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Fig.1 Al-Cu periodic laminated gradient materials: (a) schematic diagram of the gradient structure; (b) the thickness ratios of Al and
Cu layer in the Al-Cu composite layer; (c) distribution of wave impedance with position
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1.2 Al-Cu FHiEEHEMREIZ
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FHE F 500 °C, SR 5 3 ZI R L 2 485 °C IF AR 2 h, RS FE R SR, 143 Al-Cu A& 2 B R R

Organic additives

Powder ’ . Pressure
..\ e Ball-milling ! | Tape casting Laminate =¥ Hot pressing
| = = AR ===
‘ = T
Ball milling tank Planetary ball mill

B2 Al-Cu JAlIF =B BRI & e

Fig. 2 Flow chart of material preparation of Al-Cu periodic laminated gradient materials
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Fig.3 (a) Schematic diagram of flyer plate impact experiments using a light-gas gun; (b) side view of an impact experiment in which
the GDI with a diameter of 16 mm impacts a 6 pm-thick Al target and 6 mm-thick LiF window, both with a diameter of 18 mm
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(b) Particle size distribution
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Fig. 4 SEM images and particle size distribution of the pristine powders
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W3R A [ 2 B (B 080 Y8 LW 45.0%~ 54.0%; XF T4l Cu 3ok}, & &1 FN 54.0%~62.0%. M
&l 5(a) AT LA 0, Br A ALSORH 6 90 1 AU (9 5 U)AE F47, BRI BE & 57 U0 3 32 0 35 0, 26 B2 32 W
o AT R, FOBTE AT S 72 b B RAFRy i sl Me o BEE [ 2 2 A3, JRORH 00 25 B2 ) 25 3
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Fig. 5 Viscosity-shear rate curves of Al and Cu cast paste with different solid contents
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Fig. 6 Schematic diagram of the effect of binder content on the fluid vein sheet
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Fig. 7 Viscosity-shear rate curves of Al and Cu cast paste with different binder contents
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B, ORI, WoR R BB R, W R S S T AT K . BRI 45 R AN K] 8(d) A&l 8(h) T
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ki ; (&)
Al . -

P8 4l Cu 1Ll ALAE % H I9RAE: (a)~(d) Cu ER MW, SO . I THa IR,
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Fig. 8 Characterization of the pure Cu and pure Al cast vein sheets: (a)—(d) macroscopic morphology, microscopic
morphology, processed morphology and thickness of Cu cast vein sheet; (¢)—(h) macroscopic morphology,
microscopic morphology, processed morphology and thickness of Al cast vein sheet
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500 pm 500 pm 500 pm

(a) SEM image (b) Energy spectrum of Al (c) Energy spectrum of Cu
K19 Al-Cu Ji & 280 BEAT R THOR 25 1)

Fig. 9 Microstructures of Al-Cu periodic laminated gradient material
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9 B laminated gradient materials
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15540 P 51 e F 8 £4UB% (high-resolution transmission electron microscopy, HRTEM) &4 1, Al Fil Cu /i
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(a) Microstructure

1 pm

e B ——
(c) Energy spectrum of Cu (d) HRTEM image at the interface
Fl 11 Al-Cu JAIIE =R PP ELZ R AT 1) TEM EHE

Fig. 11 TEM images of the interlayer interface of Al-Cu periodic laminated gradient materials

&1 ACu AHIZEBEMRIEE R HEEEE 2R
Table 1 Energy spectral point analysis data for the interlayer interface
of the Al-Cu periodic laminated gradient materials

Atom fraction/%

Point
Al Cu C (0]
1 0 95.75 1.22 3.02
2 8.06 88.51 343 0
3 0 94.45 2.73 2.82
4 95.64 0 3.03 1.33
5 7.28 92.72 0 0

IR g $if o 3 & A A AR S 1) R, BT LA AL-Cu J5 300 280 22 6 58 6 A8k 40 S T J3 ) 22 a5 407 Wi 0 35) o
BB R 5 DA R I, Al-Cu 7 R A Ik R 500 22 5 (AL AT Cu 19 = R A ik R 50
SR 2.31x107° Fl 1.75%107° KT 22 B A2 07, Sl i, 36456 — 4k 58 B ORI AL-Cu J&] 199 2 )2 156 3 b1 A
PSP 1T o Rk 1 s g A TR R K, 10 B FC PR e A I D R s R R, A il AR T R D i B A R P AR
N ATHER/N . B 12 25 T AL-Cu JRI 2 )2 06 B A R 7 T I B 25 58 . v LA Y, ALTHRT Cu T8 A9 P47
FESNT 15 pm, AR E. XEH TE2Z2E 5 HE K Rz 200k 250 )2
JE LA e 3 2 R TR 52 I BS, AL R Cu A B i B IR RO 3R 22 5, AL A ik R B0k, i
Cu Ik RECE/N . e 2% A 2 G ARk, 24501 AL Cu M REAH B AME:, ALZ
55 Cu J2Z B R 3 5347 3450, g AR SR B s /b, DT B AT A2 45 4 ek 1) 3 AR AU Pk 2R 808t 6 R S T 1
(50
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Fig. 12 Planarity of the Al-Cu periodic laminated gradient materials
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Al-Cu A E & )FE . KF#EH 265.3 m/s k¥ b I R UE(E B 339.5 m/s, B F 3 FEH & Au, Hy
74.2 m/s, HEA N AR b KRR ] Ar, Ry 0.98 ps. SEEG I TE 5T AR B AN R - AR A
], 249 52 B AR5 b T 3, I SR I ST I 3 A% 1 LB A R AL-Cu J 391 2 46 2 ARG T Aol 28
B SR, X B BT i 2 S T i 2 e B, S 2k A N R A, 0N T BRI R 0 0 )
Aty SEI8 TN FGH R Awy N T BAE BT I T Auy o 8] 13(b) o AL-Cu Ji 1) 8 J2 06 1 b o o
6 pm J5 ALEEIS P Az R ) o LA 510.6 m/s R 4 o ALSERS, B 5 NBITHR B 3.4 GPa Hi % 4.4 GPa.

400 | — Epr:riment . 50
— Design (theoretical)
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g ! 1 g
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5 Lo
& 200 Lo 30t
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(a) Particle velocity curves (b) Stress curve

Kl 13 Al-Cu JAMEZME M RHE T 6 pm JE ALFLAI RS,

Fig. 13 Loading results of Al-Cu periodic laminated gradient material impacting Al target with a thickness of 6 um
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Fig. 14 Schematic diagram of wave propagation in the Al-Cu periodic laminated gradient materials
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of the Al-Cu periodic laminated gradient materials
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JERR AR OR TR AR R P S (WL 2), C IPEBETT S AL BYBBEBTAR 25 A K, (B Cu B P FEHTAR
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Table 2 Physical parameters of different physical phases of the Al-Cu periodic laminated gradient material

Phase Density/(g-cm ™) Sound velocity/(km-s™") Wave impedance/(g-cm2-us™")
C 2.203 4.45 9.80
Al 2.712 5.33 14.45
Cu 8.924 391 34.89
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Fig. 17 Particle velocity curves for the Al-Cu periodic laminated
gradient material after wave impedance correction
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Tape Casting Preparation and Quasi-Isentropic Loading Properties of
Al-Cu Periodic Laminated Gradient Materials

WU Yilei'?, CHEN Cheng', LI Peibo'?, ZHANG Ruizhi’*, SUN Yi"**, LUO Guogqiang'?, SHEN Qiang'*

(1. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Wuhan 430070, Hubei, China;
2. Hubei Technology Innovation Center for Advanced Composites, Wuhan University of Technology,
Wuhan 430070, Hubei, China;
3. Hubei Longzhong Laboratory, Wuhan University of Technology (Xiangyang Demonstration Zone),
Xiangyang 441000, Hubei, China)

Abstract: Periodic laminated gradient materials with independently controllable wave impedance
distributions and minimal physical phase reactions are now being used for quasi-isentropic loading.
However, the wave system action time of the currently periodic laminated gradient materials are on the order
of nanoseconds due to limitations in preparation technology, which makes it difficult to achieve loading
times of significantly larger magnitudes. In this study, the tape casting process was systematically
investigated, and large-size Al-Cu periodic laminated gradient materials were successfully prepared using a
combined technique of tape casting and low-temperature densification. The quality and quasi-isentropic
loading properties were verified through microstructural characterization and dynamic loading experiments.
The results show that the gradient structure of the material is well-defined, the interlayer parallelism is high,
the layer interface is well bonded, and that no crack defects or intermetallic compounds generated. The
material exhibits a densification of 95.8% and a total deformation less than 15 um. When the Al-Cu periodic
laminated gradient material was loaded with a 6 pum-thick Al target at a driving speed of 510.6 m/s, the
loading waveform oscillated and increased with a loading time approaching 1 ps. The loading trends of
simulation results agree well with the experimental curves through correcting Al/Cu periodic layer thickness
and Cu layer wave impedance. The materials demonstrate excellent quasi-isentropic loading characteristics.
This study provides theoretical basis, technical support and new preparation techniques for the application of
periodic laminated gradient materials.

Keywords: periodic laminated gradient materials; Al-Cu; tape-casting; low-temperature densification;

quasi-isentropic loading
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