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in Al-Cu—Mg Alloy by Electron Diffraction Experiments
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ABSTRACT

In thiz paper it iz reported that a comprehensive study of the erystal structure of the fine size @ phase

(AlCubg) precipitate in Al Cu Mg alloy by electron diffraction experiments. The experiments involve

talcing the selected area diffraction pattern for a 3 phage particle, simulations of the pattern based on the

kinematical diffraction theory and quantitative data collection from the zone axis diffraction patterns for the

comparizon with calenlated diffraction intensity using both the ldnematical and the dynamical diffraction

theory. Ag a result, a good fitting model of the & phase stmicture tume out to be the model reported early by
X ray methoda(Perlitz & Westgren, 1943} not the new model determined by HRTEM methods (Radmilovic

et al, 1999,
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Table 1. The crystallographic data of 3 -phasze (ALCuMg) mod-

alz,
Cmem (No, 63), Crthorhombic with 16 atomafcell
The PW model: The refined RaVel Model:

a.=0.400mm, b, =0.923 nm, a,=0.403nm, b,=0.930nm,

¢, =0714nm ¢, =0708nm

Site Mo, Atom x ¥ Z Atom H ¥ Z

2 Al 0 0356 0036 ) Al 0 0362 0038
4{c) Ca 0 0778 023 Mg O 0765 023
41(e) Mg 0 0072 023 Cu 0 0074 0323

Table 2, The calculated walues of the stuchwe factor squares
for the FW and the Ravel models: | F (kD/F (20001 %

100,
[1-10], zone axis [001], zone axis
il PW Rawel hil W Bawvel
002 5.6 55 0200 270 7.4
004 320 310 040 3.0 16.0
008 18.0 17.0 0&0* 0.6 6.2
1o 1.3 0.4 10 1.3 0.4
111 1.5 0.9 130* 13.0 5.0
112* 8.0 300 150 4.2 0.0
113 330 10.0 170 0.0 26.0
114 2.4 6.1 220% 9.1 0.1
220 9.1 0.1 240 0.6 5.3
221 1.1 1.1 2600 0.5 4.1
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Fg. 1. The bright filed (BF) image (2) and corresponding SAED (b) for 2-phase precipitates in A1 with the orientation of [1-
10]s| | [1-12]4;. The (¢) and (d) are the corresponding simulated SAED s for the RaVel and the PW models, respectively. The
correspondence between the experimental and caleulated kinematical diffraction intensity for reflections {1133, {114} and

{220% iz superior with the PW modal.
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Fig, 2. The BF image (a) and corresponding SAED (b) for S-phase precipitates denoted as arrows in Al with the orlentation of
[00 1]S| | [0-21],;. The {c) and (d) are the corresponding simulated SAED's for the RaVel and the PW models, respectively.
The correspondence between the experimental and calculated kinem atical diffraction intensity for reflections {0203, {0403,
{150% and {220% iz superior with the PW model. In the (b) the reflections denoted arrows are {113} from the other precip-
itates with the orientation [0-3 1]s| | [0-21],; which are not relevant to thiz comparizon.

(%) =2l JT- JL /T (/L )% 100 (10)

| R Wk BAYA )7 whg o ol
g% 9= ol A €T Foe 729 9
X-ray @A eFe] R st dopalet.

(a3

Ho o DA
1. SEE HEyH ABlM B Ao
Fig 140 BF U044 o8] #5122 e 9ej2

AFA EE 480l -4 4% IASI 0% o

e o e F2 dnm AET o8 494 a

2 A5 9 (1108 659" 9 e olFRA o
whks] 7o) 200 nmeo)Akel Ao = vyehtgldh Fig,
b o] &7t 2349 =7 200nms] o #F
g9 el oSt DP (selected area electron difffaction
(SAED) patterns) ¢k o] [1-10]zll [1-12],, zone &2
DPelA 7o)y 279 [1-12]y zonedel] Selsle
Bragg®)d &L sl % 7bspA ept slm 54 A
A2) [1-10], zone®e] &49% Bragg®d AE2
SkA bRt dlet Fig 2¢] A%, BF 4l @)elA b
of w2 (abke] H)vbe 2ofo2 A 383
A bt Aol 8- UAEH Aol o] 8-



Kim HS . Crystal Structure of & Fhase Precipitcgte in 4l Cu Mg Alloy 7

boBe] AAFAL o 180m (195, olshelc o] 3
Aef| H 3t SAED #{=le] Fig 2be] vfeht glch ¢
(001, 1 [0-21],; zone&4] DPejlA wzu|y A3
[0-21]4; zoneS+l| Ll3l: Bragg®|d 3 200,°] 7H
A orERE gl 8- A [001]; zoneSd| &)
%1x BraggE® HEL A et sl oE
SAED =&+ ®55% DP A& o2 Eo] (o) ()
Al vEretslet [1-10]; zoneZ3 [001]; zones ¥
DPEL(x y)&Y da& JlAeZ (o)t (d)e] 292
1/4 2 A1 Akl H5t DPERE BAFT glef o] 4
B AE2 454 A(2)E st Aakar Ao
(cfe Teble 18] RavVel 2ds] 27d<|HlE 8%
el {d)e PWEHS] H BE Y3 A<t 2
23 g-A AR HY] deolBle 3F] (30~ 100)a, -
(3~5)bs - (3~ 5Jeso] WEHHG LT, of HHH] =7
oA #3 FA7t=s] Hags A9E | #E53 332
= (b} HHo= b FAE BAFHAG oA
2 54 YAk BUAle AaRA Yt g =
717 A= Am HAAA WE R s Wt A
et o] 2H =78 BFAA SAE et ¥z
B9 (3~35c: & 2.2~3.0nme H$E Fig laz5H
& Z8 g dnm o5t W sle=z dH =
sehp B 2 ]l 2t (3~ Sbsie. 2.8 — 46
nme] {3 Fig 2244 SR 2 18 umsf Aelg
o] F 7 v|&e| (30~100)az i.e. 12~40 nm¥ Fig. 1a%f
Fig. 2al4 575 200 nmel el Gt 2 Folg 2
et o] ArF] 2F doE oy 2dAe ot
27 A9d e gld #A5H 54 =20 A
£.(30~100)a, - (3~5)b, - (3~5)e, 2] ZF2 kA A=)
Eo] MEZ b gE WHE SIREA FAEE
NGm A% F 4 85 AL Xony AR 27
o] 29 (mosaic blocks)e|2hT 22 £ 74 &
Hel, n 5 GEAL M2 o vhrl o8
A e w4y 2eez FHHH] Gk o
o ol AY +3EFH HF = A A o] £9
2 =593 3 449 2AFAEE FAFEt 2=
354k dA A7 o] A 2 2R dRrly
A7 AR JER AgE HE 5T 3l ARE
Y AdE g ¢ glo dhvEid o) wiReE 4
F9 4z QA 5] ol 2 (30~ 100),

[+

v

i

ol

BE

il

B~k (3~5), 2822 F4 B Frye 29
$7] ook

oAl Zp7] 2 F =i gt AlBd| o] (e} {d)
F o= 4] B5Y FAAA M) o T FgEE
& =2 #|®=E Fig 1 44 RaVel 294 23t (c)
of PW mde] gt (d)Z (b)of ¥l=s| & = 002, 004
2 006l T FF =94 9% At Do 2
Table2 o Wmz A= o A7} 2|2 112, 113,114
A G b= Al wige 2% PWEde] o @
et =9 208 A9l 2olA BE OAFHE Fo
(d)2] ] 2= A4 Fh=e(b)e] o At g dAghd
Fig 2¢] 8]A= Table2e] 2AF o A7 =49
FP7 =g vms 2H WS 2 PW RHY
)7 #5H AR (b o 3 dFghd T
A s-4F A FEARe e fiEE A8
old A=lsts] S ¥ 2 RaVel 2434 o
rrwrRddA ] Ay At of 7 ¥E s od
sdet

2. Fgde| d2H oy Hm A

Table 3¢ I, Figs. 1b2} 2b&] DP4] Bragg 33
HEY 7Zk=g H(E)= 85t HrE el o
#23 gh2 DPA (x, )52 dAA=] 9 AR
el B g HEHa vHAee o127
Ak Fhell EFo] Table 32 did At o] 24"
Ae|et Table 3¢ I(PW) & L pavepd] B2 LFd= <]
sl ZE2 o-4 A3 24 PWel RaVel Zhrks] 2

I

BE7] 2AE B R(F2 RV 4t 2 A o150
4 A7tz A4 FEel(Fmw)l?=100 718). B34 e

£ o 24 4G5l AeES A ol F=%
Ag 23] <15 Fet o] 2 Lpw 9 L @avey
A A4F = mal FES H ) H(2)E
Bt AAE Zh= 22 FddM HdAE HF

A g Hr] Al o] BAL
G el O e o s el

(s]: Hirsh et al,, 1977), ¢h.12.3 2=

w4 225 4| A ot sl 28z o] B




8 Korean J. Electron Microscopy Vol 33, No. 4, 2003

Table 3. Comparizon of the observad diffraction intensity with the caleulated diffraction intensity (the kinematical / the dynamical
calculation) for the PW and the Ravel models. The values of Iypyy and Lp.,.p are normalized as the percentage fraction of
| F(200)|? which give the same for the two models, The seale factor of Tob is adjusted as so that T 15, =Elpwn=Zl raven =
#3.3 or 3.2, The R iz a fithass index (see text for definition).

[1-10]; zone axiz (Fig, 1)

[001]; Zone axis (Fig, 2)
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00& 4.4 14712 lsi08 080 03 05/07 38/64
10 4.0 12721 06166 110 1.8 13713 0.4/04
111 4.9 15779 084107 130 13.0 13.0/12.4 2404237
112 25.1 310/28.1 48.0/427 130 8.1 39741 0.1/00
113 18.1 2207183 76193 170 210 2400237 2104210
114 1.3 10/08 260 1.1 220 34 87134 0.1/0.1
220 2.0 31435 027124 240 0.4 06/03 3.0/48
221 3l 077113 n7inl 260 02 04/03 35/38
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