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Effect of trace addition of Ge on aging behaviour and
microstructure of Al-1.5Cu-4.0Mg alloy

ZHOU Xian, CHEN Zhi-guo, HUANG Yu-jin, SHU Jun, REN Jie-ke

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of trace Ge additions on the aging behavior and microstructure of Al-Cu-Mg alloy with low ratio of
Cu to Mg were investigated by the microhardness test, tensile test, XRD and TEM. The results indicate that the trace
addition of Ge can increase the aging rate and enhance the effect of aging hardening and strengthening. Compared with
Al-1.5Cu-4.0Mg-0.5Ge (mass fraction, %) alloy, the addition of 0.25%Ge has more favorable effect on aging
strengthening. The trace addition of Ge can promote the homogeneous nucleation and the dispersive distribution of 7'
phase and reduce the density of defects and the heterogeneous nucleation of S phase, resulting in slight reduction of the

volume fraction of S phase.
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Table 1 Chemical compositions of studied alloys

Mass fraction/%

Alloy No.
Cu Mg Ge Al
1 1.5 4.0 0 Bal.
2 1.5 4.0 0.25 Bal.
3 1.5 4.0 0.50 Bal.
2 RWER

2.1 BB AL RS

1727 K1 3745 44F 200 C I 254k 2k b 1(a)
Prizs. HE 1@ WL, BEE R  RIER, 3 Fhd
SR FEE WG, BB S 208 TR AN RO

FErp SO B — AN . Forp, 0 0.25%Ge (1) 25 42
(IR e, N 0.5%Ge 1) 3" &4k, 6
Ge M 1"E &M, 1 174 4 30IA IO s 1)
19 h, 29R1 354N 16 he IXUEHH Ge HIAS NN
PTG I R TR

115

@,

105

Hardness(HV)
Nel
W

= — Allloy 1
85 o — Allloy 2
«— Allloy 3
75 1 1 1 1 1 1
0 20 40 60 80 100 120 140
Aging time/h
390 70
(b)
360 - leo
330 |
< = — Alloy 1 150
=¥ e — Alloy 2
% 300 i— Allo; 3 E
5270 - o — Alloy 1 140 5,
g o— Alloy 2 8
%240 A_A110y3 _30U-]
210+ . 20
180 . . . . . 10
0 20 40 60 80 100 120
Aging time/h
1 200 CIN 3 Fr 400 i ki ith 2 Fint 2% 77 221k e
ik

Fig.1 Aging hardening (a) and aging mechanical properties
(b) curves of three alloys aged at 200 C
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Fig.2 TEM images and corresponding SAED patterns of three kinds of alloys under-aged at 200 C for 1 h: (a), (b), (c) Alloy 1; (d),

(e), () Alloy 2; (g), (h), (i) Alloy 3

Al-1.5Cu-4.0Mg &4 /3 AT 4 Kt IR AL PR 2D B
LA 2(a)), A PIAAE DS HOIRET AR, HAT
AR IR A OLIE 2(b)), B, &A
L2 BAH DY FIRTH BECILIE 2(c))o TN 0.25%Ge 11
"G, MRS KD (LK 2(d)), Ay B
W5 F i N R HORAH TR A (LI 2(e)), AHN R
X HL P ATE R EAET 1/3 A1 2/3g {2203 /b B T B S i
FRAEATSHIBE, ATLUHIWE T HICLIE 2(). BRAh, 0
0.5%Ge [ 3" 4 i A A %5t Kl ok 2> (L
2(g)), dNAEER Z REC A T AHOLIE 2(h)). HH
PEATSN, IR Ge 5, 2°F0 3" G4 1"GaTh

WEZANNRECH T A, H 2" 5 gl /T ARG 2
w3 A Em.

Kl 3 B A4 1.2 F1 3 4E 200 Clg R T
) TEM 14 S AHN ) SAED 1. 7E44r 1IN 20
TSR RK EEPUIR TAHLL 82 S AH, fEAHRY. (1) SAED
] DALE BB B0 T AR S AT BT 275 4
W I A Z N R T H R Al /N R BCHRIR. T AR AR > 1)
SAH, FHN SAED T i S AH AT BE AFAN
By i 3" G arh SHMT AR, K& TR,
PRE A . 271 3 I TR EL 195 G s i/
YREL TTREAE Ge s3I0, S AHAIAT H B Z WD .



1516 o EA 8 R R 2011 47 A

B3 3 FE4E7E 200 CUERNZES 1 TEM 4 AR [f SAED %

Fig 3 TEM images and corresponding SAED patterns of three kinds of alloys peak-aged at 200 C: (a), (b) Alloy 1, 19 h; (¢), (d)
Alloy 2, 16 h; (e), (f) Alloy 3, 16 h
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Figd TEM images and corresponding
SAED patterns of three kinds of alloys
over-aged at 200 ‘C for 240 h: (a), (b)
Alloy 1; (c), (d) Alloy 2; (e), (f) Alloy 3;
(g) Simulated diffraction pattern of SAED
in alloy 1
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Fig.5 XRD patterns of different alloys: (a) Alloy 2; (b) Alloy 3

3 i1t

WL E W, Al-Cu-Mg & 4% m(Cu/m(Mg) K
0.11%~0.29% I, JF & A R IL T AH 1A 1
RATCHEV ZUMJ5¢ T Al-4.2Mg-0.6Cu( it & 7> 1,
%) AT ok #E, &5 BRI OG5 CuMg L
Al-Cu-Mg & &b 4, B GPB X . S"A
S(ALCuMg) # « A L &, m(Cu)/mMg) N
0.35%~0.37%, fF 3 AAETHRIL T HORI T 44,
i HAN N Ge i, 7RI 1 h gt R0 T RS 0RE 48
NI TAH, G4 2 M3 A4 L T EZ T, X
METIE S A REER, ifide s T a4, Ha4
2 Rl /TS, HA 4 3 B pal A
SRIE

RATCHEV %1% %y,  Al-Cu-Mg &4+ S MR
HrhFEFIA AN, 4300
0—S"—8'(S)  (hif LARY S TERX)
a—Cu/Mg cluster(GPB [X)—S"—S'(S) (FEk L35
TEA%)

o, WP AZ R R R A AR N R, ST A A
W EARIISIEAZ, R IHCOR A S A TS —Hr
HFEFIH, GPB X AER i W SR B, fERT 2
Jo WA ST ¥ A1 B B R b B . SHIN F
WOLVERTON!" "1 i 55— J B 157753 HH Ge 254
(4B s . RINGER 255 MAESE T Ge A4 (1
AL HAERARSR, HRJRF O3RN R fshr, AR
T RARRARRES . I, B Ge FIZSALZ I
SEMER, Ge JRFHIER T VKA (i o =3
P, AFIEAR AT B 20 R P FRA I 2 7 v 2R T ik
AL AT, AR AR IR, SR AT R (L
2(d)), B Ge X707 (iR T 85085 4 Bkl B A,

MRS T S AHLEGRBE FAR A TEAZ LA . T S AH
GRS T A HRRAE, A4 Cahn FAT S AHTE AN ]
KIERBAALIERL AL 2, (e A AL TE R I B0, 1]
LH— N RNI S Hok R RN

a=AGyub*/(21’c") (1)

K AGy WA B BRI AL w A BTUIRIE; bl
fhikgRa: o NAHIRE. MATHATEIRKVE, Lk
TR M ST BEAH N FIAG), B, S Rl RAT
HH AT e RRURR A B bl vy B L7 4 PR A 4tk
HURERAR) . FTEL, AR S AHECHOIR T AH B A7



F21EE T

JA WA, & PR Ge X Al-1.5Cu-4.0Mg & 42 IR AT Ay B Ao 41 42 1) 5 i 1519

IR U, N Ge Ja, JAEXISITERZIGAL AL
B>, PrLL, WA T RRAREER A T A T T
A TEAZ I S /T SAHIY, ik, JLEZHT A
RELR) TAH. DRI, BT h sl OB RO T
o

IR IR 27 375 4P i TAHEL 1 4 T kL
HERRZ s W0, X8 TAEEK S, ek
Tatb A, S e TATRE. 4. bk, 8
REAAS ARSI A TR S MBS, U arhaT i S A
M, 2°F 3" 54T Ge WIS IR, (rd
Wb, SHINTHIZEETRD . AR, 27F 354
F R P AR B i T 195 4 i), IR T Ml
TR, HIEE 40 NRgRE . &4 2 KSR T 354
(2 B T5 4 2 18 S AHAT H BROARAR 20 B0, S AR T
HE G .

Wb JEI, S ARSI TE GPB X _EJEAZ,
GPB X AL 2 WIS i, 5 Cu Fil Mg J5i7 [41 7%
Ko KEZNME Ge JRFHHFK, MW{ER S Ge &
G Cu F Mg S53 s 7 LAY B s s>, A
MRS T A4 GPB BRI K. [, BT Ge
Mg HI454 71T Cu i Mg (M), Ge ASBEIE L HF
FAERYS Cu 1 Mg JRFHIRAE—H, KL, Cu M
Mg HFEIEEILR /N, GPB X ITE R 2I30H], S
MBS AL G I, AR, 1"54
i SAHIE A AR ARSI ER, 7 GPB R4
et ZJRK RSP S AH, Fril, fEI2% 240 h
i, MEFIR MR S A, H S MR EA .
ifi 2" A FARYISI AR GPB RIS
HsZ ZIFWE], Frid, SRR, SPETAR S AT AR D,
3AEE "G4, S MWD, HAh, Al-Cu-Mg
B4 S(SHRIIHT TSR G AT P HIE 54 4 8
RS EA RN, B s T, 3G A L 2P A e E K
EZ ) Mg,Ge, 0.5%Ge #HFETHLZ I Mg JRF, 4 S
FH(ALCuMg) 1 T #(AlsCuMg)HT Hi R I, #0752
THFE Mg JoiF, TER S AT E Mg Ji 10, BrEd,
TR S AHMIIRS) 36K, T AH T BB Ay sk, A
U, SRR, 3fa 4 2t e e ML, ST Z .
IEA HT Mg,Ge HHINTE 0, 2 5B RS AHFT T AHIV %
IS, 354 S MR TAIAMECE R, T
HIEAAAE 5 R o

4 g

1) TEE Ge AEhNig Al-1.5Cu-4.0Mg 4 4 I bk
g

VN L B R S RV TR S S R ey @ S E A I
0.25%Ge 175 SRR AR T 0.5%Ge &
Al

2) Wi Ge REfEEE Al-1.5Cu-4.0Mg 54 T
FHIII A AL, A2 4N RTREL

3) Tl Ge FIAEAERE PRI JCGRERIAIREE . ]
SAHARRIA AL, S AT H AT 23 Hioms A 41K

REFERENCES

[1] LI Hong-ying, TANG Yi, ZENG Zai-de, ZHENG Zi-qiao,
ZHENG Feng. Effect of aging time on strength and
microstructures of an Al-Cu-Li-Zn-Mg-Mn-Zr alloy[J]. Materials
Science and Engineering A, 2008, 498: 314-320.

[2] BAKAVOS D, PRANGNELL P B, BES B, EBERL F. The effect
of silver on microstructural evolution in two 2xxX series
Al-alloys with a high Cu:Mg ratio during ageing to a T8
temper[J]. Materials Science and Engineering A, 2008, 491:
214-223.

[3] LIU Xiao-yan, PAN Qing-lin, LU Cong-ge, HE Yun-bin, LI
Wen-bin, LIANG Wen-jie. Microstructure and mechanical
properties of Al-Cu-Mg-Mn-Zr alloy with trace amounts of Ag[J].
Materials Science and Engineering A, 2009, 525: 128—-132.

[4] FERRAGUT R, DUPASQUIER A, MACCHI C E, SOMOZA A,
LUMLEY R N, POLMEAR I J. Vacancy-solute interactions
during multiple step ageing of an Al-Cu-Mg-Ag alloy[J]. Scripta
Materialia, 2009, 60: 137-140.

[S] GABLE B M, SHIFLET G J, STARKE E A. The effect of Si
additions on £ precipitation in Al-Cu-Mg-(Ag) alloys[J]. Scripta
Materialia, 2004, 50: 149—-153.

[6] ZHU A, GABLE B M, SHIFLET G J, STARKE E A. Trace
element effects on precipitation in Al-Cu-Mg-(Ag, Si) alloys: A
computational analysis[J]. Acta Materialia, 2004, 52(12):
3671-3679.

[77 ZAHRA AM, ZAHRA C Y, DUMONT M. Effects of Ag or Si
on precipitation in the alloy Al-2.5%Cu-1.5%Mg[J].
Philosophical Magazine, 2005, 85(31): 3735-3754.

[8] HUTCHINSON C R, RINGER S P. Precipitation processes in
Al-Cu-Mg alloys microalloyed with Si[J]. Metall Mater Trans A,
2000, 31:2721-2733.

91 EFD, MG, 2R, 308, BHE o Si Rl Agx
It CuMg L Al-Cu-Mg <IN AT N S oML 4R S Ky A
M. AT 48 2% 4R, 2009, 19(11): 1902-1907.
WANG Shi-yong, CHEN Zhi-guo, LI Shi-chen, YANG Wen-ling,
ZHENG Zi-qiao. Effects of Si and Ag additions on ageing
behaviour and microstructure evolution of Al-Cu-Mg alloy[J].
The Chinese Journal of Nonferrous Metals, 2009, 19(11):
1902-1907.

[10] RATCHEV P, VERLINDEN B, de SMET P, van HOUTTE P.



1520

A G R

2011 £ 7 H

[11]

[12]

[13]

[14]

Effect of cooling rate and predeformation on the precipitation
hardening of an Al-4.2wt.%Mg-0.6wt.%Cu alloy[J].
Materialia, 1998, 38: 1195-1201.

CHARAI A, WALTHER T, ALFONSO C, ZAHRA A M,
ZAHRA C Y. Coexistence of clusters, GPB zones, §”, S’ and
S-phases in an Al-0.9% Cu-1.4% Mg alloy[J]. Acta Materilia,
2000, 48: 2751-2764.

CHEN Zhi-guo, ZHENG Zi-qiao. Microstructural evolution and

Scripta

ageing behaviour of the low Cu:Mg ratio Al-Cu-Mg alloys
containing scandium and lithium[J]. Scripta Materialia, 2004, 50:
1067-1071.

RINGER S P, PRASAD K S, QUAN G C.
co-precipitation in aged Al-1.7Cu-0.3Mg-0.1Ge(at%) alloy[J].
Acta Materialia, 2008, 56: 1933—1941.

RINGER S P, QUAN G C, SAKURAI T. Solute clustering,

Internal

segregation and microstructure in high strength low alloy

[15]

[16]

[17]

Al-Cu-Mg alloys[J]. Materials Science and Engineering A, 1998,
250: 120—126.

WANG S C, STARINK M J. Two types of S phase precipitates in
Al-Cu-Mg alloys[J]. Acta Materialia, 2007, 55: 933—-941.
RATCHEV P, VERLINDEN B,VAN HOUTTE P. S§” phase
precipitation in Al-4%Mg-1%Cu alloy[J]. Scripta Metall, 1994,
30: 599-604.

SHIN D, WOLVERTON C. First-principles study of
solute-vacancy binding in magnesium[J]. Acta Materialia, 2010,
58:531-540.

WOLVERTON C. Solute-vacancy binding in aluminum([J]. Acta
Materialia, 2007, 55: 5867-5872.

CHRISTIAN J W. The theory of transformations in metals and
alloys[M]. Netherland: Pergamon, 2002: 621.

(%RiE FRITE)



