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Table 1 Chemical composition of 7055 aluminum alloy
by spray forming (/%)
Zn Mg Cu Zr Si Fe Mn Ti Al
84 1.8 2.6 0.1 <0.1 <0.15 <0.05 <0.06 Bal.

Bl 1w 7055 #R4 & 1 BA g
Fig.1 OM (a) and SEM-BSE (b) images of as-sprayed 7055

aluminum alloy
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Table 2 EDS analysis of primary phases in Fig.1b

Content/at%
No. omtentrat’ Potential phase Zn/Cu Zn/Mg

Al Zn Mg Cu

1 761 99 98 4.2 AlZnMgCu 2.4 1.0
2 8.9 63 48 2.0 AlZnMgCu 3.1 1.3
3920 40 27 13 AlZnMgCu 3.1 1.5
4 63.8 14.7 14.7 6.8 AlZnMgCu 2.2 1.0
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Bl 2 w4 7055 894 4K XRD B3

Fig.2 XRD pattern of as-sprayed 7055 aluminum alloy
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Fig.3 SEM images of the alloy after single stage pre-heat treatment: (a) 300 ‘C/12 h, (b) 300 ‘C/24 h, (c) 400 ‘C/12 h, (d) 400 °C/24 h,
(e) 450 ‘C/12 h, (f) 450 °C/24 h, (g) 470 “C/12 h, and (h) 470 ‘C/24 h
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Mag= 3.00KX WD= 84mm EHT=10.00kV  Signal A=AsB

Mag= B00KX WD= 86mm EHT=10.00kV  Signal A= AsB

Mag= 800KX WD= 83mm EHT=10.00kV  Signal A=AsB

Kl 4 g i ab B S 58 —AHESR
Fig.4 Morphologies of the second phases after single stage pre-heat treatment: (a) 300 ‘C/12 h, (b) 400 ‘C/12 h, (c) 450 ‘C/24 h,

and (d) 470 ‘C/24 h
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Table 3 EDS analysis of the residual primary phase in
Fig.4
Content/at% Potential

No. Zn/Cu Zn/Mg
Al Zn Mg Cu Fe phase

1 404 0.10 34.7 248 - AlZnMgCu 0.004 0.003
2 240 0.15 525 234 - AlZnMgCu 0.006 0.003
3 471 - 257 272 - Al,CuMg 0 0
4 46.0 - 249 292 - Al,CuMg 0 0
5 673 - 1.0 224 9.2 Al;,CuFe 0 0

BRI, &4 SRS A LUK IR BL a- ALAH AT Mg(Zn, Cu,
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Fig.5 XRD patterns of alloy after single stage pre-heat

treatment
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K6 PRIt )5 &4 TEM 8 v

Fig.6 TEM images of the alloy after single stage pre-heat treatment: (a) 450 ‘C/24 h and (b) 470 ‘C/24 h
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Table 4 EDS analysis of the second phase after single-stage

pre-heat treatment in Fig.6

Content/at% .
No. Potential phase Zn/Cu Zn/Mg
Al Zn Mg Cu
1 844 89 49 19 AlZnMgCu 4.6 1.8
2 8.2 78 51 19 AlZnMgCu 4.2 1.5
3 523 245 157 7.6 AlZnMgCu 32 1.6
4 144 428 29.8 13.1 AlZnMgCu 33 1.4
5 16.0 399 34.0 99 AlZnMgCu 4.0 1.2

Mag= 10.00KX WD= 7.6 mm EHT=10.00kV  Signal A= AsB

K 7

Mag= 500KX WD=10.0mm

HEAHTE R R, A R EI A /N fUIRAH s dh EAR B D
PR AT TR A s 2456 2 2Rl 520 450 °C
INf, b IO W 8 3 AT R R SR A, T U A
SN AT BEAr B SR —AH, G 76 3 R 4 Ak

m L& 7b, 7d, 7D EDS 43 b g R 5.
iR UK ERE R R 400 "C/12 h+450 ‘C/12 h
i, f LKA A S AH(ALCuMg), HIS K (A ERCIR S
A Fp B A AR AE (R TE AlZnMgCu #12EAH, 22 H: Zn

EHT=10.00kV  Signal A= AsB Mag= 10.00KX WD= 9.5mm EHT=10.00kV  Signal A= AsB

MRS IR A2 SEM [ A7

Fig.7 SEM images of alloy after two-stage pre-heat treatment: (a, b) 300 ‘C/12 h+470 ‘C/12 h, (c, d) 400 ‘C/12 h+470 ‘C/12 h,

and (e, f) 400 C/12 h+450 ‘C/12h
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Table 5 EDS analysis of the second phase after two-stage
pre-heat treatment in Fig.7
Content/at%

No. Potential phase Zn/Cu Zn/Mg
Al Zn Mg Cu Fe

1 659 - - 253 88 Al;CuyFe 0 0

2 668 - - 237 9.6 Al;CuyFe 0 0

3 48.0 - 24.7 27.30 AlL,CuMg 0 0

4 334 0.1 39.6 2691 AlZnMgCu  0.003  0.002

TCEGRMAG, RZAIEE S AHEA . WAHILAE
IULZURAAE 78 70 UL W] T ESE 2 3RS 450 C
B, A AR AR S AH . M 2 RN
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MR LL a-Al FIFT MgZn, M4 ¥ . 54 450 C
A FRAE S AL, MEE 2 QiR E R 450 CHF, B
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AR EE, BEFAEAS [ R S S AR A AR . 4
HARH]: 380 CHI /=A< K&E SAH, 1M 470 C FILERH
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a oAl
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=
8
2
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Kl 8 W AL B 5 4 42 1) XRD K%

Fig.8 XRD patterns of alloy after two-stage pre-heattreatment

Al;CusFe

500 nm

K9 R AE TG & 4 TEM R
Fig.9 TEM images of the sample after two-stage pre-heat treatment: (a) 300 ‘C/12 h+470 ‘C/12 h, (b) 400 C/12 h+470 ‘C/12h,

and (c) 400 ‘C/12 h+450 C/12h
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Zn JCEY WA B AU, 380 CHE, Cu.
Mg fil Zn JCE NP R L2 Lol 1:4:6.7, 11 470 C4&
fFR, Cus Mg M Zn JTERIIT BRI LA 1:2.6:4.9.
KU Zn JCR Y BRI R, IR R
Zn JSTEPRENFIAEAMPY HH L, 8 FEER&M0
Mg fl Cu, M AlL,CuMg M. BEEILE KT E, Zn
JCE M BOH PR3 B, A4 A AR B4 [ 1 A 23
BHA N S AH.

XTI OE 7055 4544, Zn JCERAEAHAR R
HARAR I T EE A G . T Cu M Mg i,
Zn J3 PP BOREUCE By, EAER[R A B R,
JCE I BT IR S AFAE 2 5 o RIS B 7055
AV EMMBE AL RT3 L 3 g
(1) AP AR, WAEF A 300 1 400
C, FICERMT HABIB N ¥ 8T WIATHEAR
Iy, BT REMWIEM . EIE Zn J5 X Cu Al
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FHE) Zn &8 KRR F(Zn/Cu< 0.01), 4 HBE5] S
A, WK 4a, 4b FIFR 3 FroR; (2) SR B E RN,
WATIF ) 450 °C, Zn Ji A HAb S SR
PR AE L, A A R A A e 3 S AR A
AR, HJE &S S MIAE AlZnMgCu AH K
HIEAE NG Zn (19 S AH, Wik 3e. 3F Al 4c fin; (3) 4
AL ARSI, AT 470 C, BE 4
TCE MY BRI S, Zn JR TR HoAb G S e
PHALA T Bk, SANAHPE R R, HAAR
I Zn, Mg FI Cu JRU7JL A [ N JE4A, 85 T K
WS AL,

3.2 TATERHNBITA
i TEM [ W EEn] 4, £E&i450 F1 470 C)

Mg(Zn, Cu, Al); —>»

8
‘..

WERNE, AR AR ST KRN RS A, X
2 T SRS I R s AR, ARz 1R vA E I R
RAEDOENTH TS, FEIRHML, TAPHNE =
AAEAE RO A 28K 2 Fhal KAl Wil 6 #1189 B
N o X R RST I GHK B8 — AR BE 1 20 By o] A0 3L Zn/Mg>1,
DAL S T AT 7 1228 58 A AN 2 AR A R R i 4

K 10 Fizs k300 °C/12 h+470 “C/12 h Fiid ik ¥
S A A SR AR TEM B R S 38 X L T RT3 e F
18 10a mJ 0. e S B R BT (A RSF 2928 40 nm,
T 2D HOR RS 99 K AR Sl ) B 3 500 nme H g 15 43
WA 50, KK 9 K AR J AR RSFOR I AL Ze R
HH KA S ALZe RiF 34, & IX AT S e
(Kl 10b) 3G 2 R WIFE S P A ALZe Rif . SCHR[21]
BEXE—ME Zn 1) 7xxx R BOB 8 G @7 T B
(485 °C/2 h, KA N LTI #(120 ‘C/24 h) Ab3IFik
TS, 45 BRIV FER P AAAE 2 PR 28 AL
AlLZr SR, Horh—FP 5 Mg(Zn, Cu, Al), FHfEAE, B
L ALZr A B, PL Mg(Zn, Cu, Al), #149 FE H
K “H%-587 (core-shell) 45 i) o AHIF 5T 7E AL FE 5
KA T AR 2 =, R “#-7” g57ER
HOE R R R A KK T CAHERT, SV R B K
(1) 2D BORH R Al K AT ARt T340 KRS ALZre K1
Bt 5 800 5 O A%t 43 211 22

B 11 S AR S 56 43 T P 22 I IR 5 1 7055 45
B G E A A Ak BEE S R A R R . 470
CAULHR 5 1) A S A U B D3 S A, fE R i
HOFE AT H ) A1ZnMgCu AH R L [R] i FE A i AN 4 06t
[E] v AR B B . 28 BTIR, Bg 470 C ORI B
52 R IE N 470 C IR T AR T W AL BE 2 HOdE
5% 55 B IE 7055 48 A

-9

Al3Zr

. 10 1/nm g

K10 300 ‘C/12h+470 "C/12 h F b B )5 F: i ) TEM 220 J2 SAED fE4f
Fig.10 TEM image (a) and SAED pattern (b) of the alloy after 300 ‘C/12 h-+470 °C/12 h two-stage pre-heat treatment
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#a Coarsened precipitates formed through he-
Primary phase on terogenous nucleation of Al;Zr particles
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N\, Primary phase in < Al,CuMg phase (S phase)
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_~ Primary phase containing Fe +. Fine precipitates Mg(Zn, Cu, Al),
11 WU OB 7055 456 S0 A A A R & 8
Fig.11 Schematic diagram of primary phase evolution of as-sprayed 7055 aluminium alloy
Compounds[J], 2019, 781: 945
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1) WP A 7055 A& &M AEMEEN
AlZnMgCu M, iZAMHEAH MgZny M ARSI
WA AR A0 /N FLSR 0 i, /D5 Fe A0SR 8 A014E
A, SAH L Zne Mg F1 Cu eESE &S TN
o HIZERE Zn/Cu(JR 72> B bb)>1.

2) AR RARIR A (<400 C) TR, #)4
FHMIE D>, 0 Zn TCEGRUE TR, KRR S
753 AL CuMg AH(S AH) H I o 7 Hh il 8 2 A Ak 2450
CHIF, Zn JCHEMY BBE IR0, KK & S A AR
HIHA N AL,CuMg AH(S #H). 7E @il AL BE (470 C)
I, Zn RN EUEA N, WAAR B R AL,
BT AL CuMg FH(S AR = H I XU T b B
Tk ) A A ) AR A R T 5 2 A BRI S

3) i TAAE I S, A RS AR 2 AN TR R
~HI Mg(Zn, Cu, Aly, JUUENT AR, 3L 500 nm 76 45 1)
BT AR LA ALZe K1 %0 5 OB A% 7 R 1
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Evolution Behavior of Primary Phase During Pre-heat Treatment Before Deformation
for Spray Formed 7055 Aluminum Alloy

Feng Di'~, Han Zhongjie', Li Jichen', Zhang Hao?, Xia Weisheng®, Fan Xi?, Tang Zhihao®
(1. Jiangsu University of Science and Technology, Zhenjiang 212003, China)
(2. Jiangsu Haoran Spray Forming Alloy Co., Ltd, Zhenjiang 212003, China)
(3. Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Evolution of the primary phase of spray formed 7055 aluminum alloy during pre-heat treatment before deformation was studied
by OM, SEM, TEM and XRD test. The results show that the primary phases of as-sprayed 7055 alloy are AlZnMgCu phase and Al;Cu,Fe
phase. The AlZnMgCu phase is fine in the grain while coarsened on the grain boundary. The grain boundary phase is formed as a
symbiotic microstructure including A1ZnMgCu and Al;Cu,Fe phase. When the treatment temperature is <400 °C, the dissolution of
primary phase is less due to the low diffusion coefficient. However, the Zn content has an apparent decline in both intragranular phase and
grain boundary phase. When the temperature increases to 450 °C, the fine primary phase is completely dissolved, while the coarsened
phases on grain boundary transform to an ellipsoid-like Al,CuMg phase. When treated at 470 °C, inner phase has the same dissolving
behavior but the transformation of grain boundary phase to Al,CuMg is avoided. The comparison between the single stage and two stage
pre-heat treatments indicates that the evolution of primary phase depends on the second pre-heat treatment temperature.

Key words: spray forming; 7055 aluminum alloy; pre-heat treatment before deformation; Al;Zr dispersoids; Al,CuMg phase
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