR 20.8°81 10,2015 #1 FF 2%
1), SR BIZE L [334]y /(1141 FI[111]y, /[112]; &
HHFRTHAERE, W 7()MdFiR, HPh M. TH
A AT R A BRI AR, A 3 B SL e ATy

7 HTFH B=[112]\/[001]; FHIZESIESURIR [ LT3R B 717 N HIZE e R

N (110) .

24 0-Als(Mn,Cr); HNE & ZF

8()FI/RA 0-Alys(Mn,Cr); AR 5 52 i
JERS, K SOEMAT I, A = AL B
MCX, P4 T A XHI IRESFL, AT

Fig. 7 Image of twin viewed along electron beam B=[112]/ [OOT]T and SADPs of twins along different B orientations:
() B=[112]\/[001];; (b) SADP, B=[112],/[00 1]y ; (c) SADP, B=[334],, /[1 14_1]T ; (d) SADP, B=[111],, /[1 15]T

B8 0-Alis(Mn,Cr), HiE A28 5 AI[112]4/[112]/[001]c

AR T AERE

Fig. 8 Morphology of multiple-twin #-Alys(Mn,Cr); and SADP of multiple-twin along B=[112],/[112]/[001]¢: (a) Morphology of
multiple-twin; (b) SADP, B=[112]4/[112]/[001]c; (c) Enlarged image of multiple-twin; (d) Morphology and SADP of multiple-twin
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i B X B 8y N5 Bl 8(a)i Xt B A 2R
i AT AT RE, S0 B b e A B
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8@)MIFTR), —FHZIARMAN 35 B 8(c)n Kl
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FR LT (11 1) ARR, 4% E AT HEBR (B R 40 (A 2k T
) A X5 C X PAZEF G (110), AIEHE, & HF
TSR (E R AWML TR, B X5 C XAHAAAF
B, IR B 8(d) s A — 6-Alys(Mn,Cr); FHAR
R A2 RIS, FFEH Ay B Al C =HB4r 41k,
A 100 4 PR 2 12 AR R AR L I AR 4 (FFT) 3R 45 1R A7 5 48
FE, SE 8b)KEL, PAAATHRRIA (111) F
(110) , Z 43Tl 2 53 I Pl 8(dl) 1 253 it T A
BiTh, M2 36°(BIh ALATR), Sebr b (111) F1(110)
2 18 f ISR N 35.9°, STl St SEARYIA .
FiAZ O FHRURL LS AR T, WE SR E AR AR R
P R S B SEZR TR

3 it

3.1 6-Als(Mn,Cr), HHE 2 RIEETHE

X T B RHE R RS R & S, B2 T Xt B
PERISE T S &R, AT G Ui AU AR 2 T AT AR
B, A B AR B VR PSR B 3~7 AT
STERE bR g 25 R S H A B 2 T I F RE G 2R B 9
JIT 7~ N SR 5K 6-Alys(Mn,Cr); #H[010]/(010) 855 $55
B, IR B CR AR R R —A e H[010]),
B 4 B e AT S0 /N S5 ER 7R 0-Alys(Mn,Cr),
HH o ) i B FEAE AR B o Ar L, B I [100] 5
(0010 F IS B R K |, —#F A2 128.72°(R
p=128.72°); WA FFE A IO/NA SRR 0 i
TP A AR o B 2 (s SR K I BAR R
INGEBHR TG BOAT B S B (WD E IR BUE FRias 2k, an 2k
AT R B R 0 I A U R AR I 1 (P
i) BEEOETE RN AN LN A5 (R & )
Z BN FE o R T BRURY it 28 A [ i 5P o T A 5 )
AHMEE, EIERESRMERAREE, Wk
H100] 4 A 5 (100) dn TRIAH 22 38.72°. AT HA C2/m
BARLEERII O A, A ST 1) AT (T1D) L (111 AN
(111)LA S (110)F1 (110) 4352 S AR S 25640 i, T ]
PEAZSE, 06 MM QLT A0 (L) F 5 T 8] BE 2 R
0.6171 nm; (1 11) AI(111)H & A FEEI )y 0.4937 nm;

(110)A1 (110) () S4TEITAI R 0.7067 nm; _FiR % S 7E
W E LT 9y rb (7 B IR S T A )2 TR R A5 381 7
A, MR, B 3 R 4 BoRATEAERE D B T
W 11(200)FI(100)ZE LR (RE AL K B A2) b, R
kI 1 [011]—[032]— [021]—[03 11Kk 2
11.4°, 8.1°A1 10.1°, {HIAI[100]—[110]—[120]—[130]
WIRARZE 16.7°0 14.3°H0 11.0°, £ &[5 (8] i R 155
EEZR 1 KRR B A ARG B S A6 fir
T B BT S AE R 0 & 4 06 T B (1) A
(1) Z2E I, SR Mt SR 1 RS i
A ARG, RAA SR ATHAERE bR (1 IR
A W B S A [001] . [114] [112]. [112].
[3341FI[ LI ERAL T W% (110) (LR |, AR A2
F[112]—[334]-[ 1K KA Z 19.4°, 9.7°, 1M s 7]
[001]—[114] —[112] AR ZE 19.5°, 9.7°, HH,
M 7(b)I[112]/[00 1] BEIAFF AT 19.4°, HBL
[334]y /[114]; 28 S AATHERECLIE 7(c)), 4kB:M
B 9.7°%, WMLy /1112, L 7(d) 2552 AT
SHTERE, nSRIBRLEE5 E kWi 23.9°, B BEALRA
[110]w/[110]r, BPE 9 Hify) P fikk, P sSALT =%
(110)  (111) FIO01)ZELE AT AL, DRIAR S e 72
FAL R AL = A, B 2(e)~2(H) = 4L &b TH
(110) « (111) FI(001)25 5L -3 5% it il PR U 2 P £
JEH G 1 Hid S IRE R U (0 FE AR, i —
IIF SRRV R O ARAT S ARAEAR 2 1 IE A

9 9-Alys(Mn,Cr); #1[010]/(010) M S B K
Fig. 9 Stereographic projection of 6-Aly;s(Mn,Cr); phase
along [010]/(010)

3.2 0-Als(Mn,Cr), HBVE R FI R ERES
HRAE AL-Crl"* SIR1 AL-Cr-Mn AU, FE 48 360
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Al-Cu-Mg &4 T Mg e, 5o, HT
5083 A &I R IR E( 500 CLL b)),
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— PSR AR T A ot A M T R LR /D 1) 2
T BT Bh s HE T 2200, b 44 A A Ak 1) 2 e T B8 AL
R TS0 EE st A 1 5 g R 0 A T ) 2R — 2 g
&5 4 TR ¥ vy LT [0 B2 K 1 o5 TR0y 25 T B0 A 2% HE
T T A 45 A TR R T B T8 BORT S T,
1 7o< |Fygl” - X SHLRATAT JCPDS#29-0014 K Fr 7% 0
FRE (L1 A1 (LT BORTST 58 FE 1EE SR (RD 1 =75%),
ZEA 3.1 A R A ST (111) AN (L) T (AR {111}
A T e K, R RHEIRT 0 AR PR3 Bl 25 HE TR A (T11)
A1), R R M Re 7 AR s g 51 0
MRz R ZECo8 (1) sk (111 H—Fh2sFms L
BOTH A (110) , IXFhEEH 2R BECRARAD, ST
75 R B R AR i 2 R S AN UC RO FRE o X Fp s i B
RACIEAZ G5 HI ) CaMgSi AP Ni-Ge A 4P ] i
KE|, efnEd s, HEREAARNCD. &
SCH O AHIZR b A 180°HEHE 25 b

4 Z5ip

1) 5083 &4 H116 I LA JREU AT Bk
RECAFLTZR H 6-Alys(Mn,Cr), 48, £ 100~300 nm,
BEANL AR, a=2.5196 nm, »=0.7574 nm, ¢=1.0949

nm, B=128.72°, ZAMFELLRT 5083 #56 &7 R
MEE].

2) 0-Alys(Mn,Cr); FBURL 55 7= £ 25 d ey, 22 T
T 11Ty, IEHEE A (T10) 5 (T10) . O M2 5
J& 180° e 5528 i o
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Twinning of 6-Aly;s(Mn,Cr); phase in 5083 aluminum alloy

XIAO Xiao-ling', LIU Hong-wei”, CHEN Wen-long', ZHAN Hao', SUN Hong-ying'

(1. Guangdong Industrial Analysis and Testing Center, Guangzhou 510650, China;

2. Australian Centre for Microscopy & Microanalysis, The University of Sydney, Sydney 2006, Australia)

Abstract: The morphology and microstructure of dispersoids in 5083 alloy with H116 temper condition were

investigated using JEOL 2100F transmission electron microscope equipped with EDS and STEM. The results show that

the discrete spherical-like or irregular-shaped 6-Alys(Mn,Cr); phase which has monoclinic structure with a unit cell of
a=2.5196 nm, »b=0.7574 nm, ¢=1.0949 nm, $=128.72° is observed in 5083 alloy. One type of twin is shown to be a

(Tll) or (IIT) twin with the (T 11) or (11T) plane serving as the twinning plane, and another type of orientation

twin is seen to be a (1 10) domain with the (1 10) plane serving as the coherent plane. The boundaries of both (1 10)

domain and (1171)twin are found to be coincident with the twinning plane. In addition composite-twins are also

observed in 6-Alys(Mn,Cr); particles. Possible formation mechanisms of the twins are discussed based on a

crystallographic consideration.

Key words: 5083 aluminium alloy; TEM; 6-Al;s(Mn,Cr), phase; twin
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