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AVER, G AERGRE AR Zodr thAH, Al 2
YL RN ) FE S S RE N, 705588 A A
H 0.08%~0.25% It] Zr, & Zr i1 H A& 7055 855
B 2, BAr, MEIAAM, 7055
BEESTME Zo T A WA, —FioE U5 450
1 A1 Zr, sPFEZ408a=0.4014 nm, ¢=1.7320 nm;
RO ST SR ALZSY, S S BON o=
0.403 nm. {HZ7ER RATH R 7 FEH HFAAEES =
FREE M AL Ze A o A7 i AH AL ZnZr B A 5 A
A i 45 89(SC,  a=0.403 nm), CHER[16]T1 35 H, 7E
&4 0B Zr TR 1 ZnAl, & 4P AE A B A
Al ZnZr.

ARSI S T s, MR m R A
4> 7055-T7751 TR A JE AR A A7 7E 9 KRB BRI (B8R
OB AR, 28T 1 BT HAAE B X H T S
fiE, S53CHRH A1 Zr FE X BT AT SRR AE RO R AT
bR R e o 1] B8 5 S5 8 ALZnZr AT S R AE 0
AT 16 R, I I X v BRI P R A it SR AT
HARMIRERE 70, W T BT HOAE B4 B A R AT
ARt [RIRE,  ARSC AT 1 AT AR 2
WRE, i T HEEMAITESURE, 9T SC 4
(BT HAH 5 FCC 45 M I 4 a AL Z AT L R R R
NASTH T A 7055-T7751 Fhr A JE AR AT B AHRRAE
SO R & T Z IR HER 2K .

1 LI

S F AT RL A R SRR A 42 7055 T A AR »
kN 6=50 mm. A2ERA IR 1 . Ak 3 il
FENTT751, il & FE F EAFEIE K. Hies)
o #ELS SR TR RIS AN B

=1 705585 SRRy
Table 1

(mass fraction, %)

Chemical compositions of 7055 aluminum alloy

Zn Mg Cu Zr Fe
7.6-8.4 1.8-23  2.0-2.6 0.08-0.25 <0.15
Si Ti Cr Mn Al

<0.1 <0.06 <0.04 <0.05 Bal.

1.1 RN R
B H 21 E ) 75 A D) B 10 mmx10 mmx0.3

mm B RRE, 25 P /KRS AR T A 2 )5
FEON 50 um Ze Ay, SR TG S HLB T R RE 2 3R A
3 mm ELAR/INELFT S 5 SR UM R AR el v 147 i
il #6 BOXH L1 SR Y (O AR it o R LR
L3(ARR L) IR T VAL, LI N-30 °C,
217950 mA.

1.2 MR @A S &

56V 50 mmx20 mmx0.5 mm ) 7055 45 &
G TRV R, SR LR I ot 4 D7 v 2R L 7055
ARSI AR . A R 1:3 IR
TR R, i, HBEZI83.0V, HER KL
Nahe HEZ GBS 2 RIEVLIE, 53]
7055 586 S FF i 1 FRLR R OM R o B R K H K B
Be, MFEYISIE, WEEM RGO -, 6% R TEM
B

2 FHREDH

2.1 #ri4EEY TEM W22

f# F FEI Tecnai G* F20 i% §f HL 1 % 73k 8% W %2
7055-T7751 ToAL AR JZ A T JBEAE &, 3ok F I
U=200 kV, FEBANERY0.02 V/imin. £ & iR
0 4 7055-T7751 Pl bz A JFEAR o OWL 52 3 9 oK RS
IbT HAH, B335 (BF)% 2 3 SAED 25 R & 1(a)
B 1(b) . B 1(b) H (5] B BT 7= AT 5 B8 R 1) i 3
D) & W B 1(c) BT~ » % = i 20 DF % 40 B 1(d)
Fi7 o

FEB 1 (c) O AL B s daRL A, BT HAH AR 3
S, HiAS5EALEHEZER. &5 DF A+
AT A 2 EREEE AR, H s KR T2 36
nm, KZHHTHAHRTERE20 nm i A5, H/r
HAHRSEAE S nm LLR, 76 10 A5 BOR 50 R R
AL s DF B AR A — o HEZI R, X
AIRE S AR E Ko AT, REU A AR R EEAT
AT AL T R 21 7 AR AR

22 thHBEHERES «ADRIEEX R

TR S HUBE T ST AR /- A RRAE, IR
BT ABER 2 I X3, U RE 15 B8 1) HAMIK
Fe % A Bl ([100]. [110]. [111] [112]F1[013])F
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Fig. 1 Precipitates in 7055 aluminum alloy: (a) BF image; (b) SAED; (c) DF image of diffraction spot marked by circle in

Fig. 1(b); (d) Partial enlarged image of Fig. 1(c)

SAED &, HZ5R &2 prs.

i@k SAED #1 DF W Rl =0 R 1 W 52 5 LL A
AT DUR 2 BRIEATT (AR L AT 5 B o5, il 2 IR
Wl o, P 2 BT s 1) 2 5K SAED B A BRI AT H
FRGH AT 5 B 25 b T AV ER , R B IMK IR N d =
0.403 nm. d,=0.285 nm. d,=0.233 nm. d,=0.202
nm. d;=0.180 nm. d=0.165 nm. d=0.143 nm. d=
0.134 nm.  ERFEAT HH A 19 o 1T R) P B A D% Ak 3 550 4%
WL 2 FTR.

SLJ7 fh A I R THI (] BE S8 T HR B2 1A ok

AN
1 RW+k*+I° N
& e e M

XA dNMTIRIEE: o NILJ7 & R ST SES
s (WD) NETHAEEG N=RP+I0+P, FoRs a5
(-F 05 fl e X T SRS f AR, NORBR T 150 23
DASNIEE R HI2 1 AT, BRIEEAT HARE AT 56 BT 25
P& B T7 il RIATSNRE, REESHLAN a=
0.403 nm. ¥ 2 o A s il ) SAED P (1) 45 H0bs
EWE2b). E2(d). K2 F20)FE 2G)FT7m .

B2, E23). E2(c). E2(e). K2(g)f1K
2(i) Tu5K SAED B 7R 1) o A1) 5 BT BRIE i AH 2 5] 1)
B 56 &3 i R (100),//(100),. [001],,//

[001];; (001),//(001), [110],//[110]: (0T1),/A0T1)
[111],/[111]; Q10 /111, [112],//[112]F1(100),//
(100),~ [013],//[013],c UL T] LTS 3] a(Al) 5 ERTE
AT H A 2 1) JHAT 3l 7 SRR AT DG AR

{100} ,,//{100},.001) ,,//{001), ()

2.3 #rHFEA HRTEM W22 K GEit S 4fr
2.3.1 SRR S AT H AR HRTEM W82

Kl 3(a) BT 7 N HEL T T 244K a(AD) B[ 100] 77 7]
NS ERIE AT AR B HRTEM 4%, b AR R ~F 24
21 nm. B 3(a) BRI AT HH A 144 L IR 4 45 2R
B3R, iR, E3b)HLa mERT 1,
Horp— 2 AR a(ADI[100] 77 Fl AT S, 3 —
By 15 BT 5 A BRI AT H AH (199 [100] i 7 il ¥ AT
SF, B4R a(AD) FI[100] & 5 il 5 BR% b7t AH 1)
[100] &7 4h~FAT, Bl 3(b)h FE%ibr & 45 R a1 3(c)
Fir. B3y i thAR 1 SR an B 3(d) . B
H A 5 A a Al 2 18] BT ) 98 5 5(001) /(001
[100],//[100],, MR 55 3(2) From i H AT 83k 55 L
(R ) D6 R — 30

Kl 4(a) Fr 7 8 HL - OV R AR a(AD [ [110] 77 17
NS ER AT AR B HRTEM A%, b AR R ~F 24
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Fig. 2 SAED diagrams and their index calibration: (a), (b) [100],;; (c), (d) [110],;; (e), () [111],;; (g), (h) [112],;; (0), (i)

[013],,
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Table 2

precipitates

Interplanar distance and related data of spherical

DataNo.  d/nm d?/mnm?  d¥d;? {hkl}
1 0.403 6.157 1 {001}

2 0.285 12.311 2 {011}
3 0.233 18.420 3 (111}
4 0202  24.507 4 {002}
5 0.180  30.864 5 {012}
6 0.165 36.731 6 (112}
7 0.143 48.902 8 {022}
8 0.134 55.692 9 {122}

13 nme & 4(a) 1 R 2 D7 HE AL AT HHAE 0 4 L e AR
Hai RuE 4. oM, E4b)hItHE
BTG, Hoh — BN EAE a(A)RI[110] & 4l )
T, 53— N ERSL T G5 AR AT AH BRI [110]
N POATSE,  BIIEAR a AL FI[110] 5 1 i 5 07 Hi AR
FIL110] R A~ AT , 1 4(b) 48 Hokr 5 45 St & 4
©FTR. B 4(d) AT A 4(a)H B L 7 HEFT R AT
A HRTEM A4 ik €15 . B 4(a) T HAH AL ZnZr
5 B AR a(Al) 2 8] 1) B[R] 28 & 4 (100),,/(100),
[110],/[110],, 1EI%FRZ Q)P AT E il & LY
B 26 R — PR

E 3 [100]/7 AL EEERTE AT HAH

2.3.2 SRR S AT AR R AR BT

ik E N AR RO, TEIE S L R
BRIEAT HAHIEAT EDS 204, 45 SRl S Fs. i
STEIEN, ERIEATHA R FER S N AL ZaflZr, =
P& RNSRURI IR SAMTHES TS
F, IE 58 R AT S B 2 PDF(Powder diffraction
file) T I BEAT LU R I, 5 b HY AR ) A 5
PR 52 B A — B AR R —Fh, BT R SZ T &
Z I ALZnZr(PDF: 65-4732), H AMESHN o=
0.403 nm, ZF[AH E bR FF 58 Pm3m, T E# T 5
221,

=3 ERIBAT AR L E

Table 3 Main compositions of spherical precipitates

Element w/% x/%
Al 63.66 84.47
Zn 8.17 4.47
Zr 28.17 11.06

Total 100.00 100.00

2.3.3  TYOUAE S T HART HRTEM W52

ERIEHT A AT S RRAETE SCRR P 2 A 3R A, B
ARG SRR S LS AR SO i — 3, (R
PR AT AR Ak 22 R A AL Zre. TRIRE T 23 T 2 4

Fig. 3 Precipitates observed along [100] direction: (a) HRTEM image; (b) FFT of Fig. 3(a); (¢) Indexing of Fig. 3(b);

(d) Filter image of Fig. 3(a)
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Fig. 4 Precipitates observed along [110] direction: (a) HRTEM image; (b) FFT of Fig. 4(a); (c¢) Indexing of Fig. 4(b);

(d) Filter image of Fig. 4(b)
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Energy/keV

E5  BRIGHT i AH B % L EDS B il GHIRAE i)
Fig. 5 Morphology (a) and EDS spectrum (b) of spherical

precipitates (thin foil specimen)

HAR JE BRI ZH 2R sema i8R, St — A e A i AR
TS HEENRSY, R BRI %6 & T
Al7055 GaMRERU AR, 4 0 % BU% S BB
WOMFE S BT T WEZE R & 6 sk T HiAH. &
6(a) T 7 2y HL - SR AT HE AH B 013] 07 1) N 35T B 1)
HRTEM &, At HAHR 2916 nm. & 6(a) 11 E3KTE
AT B AH B B AR e s AN 6(b) T n . TR
B, B 6(b) T FIBE AURFIERF & BRIE ATt AR[013] 4y
HPATH ISR, feEbr e S5 R B 6(c) s, #r
HAE I S B 6(d) T -
2.3.4 GRS AT AR R R A BT

B 7(a) Bt 7~ BRTE A A 5 B 6(a) M A — ROk,
TEIFE S i BE XS EERTEAT HAHIEAT EDS 2081, 4551
mE I iR, SEETRNEENRIFR.
EDS it F R N AL Zn. Zr M1Cu, 454 i
FE it A e 2T H AR (9 RESE JEAT 00T, T AT Cu ot &R
kEFHIM, ik, BERIEHT A RSN AL
Zn Al Zro WL, ERTEAT HHAH I AR LS MR 2 2R
M5 AL ZnZr —E.
23.5 ALZnZr I

& 8 Ff 7 N VE[100]. [110]A1[013] =AMk T %k
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Fig. 6 Spherical precipitates on micro-grating: (a) HRTEM image observed along [013] direction; (b) FFT of Fig. 6(a);

(c) Indexing of Fig. 6(b); (d) Filter image of Fig. 6(a)

(b)
Al
Cu 7r
Zn Cu
V4
X }L:Zn %\r Zr
0 > 10 15 20
Energy/keV
7 BRIEHTHARES K EDS B8 % (ZE B0 2R ¥ 57 9 4l
HHaAFE)

Fig. 7 Morphology (a) and EDS spectrum (b) of spherical

precipitates (extractive powder on micro-grating of copper)

T4 BROIBATHARR EE

Table 4 Main compositions of spherical precipitates

Element wl% x/% w/% x/%
Al 34.03 59.54 42.5 70.47
Cu 19.94 14.92 - -
Zn 5.65 4.11 6.86 4.69
Zr 40.38 21.04 50.64 24.84

Total 100.00 100.00 100.00 100.00

i iy R S I AL ZnZr i PR H5E 5 7 2 ) B LSkt
(19 DRG0 W 5% 75 B BT H AR 1) = 2 PRt MR . B8
(b)~  FE 8(d)FH & 8(f)H J7 A Ffr 7w X 3k SR - 24 & 43 )
HE 8(a). K 8(c)FIE 8(e)H I3 i Bl — — X
Moo "] PLEH, HrHEAHTE[100]. [110]F1[013] =/
A8 E07 17 b1 5 HEF 5 187 557 )5 25 4 AL ZnZx
B EIEAR B, diE i AEREE 24 & SAED 4>
Mg B, nrLLH E B HOAE O TR RS 4 R )
ALZnZr.

2.4 ALZnZr B9 BE
ALZnZr & B 5E1E 35 5 R b B 2 v T H )
TERaAR, EAT HAH 2 BRI (SR FiR) S 2 k4%
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E8 Al ZnZr & HIAE[100]-[1101F1[013] = AMEFE it i il 77 1] PRI B85 7 2 T Bonod L [ v 2 et 845
Fig. 8 Projection diagrams of cells and filter images of HRTEM images of Al,ZnZr observed along three low index band

axis directions of [100], [110] and [013]

M AH ALZnZr 534K a(Al) (F 455 B LA ERIE /)N
SRR A HON 0=0.4049 nm) S ST T 45K, HL
REESHEER R, ARG mEdiEd, S
) AL ZnZe FORL AT LME NTE AL B, 1R B
e, 04 A KL ) A S AR . A A
ALZnZr )R/ RSP A SH e T ZE R
FHRE,

FAR T AR R 22 2] DURTAT A 0% Rk
FRAERT AT A R R R B AL AR R AT AR
. R A TEM 40531 H 0 s 3 48 23 A it A
OB B2, BT H A R B 2RI 5O -
py=N/V;=N/(a;xb;xt;) 3)
e py JINTHABIRCE . NGS5 BT

K VOB NAREE R an b RIS
SNSRI B B R R TSR i (1 S
2.4.1 CBED J7 V20 5 v EAE 1) Jo) 30 )5 5

BT e AT H A ALZnZr B BE, B
2 5 BN 7 W52 DX T FEEARE i R SRR o T DLIE FH AN
SE PR /N 22 TR L T AT 5 (CBED) J7 25 58 T4 &
NI N

FAR a(AD)FI[110]77 7] SAED &5 1 4 i 9(a) Fir
N, HAREbR e i E 2R, B 9(a)H F BB s
TS BE N IR a( AN FR1(022) & T FOAT 4, T () 2
d,=0.1432 nmo XA LKA H, FAK a(Al) 1)
(022) & I 1 2 58 A HL 117 59 Kossel-M llenstedt(K-
M)TEREUNE 9(b) i, BB St 4 S5 AT S i 0o i
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Fig. 9 Measurement of local thickness of thin foil speciment by CBED method: (a) SAED; (b) K-M diffraction pattern of

(022) crystal plane of a(Al); (c) Intensity distribution of Fig. 3(a)

27 1) (R FE S A A B 9 ()T

& 9(c)ids 5 4 0 5 (022) T 56T 4 00 22 [ F) B
BN 20,05 NATRIIEAT), 5B i ARG 2R S0 B A0
BN AO. THEAG,. AG,. AO;-[IME, 45RnE
5.

™S K-MACFE R E 2
Table 5 Measurement data of K-M pattern

Data 26,/ A6/ A6/ A8/ A6/ A6

No. nm™ nm™ nm™ nm™ nm™ nm™

1 6.925 0.361 0.848 1.389 1.876 2.417
2 6.926 0.343 0.866 1.407 1.894 2417
Mean 6.926 0.352 0.857 1.398 1.885 2.417

FERUAUTACA AT & THT (kD) 1T 555 45 A 1R 8 B2
7Fﬁ[h/d?"jm]’

(4)

vV 1+(s&,, ) )

I,= ! sin?| ¢
" 1 +(5C, )y S

Ref s )RS RIS e dt s &, MRk AT ST

WHECEEE ;O RRAFE R AT AN ER

SRS LRI -

FREalA R
Horrs
5, =(A0.20)-(Md}, (6)
s i Mn N IEEE s (kD fT 5 BN 5 i A5
FERIME AR R B R s &, A (Al THD P ¥ D
By NN TIEK . 2y=(s/n)s =1/,
x=(1/n)* b=1/¢, WXG)TLARERN: y=kxtbo 4
R 5 BN (4)~(6), Hda k725 ]
K10 from . sk B da R i/ —aRikia, Wa
JE BTN y=(-3.1362x+6.9344)x10™° nm 2,
AR A RN 7 R AR R R R N =
120.1 nm.
242 HUERE

Bl 1) s8R SR8y N=89, W
WG WK a=1.799 um. & E b=1.199 um, H5i%
GO0 NV AR S JE N 1=120.1 nm. #4LL B3
FANRKQG), KA A ALZoZr B 8U% N
py,=3.44x10" mm~,
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Fig. 10 (s/n)*—(1/n,)* curve

3 Zig

1) 7055-T7751 554 4 P bz Ad JE AR H A7 7E oK
R R A ALZnZr, SBRIEEE AR, R %
BAE20 nm o4, A /0 E 30 nm PL BRI
BT A ALZnZr J 5 2 B 29 0T 0L ) i s A A
ALZnZr. H1HAETE SN FEXT 5 046, Tl R &
FREDG: P a5 &S AER, &3 T
YL S IIVER -

2) B i AH AL ZnZr B S5 84 R T BT 5 450, R
M 20N a=0.403 nm.

3) #r H A ALZnZr 5 FCC 45 #4) (1) a(Al) 22 [ 5
MR HR, WEZ MWK RN {100}, /
{100} 5, 70z €001) 5 //C001) 5, 77

4) 7055-T7751 %2 & 4 Pl h A J= B A A A
ALZnZr U 09 3.44%10" mm™,
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Microstructure and precipitation characteristics of
nano-scale ALLZnZr in 7055 aluminum alloy

LOU Yan-zhi, LI Chun-zhi

(Department of Steel and Rare-Noble Metals, AECC Beijing Institute of Aeronautical Materials,
Beijing 100095, China)

Abstract: In this paper, a kind of nano-scale precipitate in 7055-T7751 aluminum alloy was studied by TEM.
Bright field images and HRTEM images were observed in order to determine the morphology and distribution
characteristics. SAED and EDS analysis were performed to characterize the composition and structure. In addition,
by analyzing the SAED patterns of five low-index zone axes of a(Al) (including [100], [110], [111], [112] and
[013]), the orientation relationship between the precipitates and the matrix was determined. Finally, the local
thickness of the aluminum alloy specimen was measured by CBED, and the number density of this precipitate was
further determined. The results show that there are nano-scale Al,ZnZr precipitates in 7055-T7751 pre-stretched
thick plate. The precipitates are spherical or dics-shaped, and most of them are about 20 nm in size. The structure
of Al,ZnZr precipitates is simple cubic (SC) with lattice parameter a=0.403 nm. The number density of Al,ZnZr
precipitates in 7055-T7751 aluminum alloy is about 3.44x10"" mm™. Moreover, there is a coherent relationship
between Al,ZnZr with simple cubic (SC) structure and a(Al) with face centered cubic (FCC) structure, and the
orientation relationship between them is {100} ,,//{100} | 7,,,, (001),//<001) , ;...

Key words: 7055 aluminum alloy; Al,ZnZr; precipitate; orientation relationship; convergent beam electron

diffraction(CBED); thin foil thickness; number density
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