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Effect of step-homogenization on microstructures and
mechanical properties of 7055 aluminum alloy
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Abstract: The effects of step-homogenization on the microstructures, dendritic segregation, precipitation of Al;Zr
particles and ultimate mechanical properties of aluminum alloy 7055 were studied by differential scanning calorimetry,
X-ray diffractometry, optical microscopy, scanning electron microscopy, transmission electron microscopy and tensile test.
The result show that the step-homogenization treatment, which comprises of the isothermal heating of the ingots at 468
‘C for 24 h, then heating to 473 ‘C for 4 h, greatly eliminates the nonequilibrium solidified eutectic which exists on the
grain boundaries. The previous heating at 264 ‘C is most favorable for the precipitation of fine and uniformly distributed
Al3Zr particles. The additional short-term and high temperature heating at 473 °C on the basis of single-stage
homogenization maximizes the solution ability of solid solute in the matrix, enhances the ageing strengthening effect and
improves the comprehensive properties of the alloy.
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Table 1 Composition of 7055 aluminium alloy (mass fraction,
o)

Zn Mg Cu Zr Fe Si Al

8 2 2.4 0.12 <0.15 <01 Bal

F2 7055 I BEEELN I S

Table 2 Parameters of 7055 aluminium alloy ingots after

homogenization
Homogenization .. .
Homogenization condition
treatment

H1 468 °C, 24 h

H2 468 C,24h+473 'C,4h

H3 264 ‘C,4h+468 C,24h

H4 408°C,4h +468 °C,24h

2 FHRE55

2.1 75 DSC 9#h

HMTE 7055 F54 S8 EE TR s AR T Al st [ St
in ZH 2R AT S A T o e 2 S A, B 7055 4a
Ppefi DSC 7r#r, HA R 1 s, HIE 1A,
7055 fa5 e EE T I ANEAIE, 477 CIE IR
BH G B B T A RS TP A ot ] 3 ot 21 23 1%
TR FESE AL, TS SR RS (R A e Ry 7055 B0 X EE I
5 oo 2 AR mot T A g o] e T 2 0 A 1 R
PAS R I3, ORI SR N 468 'Co BT
7055 Fi G S ARSI B ST g A, H
AT g A FEARARSCAK, p AR S A AR e 0
Hfg, XAR TSR ALZe KL TEAZHT H
7E S S A A R, ST AR S AR NI
A, BART TS p AHPEER R, BRI ALZr R
T ICAL I REAH SR gD, AR 145 214l /N kL
) AlsZr Fi 1 o Bl B HY AL Zr 76 iR KO T G,
M R EAE 227~667 “C 210, 7£ 400 CLRIRIE 1)
B ()5 )T T B4 /N SR Al Ze R F A% O o AR SCHE
FAE 468 C ISR BRI 264 “C Hil
I 408 C. 473 CHILRIRET B, HIE T Wik 2 Fraiin)
B 5 Al ke LA DR AT = R R AL Ze R 1
T AT I . T ALZe RiFEX Ak e
SNTHA SRR, I IE S BB E E AHT AS [
SIS R AlsZe SRECHH ISR 23 A



2156

PEA SRR 201248 H

g = g
= n =
: T

Heat flow/(W-g™")
S
(9,

632 °C—

-1.0

Temperature/'C

0 100 200 300 400 500 600 700

Bl 1 7055 84 & EE 10K DSC thgk

Fig. 1 DSC curve of 7055 aluminium alloy ingot after

homogenization
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Fig. 2 Microstructures of 7055 aluminium alloy under different homogenization conditions: (a) As-cast 7055; (b) As-cast 7055,

SEM,; (c) H1; (d) H2; (e) H3; (f) H4



5522 %5 8

TKRBTH, A5 SIS 7055 B SV A TERE I

2157

ASES> T o

2.3 HE1LE XRD 2R

Bl 3 ik G SIS XRD . 45
REW, A URBEEE N AR n AHCE 2 58T
ZE oK p AR R 60%, FERSED); 4 HI B
SR, n ARATIIE SRR I, RAAEEBE T R
FALEN n M O R E N TEAR, F 0091 S(ALCuMg)
TS H3 WP LT D& S(ALCuMg)AH Al
n(MgZn) AT 4 He B5)M0)E, S(ALCuMg)
IR n(MgZno)MIRTSHIER HI O BAREEE: H3 HIf%
590 LIRS, S AHFN n A5 E RSN
FAR U H3. H4. HI.

e— Al
+— MgZn,
2— Al,CuMg

A * AJ
NWA,
A 2 i

A
)

&
A
jj:::/! : l~ A
10 20 30 40 50 60 70 80

26/(°)

B3 7055 M e A K XRD 1
Fig. 3 XRD patterns of aluminium alloy 7055 before and
after homogenization: (a) As-cast 7055; (b) H1; (c) H3; (d) H4
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Fig. 4 SEM images of 7055 aluminium alloy after
homogenization: (a) H1; (b), (c)H2
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Table 3 EDS analysis of typical phases in Fig.4

Mole fraction/%
Phase
Al Zn Mg Cu Fe
Al,CuyFe 75.01 - - 18.15 6.84
Al,CuMg 52.35 - 2197  25.68 -
AlZnMgCu  56.85 15.02 16.72 11.41 -

TEM BT 400h, A3 HwlE 6 fk 4 i) AlLZr ki
FHIRNRHR B e v 85 5K 36 4 Th i) fir JEAN TR
A E AT ALZe R f 1A BORE- b 1244
MILLME. B 5 F16 iTLUE H, ANFISIMHEIET,
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Fig. 5 TEM images of Al;Zr particles under different homogenization conditions: (a) H1; (b) H2; (c) H3; (d) H4
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Table 4 Statistic distribution of Al;Zr particles under different

homogenization conditions

Homogenization Mean radius/  Area fraction/ fr)/
treatment nm % pm73

H1 29 0.60 21

H2 33 1.90 58

H3 24 1.85 77
H4 29 2.95 100
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Fig. 6 Size and distribution of Al;Zr particles under different

homogenization conditions
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Microstructures of 7055 aluminium alloy after aging treatment: (a) H1; (b) H2; (c) H3; (d) H4
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Fig. 8 Tensile properties of 7055 aluminium alloy under

different homogenization conditions at room temperature

FEARGEREBUR], ARy A B AR T X, X X
i BEAR ey LA BB [ 22K, A S50 PSN T A%
AN I PR WSEER AT NP 2 P AV RS CE R A T i (i R
e AHZE H3 504 Al SRR G 0V 5 TR 4 i 73 2O
BARZ, WA A0 ALZe K74 T s
HH o
ANFRBI I E T 15 2 Al Ze B AT 5%
RLf KNI ATAEAE 22 SR T Ze T 1 70 i
RH K>, Ze HEERE DO mEN, A
ZArf Ze TR, XA AT AN Ze F s T
FEXIAIAIR I AP R ) AL Zre i1 (110 At
FAAE SR I 2257, AESRAFAETS ALZe R 5 #r
X BB, Zr JsU T e s e, AEEAE R NG
s, BT ALZe Ky, b ALZe Ryt
AMFIERLALE, Bt AlsZe R S S yRi it
s 75 AlsZr 71T A% [V ORI 5E A I ] ik AL Zr
R AT e I B, BEBCKIRIERIIE i/ 34
SISREUMAT I ALZe L F A
M RIS S R b R Py 2o ) L AR
AEICRE VT AR, o AORIRE AR TR] B0 oy BE AT S 1T
ALZr Fi§ IR BOBAZIEOE TAT M IR, 98> AlZr
Ry AP M Re s, REFS 23 2 Hor A I 20 1Y)
AlLZr SREUH . H3 B204005, FRMSATEL He 3572
WIESEZ 1 M, AT 210 AERISEAA R i REAH 5
i, AR ALZe KRBT, Bl R
BAK, Zre Jp AR P A AN R LU, Ze
J AR R AR I AR R s AL Ze BT TEA% )
i AR, AR TS G 1 Ze Al B
AN ALZe SRECHK RN AA] T+ ALZe K (R K

Ks HA B0 5 , n AH B (R TH s gt N kA4,
n RS RETTT o AHREE A4 R] 5 REAH L IR AT i
ALZr R RGFRUN, BERERE— 2T, Zr JR
TAEFE R ) s B AN R Ay, AH T AL Zr
LT, SEBr [ TR Ze R sk,
ALZr K B IIIG S AR I I, ALZr R TE A% 05
by HAENTH RS EUNMY ALZe K-t T 7Kk
HANEBWIH G, B TR ALZr B H— e
FERERIERK N, 43R ALZe K7 ]FECR,
PL, H3 $50405 HA 35 TER] TR 41/ B
I3 A AlZr Bi T o

A/NYRECR) ALZr Ref% BH L7 45 1T R A2 RS,
B GRS AR R B A R, T A e
INEAR RS, HARTEE S5 R N R i A E A A # 3))
PRI, 7 i J2 48 RE IR 7055 405 A0 A T I T 45 B B
FZAUHIHE LASE I, o R EEORH 1) 43 A1 0) 7 5 A R BEL A
BEM Zener &1 4LJ7 R SR G T S 1K1 3
LR sE g, Zener 4401 RGRECH IOAATR 73
5 TR P8 AR I LA ED (P RE . AR 4 R
FIr(CAT AR 2 B AR 0 O B R/ REAF AN [R] 1)
AL Zener 473177 K/NA H4. H3. H2. HI,
RG-SR MM 4R He 55
SEIEW G, T EUE R R AT, ALZr 5T
R s ST MBI E - AMUCE Fir RN, &
Th ALZr B ARSI R R R, B4
FHAEIITG Al Ze FiAT H XA R T P b B A%
AR P AL Ze R HRELE a3 DX 3 21 FHL 1 F P
SEAIIVER, TR AG ST ERREIR G 4y
A BRI Al Ze R AN BEA R BELLE P & SR i
IR, NP4 i A A R R 22 s AL Zr B 1)
KNG BEAG f AT AR RIER, BT ALZr
by xR, PSS e a shged ML, HEP T
PrESBEE LR, 458 AR RS I — e 1 R I
PR 20 e I B S IR V) N ) ¥ 2 R AIK, ALZe R ¥
WA R BELLE i AT RS

H4 53201 ALZr R 150 A 2 A BRI
H3 AHZEA K, (RS0 % L H3 Wb, F/r 5k,
A BENECR, W] He HH 133 ALZr Fi 143 A 45
JERT AL Ze R ST 6f F0 1 25 dt b B E L, Ha4 1)
A AR B RS R A AR K Al Ze R X 410
T 45 AR 22 « H3 38 ST AGTH B it R RS A 1
BOR BB HA U, (B H3 B2 &4l HoREL
AT ALZr K, BeARAT RCHBE - P45 it it SR
i S IIERS . H2 S50 TS AL Ze R HERLR, BX)
En S HIET LI TN . 22 H2 JA4 G G I 1) P 4



5522 %5 8

SR, A RIS 7055 HRA A AR AUR T S RE I S 2161

i B2 HA B G S EEE 2 T H2
A5 A I BN e o PR Tl T R4, AR REL T
TRAEY B, TR 4/ NREL IR P AT H, X ek
FAE R I TR PR B K, REIE Ik BEL AV A 1
BB IR ERAGIE ], B 2 SRAT T Al /N AR T
ML fElw R A4t fid, B ALZe A
REAT R RELIE Y 5 S 0IT RS, AR /N i DA RO i N
DA IR ZERIE 28 T F 4t . H2 35040 Ja AEs
Fe Al Si (AAHLL K S AH ESRERR, w24t Ha
I8 A %, BTCATESE 5 PSN EAZHLHIZE HA hig H2
. HI A0S, W s (0 3 FE el H2 1
i, AL IREOR AT D H ALZr K AR AN
AY, WA EEAN AR N AT L5 5 78 7 BEL T 45
e ey AT ot AN T L S AN (VA e
EREE R, ez 5 EXHORSE A &
AR AR . H1 ¥A40 5 955 i ot -
AP P vt ] S0 2R 13 RN H /0, A SR
[ FE R, B AR — e R P P I s A R
2 H1 BAMIEE WS, B 440 35
DA KT BR, SRBERRAG, DA TR I R = A
{18 DR A7 5 0L 3 % N B 1 AR TG i D T R
Fi. 2 HI 35MHIEEEES, Fa bR,
SSRGS O AT A 4L A TR B R 1 S
Uf, PEEE S RERISE NGERE ST 2 W8 RN B S,
DA A PR s H2 35RO I i, BRIRAS SRl
I A R, (EJE H2 ¥ AIb IS/ 473 C I
MR B, SEERI S Fe AHEL A S(ALCuMg)HH
PR R RIS, X S R 55—
FHEH T AL TG R A G0, [FIBRAHA HE iz 3)
BRI G S, AREs R BRI 2 H2 35010
BT E R R = R R AT, H
TEYEH LR & I Sk, SR AR TR ARAN ) o
AN, 2550 S EUTASAE b S HERY, 38 BN ) S o
LU, MR ZE; H3 AR I AN TR L
M ALZr K, ARAEAEAL T8 A H 12 3 B
s St HLL, ANZALTEH ALZe BP0, A
(VBN R, AL B4k 852 5 ve i I S D)
IR, e A IS B BRATAE g, 4
S . {2 H3 #3244k 5 AlZnMgCu A1 S(AL,CuMg)
S R, TR AR b 03 IR 7 de b, i
BORABOR RS, HATHE 2% 50 A IX SRR A FHERA
T8RN )R B AR, FARm AL o i JL il /N R R
(1 ALZr FiFBRIET SR A, IR TE 45,
2l ROy NI iy iR VA = M= g = A1) S = A== e R N
T RE T TR AC AN i AR A s ME AR 2 B AR B v

e 28 HA By AU G e e P A
R ECT AR R S . ALZr KLY
FEFRG5 i e I 2 5 3 AR e A O F5 A4 R
Fohg o, FAh ORI IR ALZe KL U E
IS KIS o AR ALZe R BIRAZMT S, HLS T
REAR S KR A B A, K T AR 2K
LS TR, BRI S S A IRtk . 2
H4 25 B I 5 T 45 2 Bdms, H H4 197
e ALZr R F AR 22, P A H4 35 AT 2
AT AERZI RSO AR AL Ze R 5384
2 KL WAL/ GR B A R 2
b, SREAHN T B o

4 g

1) 7055 35 G KA EE M BT ™, Sh FAEERLR
PURILARZHER, G GBS0 5 R ORI B S5 5 s 7
R ATl g 1 3 S RO b AR R AT, A
SR SR S fE (H3 HA) 855 AlZnMgCu
AHFI S(ALCuMg) & & H A i A (HD) T 2,
B R R R B ) H2 5 A B SR
RN E 353 s

2) ISR R R ALZe KT I AT R
JEAE 408 CORIR I Ha 3540 ALZe K3 AT
Bin R RSHROR: M5EAE 264 C LR H3 3554k
REARAT KR SR EU AT I Al /N ALZe Kif o

3) MBS )M R A P RE R L, B
BRI G N 473 C RN AR B B, KD
JRSP Al g [ 3 S ZH 2R, A R A3 T i [
NG a A, S m B s iR I R, B
O R, BER S &M GTERE.

4) K264 “C. 4 h)+H468 'C. 24 h)I) H3 ¥25)1k
T EBATR TG RKEIL S IR A A/ ALZr K
To PG AlZr YREBUHBEAT RCHBET FL A R
it REARTE G5, fEom b FE R [F] I REAR 47 th
P AE R A, A A UE BEIRA LT I 45

SRR
REFERENCES

[1] HEINZ A, HASZLER A, KEIDEL C, MOLDENHAUER S,
BENEDICTUS R, MILLER W S. Recent development in
aluminium alloys for aerospace applications[J]. Materials

Science and Engineering A, 2000, 280(1): 102—107.



2162

A G A R

201248 H

STARKE E AJr, STALEY J T. Application of modern aluminum
alloys to aircraft[J].
32(2/3): 131-172.
G, 7500, SRR KRM, EUE, X8k, B T
ARG G A AR B K S IR S ORI RE D). B a
TR, 2006, 34(1): 10—13.

ZHONG Zhi-guo, ZUO Xiu-rong, WENG Yong-gang, SONG
Tian-fu, WANG Ming-xing, LIU Zhong-xia, YANG Sheng. The

Progress in Aerospace Sciences, 1996,

application situation and the study development of the wrought
aluminium alloy’s homogenization[J]. Light Alloy Fabrication
Technology, 2006, 34(1): 10—13.

DONS A L. The alstruc homogenization model for industrial
aluminum alloys[J]. Journal of Light Metals, 2001, 1(2):
133-149.

ROBSON J D. Microstructural evolution in aluminium alloy
7050 during processing[J]. Materials Science and Engineering A,
2004, 382(1/2): 112—121.

LIU S D, YOU J H, ZHANG X M, DENG Y L, YUAN Y B.
Influence of cooling rate after homogenization on the flow
behavior of aluminum alloy 7050 under hot compression[J].
Materials Science and Engineering A, 2010, 527(4/5):
1200-1205.

RSCE, SRETW, MMM, B B 7050 fE e
AP KU B SR (0], P A R 2E 4R, 2010, 20(6):
1102-1109.

LIU Wen-jun, ZHANG Xin-ming, LIU Sheng-dan, ZHOU
Xin-wei. Effect of homogenization on quenching sensitivity of
7050 aluminum alloy plates[J]. The
Nonferrous Metals, 2010, 20(6): 1102—1109.

OU B L, YANG J G, WEI M Y. Effect of homogenization and

Chinese Journal of

aging treatment on mechanical properties and stress-corrosion
cracking of 7050 alloys[J].
Transactions A, 2007, 38(8): 1760—-1773.

i B WrAs, LE, S, BEETE. R R S
HE I A TEBE S SRR AR, 2001, 212):

Metallurgical and Materials

[10]

[11]

[16]

14-17.

LU Zheng, YANG Shou-jie, JIANG Hai-feng, LU Jian, DAI
Sheng-long. A study of homogenization processes for a new type
ultra-high strength aluminum alloy[J]. Journal of Aeronautical
Materials, 2001, 21(2): 14-17.

FAN X G, JIANG D M, MENG Q C, ZHONG L. The
microstructural evolution of an Al-Zn-Mg-Cu alloy during
homogenization[J]. Materials Letters, 2006, 60(12): 1475—-1479.
VUKAR, SRFH, WL, TASS A& Wb T, P EAT A
SJEZR, 2006, 16(4): 638—644.

HE Yong-dong, ZHANG Xin-ming, YOU
Homogenization treatment of 7A55 alloy[J]. The Chinese
Journal of Nonferrous Metals, 2006, 16(4): 638—644.

JIA Z H, HU G Q, FORBORD B, SOLBERG J K. Effect of

Jiang-hai.

homogenization and alloying elements on recrystallization
resistance of Al-Zr-Mn alloys[J]. Materials Science and
Engineering A, 2007, 444(1/2): 284-290.

ROBSONJ D. Optimizing the homogenization of zirconium
containing commercial aluminium alloys using a novel process
model[J]. Materials Science and Engineering A, 2002, 338(1/2):
219-229.

ROBSON J D, PRANGNELL P B. Modelling Al;Zr dispersoid
precipitation in multicomponent aluminium alloys[J]. Materials
Science and Engineering A, 2003, 352(1/2): 240—-250.

M, SOBTI, RAUK, ZEIEEE. 7B50 ke A i s
[7]. o EF 48 23], 2008, 18(5): 764-770.

LI Guo-feng, ZHANG Xin-ming, ZHU Hang-fei, LI Peng-hui.
Homogenizing treatment of 7B50 high strength aluminum
alloy[J]. The Chinese Journal of Nonferrous Metals, 2008, 18(5):
764-770.

WU L M, WANG W H, HSU Y F, TRONG S. Effects of
homogenization treatment on recrystallization behavior and
dispersoid distribution in an Al-Zn-Mg-Sc-Zr alloy[J]. Journal of
Alloys and Compounds, 2008, 456(1/2): 163—169.

(4mig  FTHBLD)



