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ABSTRACT

The strain fields due to precipitates, especially S-phase (Al,CuMg) particles in Al-2.5Cu-1.5Mg wt.% alloy
were first investigated with Large Angle Convergent Beam Electron Diffraction (LACBED) method. The work
involves LACBED pattern simulations to estimate possibly the strength of the strain fields. To do this the
morphology of S-particle was optimized as a cylindrical shape with a, axis, and the displacement vector of
strain fields was assumed to be perpendicular to a, axis. With this simple model the reasonable fittings between
the observed patterns of the strain fields and simulations were obtained. And in the early aging stage of the
alloy the significant strain fields were not observed. As a result of this study it is expected that the strain fields
due to S-phase precipitates in the stage with maximum hardness would make a complex networks to possibly

contribute to hardiness of the alloy.
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Table 1. The lattice misfits of S-phase precipitate in Al-matrix

The unit cell parameters of S-phase (unit: nm)

The corresponding

Index of lattice misfit (%)

PW RaVel lattice d-spacing of Al

a, 0.400 0.403£0.001 de 1005 =20 810015 (85— ag)/ag X 100
=—(0.5~1.2)%

b, 0.923 0.930£0.013 5d-garsa= 52, Bioto= (bs— /5a0)/ /5, 100
=+Q27~19%

, 0.714 0.708+0.010 4d < r0s A =4 V52, Bio015= (8,4 /5a0)/ (4/+/5a) x 100
=—(1.5~2.3)%

Volume 0.992 (4a,%) 0.999 (4a,%) 43y Sy, = (V,—4ay’)/day® X 100
V,=abe,  (a,=0.405) =—(0.1~0.8)%

* PW: Perlitz and Westgren (1943). Ravel: Radmilovic et al. (1999)
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<"t BEC &l #4-¢ LACBED &l ¥4 s} o

Fig. 1. (a) The bright field image showing a bend extinction contours near orientation of [001],, of the A-specimen. g,=020,, and
8,=200,;. The arrow d-direction indicates a dislocation line intersecting with a 2-20 extinction contour. (b) The LACBED
pattern with orientation of [001],,. g,=020,, and g,=200,,. For the significance and details of this pattern, see text. (c) The
diffraction pattern of (a).
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020

Fig. 2. (a) The bright field image showing numerous S-phase precipitates in the C-specimen, and (b) the diffraction pattern. The
subscript s means diffraction spots from S-phase precipitates. (c) The enlarged image of the dotted region of (a). g=020,,

and g,=200,,.

Rlg fabebet g o) Aeks 248 9 o
K8 o] 2% AlEHelMe] Hesl) o] 43 A
of ez ¢ e =iz S-gRE 4% =
Fo= (Fig. 2c F=) /MY WAl gt A=
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S-417k8] [100%0] [010], WEFE 7Hd W 8w o
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Fig. 3. (a) The LACBED pattern taken near a S-phase particle in the region of Fig. 2c. (b) The corresponding simulation pattern.
The s dot line indicates the axis of a cylindrical S-phase particle having [100], direction. The central beam direction is [14-
6145, the tie point K,=[211]4+0.1[-10 13 7], the convergent angle is 1.027°, the specimen height from the convergent
beam point is 0.9 um, and the specimen thickness is 100 nm. (c) The simulated BF-LACBED pattern with no strain fields in
Al-matrix. The diffraction lines from Al-matrix are, in numeric order, -4-2-2, 4-4-2, 5-3-1, -642, -731, 0-6-4, -26,4, -353,
533.

29 SehiE gol ol W BF AW ol Y 3 WYl gt A9 Aol
A3k t=100nm, r;=8 nm, £=0.02. S-¢JA+9] [100], Fig. 4a%= = Y& [-19-4],-zoneF¢] LACBED #
e ARO) [14-6lyroneds} oF 579 2& A ALoln o)k Hrow = Agold A b
o A& 248 938 ¢l=} Fig. 3¢¢] BF-LACBED o= t=115nm, r;=8nme] Fo] FHI S-Y=A}] [100],
A2 3 Ao $A A%E wlwsly) $18] e=00  wER [0101,,9F HaAsHA A Qlok o] gk A]
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C

d

Fig. 4. (a) The another LACBED pattern in the region of Fig. 2c. (b) The simulation pattern with a strain parameter £=0.02sin (rz/t)
(for details, see text). (c) The same BF patitern as (b) but with £€=0.02. In the simulations the central beam direction is [-19-
4], the tie point K,=—0.45[511]4,4+0.01[-13 19 461,,, the convergent angle is 0.9°, the specimen height from the
convergent beam point is 0.9 wm, and the specimen thickness is 115 nm. (d) The simulated BF-LACBED pattern with no
strain fields in Al-matrix. The diffraction lines from Al-matrix are, in numeric order, 511, 224, 3-1-3, -3-3-5, -602, -426, 3-3-

7, 137, 80-2.
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©] X}els} et Fig. 3bolA = £=0.02sin (nz/t) & Qo]
A 3ted Hokort HEle ow) gl WilE Fx
WSt I olf o] A% S-A) A8 2w ¢
THEE AAH(F 23°)F o]FH FAIR) A gled
Az 21 adrt AdAez FHA Jehr) gie
2 Alzgd. ,

Eo=2 A& A ¢ Bel| 93t LACBED ##x 43
ot ol HA”e: v] gl 34 A9 BAs
o] AZHR Yske}. F e=0.0¢] HF=HE AE Fig.
3ct} Fig. 4d¢} ze] B4t gl A A=isqt b4
9t} 128)3 o] AsE= Fig. 1a2] BEC =l 24
=48 gy a2 LACBED ¥y A9
W37 (long range strain fields)ol] hsjrqt Uukxlo
2 #F /P53 7Y 1Esld o] dak= A B A
Bl A9 WA dA=lo] #2ER] dgke= A
+ 3] 2u]gid).

nE Y HE

WHEzke] #Ad ) Axg zte C-Alse g
Y A AAF oz BE S-3iAle) 93 Wy
©] LACBED 3 dj&ls} A& o|A HelE Ale]d|
Q[ oz HAH FAHAME & gegy B S5
WA B HAHA Ak AAEE okAb-e 2k uhA] okeg
E 4 Aotk o] Ael9 gl Flrdx S-¢zl)
715 2d3) ol w2t Wy seluly 3 A
4 F2 2 Sin §5E ¥917) WReld AAd=e
S-dAt] el bes} o Wkl e} kst HER
2t 93 ol WiEkel wkel Az} B-Yx] 2|4 87} b,
Wkt ¢ Wkl W8] 2371 wpRE Aolr} gt
(Table 1). IH B2 e Ao 2= E33 F4d
o] A= T2 AAdAom od He nE
A Al g oA drle A QiAo slss)
A det. 23l = B731aL o] APATe] 2Jshd o
Aoz S-4AE] a8 Wk ([1001)9) A ¥
FAE THE A AAE 93, 2 ¥ A 16
nm®] S-YA 7)o & 30mm A=E HelFEw
At o] 79 W geie|E] £=0.02 3o 2 S-
Ut medell M Al-mAle] 2g3= H (stress) 6&

AAkst W 20MPa A =7} v

AgH ez B AJAN] F= Yug FgsE,
Hd A=F 2 Al-Cu-Mg §39lE S-YAe 9%
T E /AL vad e UER BEEHe 9le
u2g ol U AlLmAZ HA BdA )
TEo] A w49 Ax WY WYE 1B (net-
work) ®of2] Bxhsl Hgge e o] <AHHh
o] 52 A=z Aszrg-g dlu ¢ A% (dislocations)
olv} A A (point defects)H = AFz2ME & 7o]7]
ol FF Amel ZA 7o & Aoz Algdd.
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