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Energetics response to precipitates interface Al/0' under strain aging
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Abstract: Based on first-principles, the potential effects of coherent Al/6" interfaces under the response to external strains
were calculated, and the effect of the uniaxial strain, aging temperature and Cu activity on the interfacial energies of both
stoichiometric and Cu-rich Al/0' interfaces energies were investigated. The results show that the interfacial energies ¢’
phase always increase with temperature increasing, the larger size interface energy (yaye) and smaller size interface
energy (Yavg(curich)) increase by about 2.3% and 7.6%, respectively, as the temperature increases from 298 to 498 K.
Under the same temperature and strain states, yayg(cu-richy 15 always lower than y,yy by about 10%. For a parallel tensile
strain of 2% at room temperature, Yayg(curichy decreases the most by up to about 9.2%. The different strain signs
(compressive or tensile) and directions (parallel or vertical) have different influences on the interface energies, and can
affect the orientation preference of 6’ precipitates in the matrix. This may be one major mechanism for stain/stress aging.
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Fig. 2 Cu activity coefficients varying with temperature under strains: (a) Compressive; (b) Tensile
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Fig. 3 Change of interface energies of Al/6' and Al/6'(Cu-rich) with temperature under strains: (a) Parallel compressive, interface
Al/@'; (a") Parallel tensile, interface Al/@'; (b) Vertical compressive, interface Al/6'; (b") Vertical tensile, interface Al/€'; (c) Parallel
compressive, interface Al/0'(Cu-rich); (c') Parallel tensile, interface Al/6'(Cu-rich); (d) Vertical compressive, interface Al/6'(Cu-rich);
(d") Vertical tensile, interface Al/0'(Cu-rich)



2790

A G A R

2013 4£ 10 H

0.58
(@)
0.54r
£ 050} INZE
& 0.46
&
:j 0.42 | Al/ﬁ'Cu—rich
&
8 038
=
e, 0 — Vertical
0.341 =, 0 — Parallel
0.30 1 1 L 1 1
-2 -1 0 1 2
el%
0.54
(b)
0.50
a AVo’
g
< 0.46 -
>
&3
g 042}
5
2 Al/@' Cu-rich
& 038F
8
A= e, 0 — Vertical
0.34F =.o— Parallel
0.30 1 1 1 1 1
-2 -1 0 1 2
el%

4 ANFIIRCRLRE T N AR ORI i o S T BE PRI 5% )
Fig. 4 Effect of strain way and direction on interface energy
at different temperatures: (a) 498 K; (b) 433 K

AT TFHHI X pavecurieny B yave FIEZR LLAL B 2.,
AH B T3 13- S 7 ) R N AR , 25 51 22 Hb FRAIC S R fig
ANFNRE A TRIFE R S5 R . AE AR R R P g i
FHAAK ™, (BRI S SE TR, Bk, 7
THI ARG IR S T A 2 SR e AR A it AR ot
Bl Rl LAHEWT,  R46 (N AR, AVO S
By ) T BT T AN AR T ] 5
s A AN N ASGAE T T SETI ) Al-Cu &5 4 i i
AH AT RE IR AR KIS B R 4R NY 77 I
AR R TN T R 0RH s T AR g I
O, ARTAHTHAEAT TN T 1 ) 0'FT A . X
IR S R RN I AR S 2 R e e, R
ZHU SRR Al-Cu #5850 T JE 1R — R AU g I

U, LA BT SEEE RRIE, 6 TN AR (W D)
IS ] DL A IS Ol R AR S B WY I ISR, fig
i N FE T A L2 th— 8 R B BB ke . IR BETH e
{EFHREHE R, FEAVO IS A E T TR, A
FIT AVG IS FHRTE R AN AR FEH, Hik
JEE K S 10T PR S0 WA B, BRI D AR (N 7)) IR 2%
AR TN ASVE R, ATRLRRAIS AV FHRIE, AT
feit O PIHTHAEEE s HH T R Ag IR N A0 641
FHARE R EANR], BESEN AR AT, T
AR T 1) PR ST e S Dy gy, TR VAR 56T
SPAT AR T ] R SRR E S Doy, e Al AR
4 AR IS R TV BN BT AT, e b A
I3 AR IS RO T~ AT I T AT H

eoro @' precipitate eora ‘
//” n b
(a)___ A (li| \| _ *‘C\)I ‘ | ||
— ' =
= == TR
— - R
- . L—— I l |
—— =L =
— - — |2y
L= e |- |
Tsora eora\

5 AN NAZRHTHAR 0/ EEUH R R R

Fig. 5 Preferential orientation of precipitate 6" under different strain and stress: (a) Compressive; (b) Without strain and stress;

(c) Tensile



5523 5 10 b4

BE, S RO FRNT A AUOY ST ) SR 0N

2791

3 Zig

p=}

1) NAFN )34 PE R, Al-Cu 542 Cu 3%
7 ey RIS 52 2 RN AR LB sy, BB
T R THETIGER, TLA EEE T, po. BA AR 13
T Bl AR & e BN, o, X O BURPE T
B [FIREHD, BEEUREHINN, po, WAV A & ) BURPE
TR P RN AR I AT S Cu WREE, (A
XF Cu 3% R 50 8 R B e A PR o

2) EFERNARNE AV T RERIVE FH R AN
Y ave B FE R TR 3K, B AR R vk o i
FETH S, AVO SRS SRS T FRAE, AFIT AVO A%
BTG AN AR 3 (A FH AT ARG I S 2,
BEAIC AVO'SETIRE,  MTTIIEHE OAHAT H o

3) NS, B2 YaveCoricny<paves Bl
FER AT RE R, B oM I E A G, SR
FUIN R 58T HRTEM I 23 B 45 W&o thTix—
SRR R AR SAT R, LT LA, AR )
RO R b i oA LRI SE R T T

4) Al-Cu 5 & AE AR (N )i R0 ferp IS —
FHEEAUAT AN, JE A BB AL T AN [A] A 7 2O6)
ANTRIAE [l g ST () ST RESEMAAE AN o 52 He i B A%
N, TR ARSI SRR Z, WO R
T O REA LN 3 7 AT RO TR T
SPAT AR T M SR BB 2, WA R 0FETE T
AT I35 T AT R

REFERENCES

[1] HARDY HK, HEAL T J. Report on precipitation[J]. Progress in
Metal Physics, 1954, 5: 143-278.

[2] FRANK W G, MARTHA G. Precipitation hardening in the first
aerospace aluminum alloy: The wright flyer crankcase[J].
Science, 1994, 266(5187): 1015-1017.

[3]1 SON S K, TAKEDA M, MITOME M, BANDOB Y, ENDO T.
Precipitation behavior of an Al-Cu alloy during isothermal aging
at low temperatures[J]. Materials Letters, 2005, 59(6): 629—632.

[4] TAKEDAM, MAEDAY, YOSHIDA A, YABUTA K, KONUMA
S, ENDO T. Discontinuity of G.P.( [ ) zone and ' phase in an
Al-Cu alloy[J]. Scripta Materialia, 1999, 41(6): 643—649.

[S] HOSFORD W F, AGRAWAL, SUPHAL P. Effect of stress
during aging on the precipitation of 8 in Al-wt Pct Cu[J].
Metallurgical and Materials Transactions A, 1975, 6(3):
487-491.

[6] ETO T, NACHI M, MORI T. Study of G. P. zones in Al-Cu
alloys by stress aging[J]. Transactions of the Japan Institute of
Metals, 1979, 20(8): 459—-467.

[77 ZHU A W, STARKE Jr E A, JR. Stress aging of Al-xCu alloy:

(8]

[10]

[11]

[13]

[14]

[17]

[18]

[22]

(23]

Experiments[J]. Acta Materialia, 2001, 49(12): 2285-2295.
HARGARTER H, LYTTLE M T, STARKE E A. Effects of
preferentially aligned precipitates on plastic anisotropy in
Al-Cu-Mg-Ag and Al-Cu alloys[J].
Engineering A, 1998, 257(1): 87-99.
ZHU A W, STARKE Jr E A. Stress aging of Al-Cu alloys:
Acta 2001, 49(15):

Materials Science and

Computer Materialia,
3063-3069.
HOSFORD W F, AGRAWAL S P. Authors’ reply[J].

1976, 7(5):

modeling[J].

Metallurgical and Materials Transactions A,
771-772.

SANKARAN R. Discussion of effect of stress during aging on
the precipitation of theta prime phase in Al-4Cu wt Pct Cu[J].
Metallurgical and Materials Transactions A, 1976, 7(5):
770-771.

LI D Y, CHEN L Q. Computer simulation of stress-oriented
nucleation and growth of &' precipitates in Al-Cu alloys[J]. Acta
Materialia, 1998, 46(8): 2573—2585.

LI D Y, CHEN L Q. Selective variant growth of coherent
precipitate under external constraints[J].
Equilibria and Diffusion, 1998, 19(6): 523-528.

CHENG K Y, JO CY, HU Z Q. Influence of applied stress on the
y' directional coarsening in a single crystal superallloy[J].
Materials and Design, 2010, 31(2): 968-971.

ZHANG W, SMITH J R, EVANS A G. The connection between
ab initio calculations and interface adhesion measurements on
metal/oxide systems: Ni/Al,O3 and Cu/ALO;[J]. Acta Materialia,
2002, 50(15): 3803—3816.

JIANG Yong, SMITH J R, EVANS A G. First principles
assessment of metal/oxide interface adhesion[J]. Applied Physics
Letter, 2008, 92(14): 141918.

SMITH J R, JIANG Yong, EVANS A G Adhesion of the
gamma-Ni(Al)/alpha-ALO; interface[J]. International Journal of
Materials Research, 2007, 98(12): 1214-1221.

LAN Gong-qiang, JIANG Yong, YI Dan-qing, LIU Shao-jun.
Theoretical prediction of impurity effects on the internally
oxidized metal/oxide interface: The case study of S on
Cu/ALOs[J]. Physical Chemistry Chemical Physics, 2012,
14(31): 11178—11184.

KRESSE G, FURTHMULLER J, http://cms.mpi.univie.ac.at/

vasp/vasp/ vasp.html.

Journal of Phase

MURRAY J L. The aluminium-copper system[J]. International
Metals Reviews, 1985, 30(5): 211-233.

BOURGEOIS L, DWYER C, WEYLAND M, NIE Jian-feng.
MUDDLE B C. Structure and energetics of the coherent
interface between the #' precipitate phase and aluminium in
Al-Cul[J]. Acta Materialia, 2011, 59(18): 7043—7050.

L 3. 50— M s B B 7 1 e R e BRI 2 DG B A
TSR HLER]. T EA 48 44, 2011, 21(6): 1463-1472.
JIANG Yong. Strengthening mechanisms of reactive element Hf
on key interface in thermal barrier coating systems based on
first-principles[J]. The Chinese Journal of Nonferrous Metals,
2011, 21(6): 1463—1472.

JIANG Yong, SMITH J R, EVANS A G Temperature
dependence of the activity of Al in dilute Ni(Al) solid
solutions[J]. Physical Review B, 2006, 74(22): 224110.

(4mig  FTHBLD)



