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Homogenizing treatment of 7AS5S alloy
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Abstract: The microstructure evolution and composition distribution of the 7A55 cast and homogenized alloy were
studied by optical microscopy, scanning electron microcopy, energy dispersive spectrometer, transmission electron
microscopy and X-ray diffractometry. The homogenizing and overburnt temperatures of the alloy were determined.
Meanwhile, the diffusion kinetics of the alloy elements during homogenizing treatment was investigated and the ho-
mogenizing kinetic equation was deduced according to Fick s First Law of diffusion. The diffusion of alloy elements,

precipitation of Al;Zr particles and the conglomeration and globe of the insoluble phases were explained by the equa-

tion during homogenization.

process of 7A55 alloy is at 470 C for 24 h.

According to the results of experiment and calculation, the proper homogenizing
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Table 1 Chemical composition of alloy 1*

(mass fraction, %)
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Fig. 1 Microstructure and elements distribution of as-cast AFZn-Mg-Cu alloy
(a) —Microstructure; (b) —Zn; (¢) —Cu; (d) —Mg
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Fig. 3 Microstructures of AFZn-M g-Cu-Zr alloy homogenized

at different temperatures

(a) —450 C; (b) —470 C;

(¢) —480 C; (d) —490 C
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alloy after homogenized under different conditions
(a) —450 C, 24 h; (b) 470 C, 24 h
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Fig. 6 TEM image of Al;Zr
homogenized at 450 C for 24 h
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Fig. 7 XRD patterns of 7A55 cast alloy
homogenized at different temperatures for 24 h
(a) —As-cast; (b) —270 C; (¢) —350 C;

(d) —400 C; (e) —420 C; (f) —450 C

a A1) Il T\ M gZno) P AR R, BEA 350 AR
T, A& K W(MgZn) AR 2 8, &
350 Cinfik & K1H; HSWRE#ET 350 CH,
Ga gt AR & R 250 AR B F = T
G, R H AR XITF IR R 2] a( AT) Btk
2450 CL 24 h B4R E S, A5 & Pl A
al Al) Bk . WNYIFR TR, 78583 St it
b, G RMAREWRA T LA 5 #2214k
EBE IR Al 2 2R 1 3 i A 2R R 2 A iR
[T R A B ) R SE K T S 2K, 7E 350 CLL R #4454k
1R v L o N S Tl s o TSR 1 R
400 CLA_L38A A0, P-4 AH S [R] 3 28] [ 95 4 2
By 3450 CIY, TAHSEARIEAN a( Al) 4R . X
b 6 A1 7 v, AE&4 syl )E, FiE
S Tl UIE R KER ALZe BT, TIAE X 54
FIFHE T E AT AlLZe A1 . 5 R RS BT 0 H
AlLZr RLF 40/ R, AEE S s el LR
B AR TR INER D, T ALZe kT
FUR BN R FEAR TR 5%, RITAE X 5 A7 4t
AR T HE AR ALZe M

3 HBEEhFESHN

) ) AR K I 32 2 02 ARl RN DR iR
6] o ARPEIE v o —E Bl PR IS [R) A 38 I A TR AR
T ) 5 KT 1) ) O R R B
EL, B

J= - pE (1)
A gk BN TR) P sk A T AR O
H D N AR SEE&MARR. B4R
By b RS IR ARG, W R 8 5 4 5
Ko A

D= Doexp( - R%) (2)

L Do HHEHG Q AT BUMIERE R AT
B T ST AR E . (2) K, MERE
(v, O R R B R . ] 8 s A
A TAS5 BT EE S ICE AT ] 43 A0 1) i 7 8
EFesimma R . i 8 WA, FHEASES LR
YA A TR) 5L R AR AR AL, L Hillert 251 WF5T £ 01, 75
HA BRI R A F, kN a4t
RO EUHSSSNTERIRLZ, $AE&4umik
FEVRRE i ) 2 A K 22 2 8 AR 4L, X5 AR
SERMTF . FE, RA S eSS RE AR



16 B 4 BIKR, %5

TAS55 G5 Ak © 643 -

B8 AL T IRE LA REN
Fig. 8 EPMA patterns of elements linear

distributions of cast structure

R, KT F0AH SRR fn 8] & S 4 ooy Hio 3
RIAT . &S SR TR oA AT B9 s
FR) 95 230 ok SR R A J

c= co+ A X aX/L2
X« WEBFRTEREARBEL W a=
RN RE: « €70, 0.5L]; L B
WFE; Aco IS S A G LUTTRIEE; ¢ h5ed

SR & G TERTRIREE: A= T e . MRS

IR, & B IoER AR A B o] 1 Fi Bk Bk
N )
c(x, t)= ot A x g (3)

FX(2) F(3) MARAK(D) 1B
I= - Doexp(- _@) Xd (c+ A an/L2):

Dokt (- - (4)
Y TR HEERIAE] 99% Aco I, A KA
ML B, 1= 99% Ao, A= T heo, x= L
RARK(4) 75
Yy

=2r

c:c0+exp(—kxg/ L2) C=co+e)ép (e 0.5 L)L2]

0.5L I ¥

9 AR KIS T ER W B K 3 A 2k
Fig. 9 Distribution curves of elements along

dendrite during homogenization

99L* _
50D 0k~
4%V$%mmﬁﬁﬁﬁﬁﬂﬁﬁ

_]_ R __t
010901275000k ~ 2L] (6)
: _R 99
2 P= 6= Sopog
M=C6) /KR A

+= Plin(7)- AL (7)

X(7) BB 1% 05 . X 7) ity
Wik, #H—I5 & a4 oMy any sl Es
K, B EEITCESMNALSIREE AlLZr
B PR BR 0 R v A ) SRR L BRI LA K,
PRAN LR 2 B B ) R R . T ALZe By
SRR ER A I T BV RERE L, TEIR A —
SEMITEOLT, XA H . R ERBRE A 510 I
K TR ERTMESE, PGk NHE,
NS HMBENRGHSA S5 L, B /E %4 N
PR ) J)2E ek . BT EARRIAERE T, Zn A
Mg JCE MY HLL Cu R, L3S b il 2 5
FLZE Cu TUHEMP L. AP SR 12], AFZrMg

G4 Cu JTCHE PG RE Q A2 Do HKIXA
Doccy = 8.4 mm?*/s, Qcy = 136 kJ/ mol, R= 8. 31
J/(mol * K) . H:(7) \TAZ A FHLASE T Cu
JCER MBS Tyt & (L 10) . B 10 WA
L Bl SR B R T R, 3T A I TE) R 4
TR e E AT, BASEPEER L=
32.5Bm, HBAIHEN i nT s, 15470 CIY)
LIy, BT AR IS TR] 2 21 h, 31X 55 SEI6 45 AR AT

875

x exp(~ 20— L) (5)

825

715

725

Temperature/K

675

625 L=50pum I=10Um
A [ 1

0 20 40 60 80 100
Time/h

10 AFZo-Mg Cu B 4385030 J) 2 ih £
Fig. 10 Homogenization kinetics

curves of AFZnrMgCu alloy



. 644 ¢ [ 4 R 2

2006 4 4 H

1) 7TAS55 & & AR B KBS AT,
ik T 350 CHISJ{bab B, Eﬁi@/ﬂ%m&:a@ﬂ%,
AHEIBT R BEZ 38, Y& 41 400 CA UL b B
VISR, LR I TR AR TR a( Al) 2
e, % 450 CHAJLLRIE 24 h 1), A58 4 [Pl
A a( Al) Ffkd . 4470 CHIAMLARTR 24 h IS, #7
KR FIERIR AlZre, JEVFHETARARES L AR, I
i b, MEMEMITRRSE Bk . ks 51k
T80 470 CHAILARE 24 h .

2) f£Zn . Cu Mg FEAELITLHET, Cu Y
AR SN, WiTH ™, S8 R
HIEH . i’J/jVCTﬁEP }J\aaﬁiaalj\] E&LE

AR L, #5130 1y R =
PlIn(zE5)- 4Ly, et s—m s 28 A4

BT R, B & eum o mARAR
& ALZe R AT HUIRDL S AH B0 SR S A ER AR
REPSE

REFERENCES

[1] Keams M A. The mechanism of phase transformations

in crystalline solids[ J]. Light Metals, 1999, 713 ~
720.

[2] X/hE, 3 AN, BT, & b ek
KERLLT]. P A R SR, 2003, 13(4): 909 -
913.

LIU Xiao-tao, DONG Jie, CUI Jiamr zhong, et al. Ho-
mogenizing treatment high strength aluminium alloy
cast under electric magnetic field[ J]. The Chinese
Journal of Nonferrous Metal, 2003, 13(4): 909 ~913.

[3] &K%, I%Lﬁ\ LD11 % 5& 35 4k 5050 Jo 3of e it J&
PGB T]. BA4 THEAR, 1998, 26(7): 40 ~42.
ZHANG Wan‘jin, WANG Merqi. LDI11 billets ho-
mogenizing test and its overheat temperature[ J]. Light
Alloy Fabrication Technology, 1998, 26(7): 40 ~42.

[4] Nakai M, Takehiko E. New aspects of development of
high strength Al alloys for aerospace applications[ J].
Mater Sci Eng A, 2002, A285: 62~ 68.

[5]

[ 11]

schaffer G B, Huo S H. The effect of trace elements
on the sintering of an AFZn-Mg-Cu-Zr alloy[ J].
2001, 49: 2671 ~ 2678.

Engdah I T, Hansen V, Warren, et al. Investigation

Acta

M ater,

of fine precipitates in AFZnrMg alloys after various
heat treatments[ J]. Mater Sci Eng A, 2002, A327:
59 ~ 64.

Stiller K, Warren P J, Hansen V, et al. Investigation
of precipitation in an AFZn-Mg alloy after two-step ag-
ing treatment at 100 ‘C and 150 C[]].

A, 2001, A270: 55~ 63.

Mater Sci Eng

Robson J D. Optimizing the homogenization of zirconi-
um containing commercial aluminium alloys using a no-
vel process model[ J]. Mater Sci Eng A, 2002, A338:
219~ 229.
Li X Z, Hansee L, Gj#nnes J, et al. Hrem study and
structure modeling of the T, phase, the harding precip-
itates in commercial AFZn-M g alloys[ J]. Acta Mater,
2001, 47: 2651 ~2659.
Robson J D, Prangnell P B. Modelling AlzZr disper-
soid precipitation in multicomponent aluminum alloys
[J]. Mater Sci Eng A, 2002, A352: 240 ~ 249.
DorWard D C, Beernsen D J. Grain structure and
quench-rate effects on strength and toughness of
AA7050 AFZnrMgCuZr alloy [J].
Transaction, 2003, 26(9): 2481 ~ 2484.
Hillert A. &&F HAMMAT FIM]. dbnt: im 4 Tk
HiRE AL, 1999.
Hillert A. Diffusion and Thermodynamics of Alloy
HE Yong-dong, ZHANG Xin-ming. The effect and

M etallurgical

Beijing: Metallurgical Industry Press, 1999.

mechanism of minor Cr and Mn and Ti and Zr on A}t
Zir Mg Cu alloy[ J]. The Chinese Journal of Nonfer-
2005, 15(10): 1594 ~ 1601.

Iwamura S, Miura Y. Loss in coherency and coarse

rous Metals,
ning behavior of Al;Sc precipitates[ J]. Acta Materia-
lia, 2004, 52(7): 591 ~ 600.
v, — T A E‘J?’?fﬁ'
AL HREW D] K
20.
ZENG Yu. The Study of Microstructure and Proper-
ties of a New AFZwrMgCu Alloy with High Zinc
Content[ D].
2004. 10~ 20.

M AFZrMgCu &4
. hEg K%, 2004. 10—

Changsha: Central South of University,

(4wiE L)



