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Abstract

The quantitative research of deformation, dislocation density and aging strengthening in Al-Cu-Mg
alloy during artificial aging was studied by tensile test, X-ray diffractometry (XRD) and transmis-
sion electron microscopy (TEM). The results indicate that the pre-deformation increased the dis-
location density of the alloy hot-rolled plate, refined the size of precipitated phase, improved the
strength of alloy and reduced the time of peak aging. The dislocation density measured by TEM
line intersection method and XRD profile method becomes higher with the increase of predefor-
mation and the increase rate is gradually decreased. Finally it tends to saturation, and the function

model of dislocation density and pre-deformation is established: p =1.28—1.08¢*'%. According to

the experimental data, the curve of dislocation strengthening caused by pre-deformation and dis-
location density is made, therefore, the dislocation strength of 67 MPa of the alloy hot-rolled plate
at solid solution state is obtained, which accounts for 27% of strength of the alloy at solid solution
state. And we obtain the relationship between dislocation strengthening and dislocation density:

o, =150p"2.
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Table 1. Chemical composition of the investigated Al-Cu-Mg alloy hot-rolled plate (mass fraction/%)
72 1. KA Al-Cu-Mg & & AELIRBVILZE A5 (FRE 7 8U/%)
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Figure 1. The FWHM of the sample with 5% pre-deformation after artificial aging 6 h plotted (a)
according to equation (1) and (b) according to equation (4)
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Figure 2. Schematic diagram of TEM line intersection method to determine dislocation density
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Figure 3. Mechanical properties of the sample with various pre-deformation after artificial aging
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Figure 4. TEM micrograph of the sample with various pre-deformation at peak aging: (a) 0%; (b) 2%; (c) 5%
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Figure 5. Dislocation morphology of the sample with various pre-deformation after artificial aging 12 h: (a) 0%; (b) 2%; (c) 5%
& 5. PEMERIAEATLR 12 h FAsER A (a) 0%; (b) 2%; (c) 5%
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Figure 6. The relationship between dislocation density and pre-deformation

6. fI$EEESMERERIX RihLE

LIk XRD BV 00 75 (0 A i o L AR TR T B 3G T oK, O3 A OB T, et T,
PRI A IS R AT € 2, AU EEAE LR AT Ay o PR ik R N B J3E T B A2 MR
LA B /NI IR[13] . A AR S RN, BB SRS AN AR LR X SRS 2 TRl U6 2 5 AR L okt

)



Al-Cu-Mg G MTALTE . o8 % 2 5 A A A I s AT 5T

/N, GBS XRD BRI B AR ZEHOR s AL BRI, B TR Goit i) TEM S A2 20323813 1 45 2R
DI e DA 56 4 S B SRR o DRI, A ST R dn S B Dk 5 7 i 8 R (R Bl s > 4 2 FE /NI (R T /)
T 2%), i H TEM WA& A2 Ak I B AR s A0 % BUR I (TR & KT 2%), ML XRD B 2k & 4f .

B A LA 2% B S T TE B R a1 6 R i ZRATR. MR¥E ] 6 i 26515 B0 EE % % 5 TR T

BRAN:
p=1.28-1.08e"07 (6)
Arbp ML, ¢ TR E.
3.4. R BESAERILRIXR
R AL R R I S
Oy =04+ A0y, (7
Kb oy NEES G WM B, Aoy NIURTE AR AT 8. Aoy Sl 21 F K &R
Ao, =0, —0, ®)

P o ATRTE AR R IRGRSE oy AR SR JE AR R . RIS LIS RIRAT Aoy — p AN
7R, AR Aoy SALHE LR RS A -

Ao, = f(p)=150p"" - 67 9)
YT RR(ORNTTFE(T) A7 1)
Oy =04+ | (p) (10)
ik p=00F, o4=0, Fri
o0 =—F(p=0) (11)
Hr f(p=0) 2 Aoy — p MRS PSRN AE s, JEIb AT 1344 Al-4.5Cu-0.88Mg & 6 HALIR
FEEAS AL H A E S 67 MPa, (& & BER SN 27%. RN (10)= 1A 453 Al-4.5Cu-0.88Mg &
S RIAS SRAL S RS B RE IR RN
oy =f(p)-f(p=0)=150p" (12)
120
100+
80
%" 60}
g% 40}
20+
ol

02 04 06 0.8 10 12 14

Dislocation density, 10"*m™

Figure 7. The relationship between dislocation streng-
thening caused by pre-deformation and dislocation density

7. PR R RSB SR R Y X AR [E

()



AL-Cu-Mg & & M0V 6838 5 (0 B S 5 T

4, L&

1) BRI 1 & S REURRA 2L, S AT ARG N R B, B T AR, i T
Sk B e (i I AR (]

2) KM TEM RIS AZLRIE AT XRD 2 I 45 0 1 8 5 P #S Bt o PR TE R X 39 iy 389K, 18 s %08
W, BRZGETHA, @A T LR S TR BB p =1.28-1.08e7%¢ .

3) MR SEIR R VE th 1 PR 7 A ) (L i A il o (o 8 5 L PR Ok AR 2R B, AR 3 1 A LR

EVAZS LA AL E N 67 MPa, & & FERSSREEN 27%, R T G e SO B RN LR
o, =150p"% .
EEemHE

[ 5K s AR T &k L RI(973 1R E (w5 2012CB619500); [E XK H AR 24 (5 -
51375503) .

SE#k (References)

[1] Heinz, A., Haszler, A., Keidel, C., et al. (2000) Recent development in aluminum alloys for aerospace applications.
Materials Science and Engineering: A, 280, 102-107.

[21 F&EHE, £ (2013) FIEHIREI GG ENERQ). ZE20 LK, 9,1-10.

[3] Muthu, K.S. (2011) Evaluation of precipitation reaction in 2024 Al-Cu alloy through ultrasonic parameters. Materials
Science and Engineering: A, 528, 4152-4158.

[4] Badini, C., Marino, F. and Verné, E. (1995) Calorimetric study on precipitation path in 2024 alloy and its SiC compo-
site. Materials Science and Engineering: A, 191, 185-191.

[5] Shih, H.C., Ho, N.J. and Huang, J.C. (1996) Precipitation behaviors in Al-Cu-Mg and 2024 aluminum alloys. Metal-
lurgical and Materials Transactions A, 27, 2479-2494.

[6] M=, Xizk, Ehh, 4 (2010) FiALHNT 2124 486 WO G AR I S0 45 74 5 J1 5 I RE s n). A7 8L L FE, 2, 81-

85.
[71 B, BRiETs, 25, 5 (2012) WIAGIREXT 2124 & SRR RAT RS T RE IS, A8 LFE, 10,
63-67.

[8] Zhang, J., Deng, Y.L. and Zhang, X.M. (2013) Constitutive modeling for creep age forming of heat-treatable streng-
thening aluminum alloys containing plate or rod shaped precipitates. Materials Science and Engineering: A, 563, 8-15.

[9] Xu, F.S., Zhang, J., Deng, Y.L., et al. (2014) Precipitation orientation effect of 2124 aluminum alloy in creep aging.
Transactions of Nonferrous Metals Society of China, 24, 2067-2071.

[10] Ungar, T. (2001) Dislocation densities, arrangements and character from X-ray diffraction experiments. Materials
Science and Engineering: A, 309-310, 14-22.

[11] Ungér, T. Gubicza, J., Hanak, P., et al. (2001) Densities and character of dislocations and size-distribution of subgrains
in deformed metals by X-ray diffraction profile analysis. Materials Science and Engineering: A, 319-321, 274-278.

[12] Ungar, T., Dragomir, I., Révész, A. and Borbély, A. (1999) The contrast of dislocations in cubic crystals: the disloca-
tion model of strain anisotropy in practice. Journal of Applied Crystallography, 32, 992-1002.

[13] Renzetti, R.A., Sandim, H.R.Z., Bolmaro, R.E., et al. (2012) X-ray evaluation of dislocation density in ODS-Eurofer
steel. Materials Science and Engineering: A, 534, 142-146.

[14] Ribérik, G. and Ungar, T. (2010) Characterization of the microstructure in random and textured polycrystals and single
crystals by diffraction line profile analysis. Materials Science and Engineering: A, 528, 112-121.

[15] Pesicka, J., Kuzel, R., Dronhofer, A. and Eggeler, G. (2003) The evolution of dislocation density during heat treatment
and creep of tempered martensite ferritic steels. Acta Materialia, 51, 4847-4862.

)



	The Quantitative Research of Deformation, Dislocation Density and Dislocation Strengthening in Al-Cu-Mg Alloy
	Abstract
	Keywords
	Al-Cu-Mg合金的预变形、位错密度与位错强化的定量研究
	摘  要
	关键词
	1. 引言
	2. 实验材料和方法
	2.1. 实验材料
	2.2. 实验过程
	2.3. 实验测试分析方法
	2.4. 位错密度的测量方法
	2.4.1. XRD图谱分析法[10]-[15]
	2.4.2. TEM网格交线测量法[15]


	3. 结果和分析
	3.1. 预变形量对室温力学性能的影响
	3.2. 预变形量对微观组织的影响
	3.3. 位错密度与预变形量的关系
	3.4. 位错密度与位错强化的关系

	4. 结论
	基金项目
	参考文献 (References)

