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Abstract

The high strength conductors used in pulsed magnets in the US National High
Magnetic Field Laboratory are manufactured from Cu matrix composites. One of the
composites is made from particle reinforced Cu. The fabrication of these composite
conductors requires high deformation strain, which creates high densities of
dislocations and reduced particle spacing. Both mechanical strength and electrical
conductivity can be predicted from particle spacing and dislocation density. When
dislocation density reaches a certain value, the particle size, distribution and shape
becomes important to mechanical properties. We studied the particle size,
distribution and shape in high-strength conductors with respect to the properties of
the conductors. The two most important factors related to above parameters were
dislocations near the interface between the particle and the matrix, and the stress
concentration near the particles. By engineering these variations, the properties of the
conductors can be optimized. This paper reports our understanding of the
relationship between critical properties and particle distribution in composite
conductors for high field pulsed magnets.
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Fig. 1. SEM cross-section image taken by an in-
lens detector showing microstructure of as-
received GlidCop. Sample was cleaned by ion-
beam to reveal the Cu grains. Cu cladding is at
the upper left area and Cu+ alumina is at the
lower right area. The image shows the size
variation of the alumina particles.
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@ig. 2. SEM longitudinal cross-section image and EDX
mapping of Cu+ alumina.

(a) SEM image taken by backscattered detector; (b)
Aluminum mapping; (c) Oxygen mapping; (d) Copper
mapping. The dark clusters in Fig. (a) correspond to
areas rich in both aluminum and oxygen, indicating
the presence of alumina. In the imaged area, the
minimum alumina size is about 5 nm and the
maximum reaches 5 um. The image also shows that
the alumina is not distributed homogeneously. Larger
particles are mainly found in the right-hand of each
imaged area.
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Fig. 3d . The micron bar is the same as in Fig. 3e. d. Cross-
section SEM backscattered image showing alumina particle

distribution in location A in Fig. 3a.
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Fig. 3e. SEM backscattered image showing alumina particle
distribution in location B in Fig. a.




CID:ig. 3. Particle distribution in longitudinal cross-section of an
as-received GlidCop Al60 (particles greater than 80 nm were
showed in Fig a. the scale bar in Fig.s c and d is the same): a.
Particle size distribution in an area between 20 um and 2000
um away from the Cu cladding area; b. Particle volume
fraction distribution in the same region as Fig. a; c. Particle
frequency distribution in the same region as in Fig. a; d.
Cross-section SEM backscattered image showing alumina
particle distribution in location A in Fig. a; e. SEM
backscattered image showing alumina particle distribution in
location B in Fig. a. Images and data show that the size varies
significantly, but the volume fraction remains similar in
different regions.
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Fig. 4. Typical true stress-strain curves of as-received (thin orange line) and as-
drawn samples. For as-drawn samples, the strain hardening rate, which is the slope
of the stress-strain curves, becomes negative at strain of 2%. Strain- hardening rate
remains positive at strain values greater than 15%.




TABLE I
PROPERTIES OF GLIDCOP AL60 AFTER DRAWING

YS TS ef (%) RA Cond
(MPa) | (MPa) (%) | (%IACS)
524 565 7 42

RT Data * 111

82

No. of Tests E:j! 80 82 75 29 38
6 29 23 3 18 1

77 K Data gmwie 655 733 13 34 357

No of Tests [N 144 146 115 46 38

7 37 29 3 16 13




*RT Data :Test conducted at room temperatures

**Stdev: Standard deviation of the tests

E: Elastic Young's modulus

YS: Yield Strength

TS: Tensile strength

ef: Elongation at fracture

RA: Reduction in Area at fracture

Con: Conductivity in International Annealed Copper Standard
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= SUMMARY
ALUMINA PARTICLES IN GLIDCOP CONDUCTORS WERE EXAMINED BY AN FEG
SEM. IN IMAGES TAKEN BY BACKSCATTERED ELECTRON DETECTORS, SMALL
ALUMINA PARTICLES SHOW DARKER CONTRAST THAN THE MATRIX. IN IMAGES
TAKEN BY SECONDARY ELECTRON OR IN-LENS DETECTOR, HOWEVER, THESE
PARTICLES MAY SHOW BRIGHTER CONTRAST. PARTICLES IN SIZE RANGING FROM 5
NM TO 5 pM, WITH MOST IN NANOMETER SCALES, ARE DISTRIBUTED ALONG THE
WIRE DIRECTION. THE LARGER PARTICLES, WHICH FORM A SMALL VOLUME
FRACTION, ARE SPARSELY DISTRIBUTED IN THE MATRIX. INCREASING ALUMINA
VOLUME FRACTION AND COLD-DEFORMATION-STRAIN ENHANCES YOUNG’S
MODULUS AND MECHANICAL STRENGTH. AT 77 K, GLIDCOP CONDUCTORS SHOW
HIGHER VALUES FOR YOUNG’S MODULUS, YIELD STRENGTH, TENSILE STRENGTH AND
ELONGATION THAN AT ROOM TEMPERATURES. THE REDUCTION-IN-AREA AT
FRACTURE, HOWEVER, REMAINS THE SAME. THIS INDICATES THAT OVERALL
DUCTILITY REMAINS THE SAME, BUT STRAIN HARDENING RATES ARE HIGHER AT 77
K THUS ENHANCING MECHANICAL STRENGTH AND HOMOGENEOUS ELONGATION
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