Electroless Ni-P Plating REBCO
Kevin Jiang1
1Lawton

Chiles High School, Tallahassee, FL 32312

Introduction
No-insulation magnets have emerged as an alternative to high Tc superconducting
magnets with self-quench-protection, reduced volume, and high current density.
However, they are not without disadvantages, namely long charging time and high
field-ramp-loss. By increasing the turn-to-turn contact resistivity Rc, these
disadvantages can be reduced. This can be achieved by coating REBCO tapes with
a more resistive material than the copper stabilizer layer. While a high Rc value is
desirable, control is necessary. Too high an Rc- will eliminated its quench-protection.
As such, an adequate coating material is needed as well as a coating method that
allows for control over Rc-.
Previous coating methods tested included nickel electroplating, chromium
electroplating, and stainless steel physical vapor deposition. The electroplating
methods had no appreciable effect on Rc and while Rc values for the stainless-steelcoated samples were in the target range, the coating process is very expensive. In
this research, electroless Ni-P plating was tested as an alternative coating method.

Methods
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(right) Nickel electroplating setup. The
REBCO sample is suspended in solution
and acts at the cathode. The anode at right
is a bar of nickel.

The electroless Ni-P plating solution was manufactured by Caswell Inc. For the first
set of samples, REBCO tapes were hung from a steel wire in the plating solution,
the steel wire acting as a chemical catalyst. Plating was done at 90°C. In addition,
the approximate average thickness of the coat was calculated using the following
formula:
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A bare tape sample is aligned and mounted on a plate of G-10 (left). A G-10
block is centered on top of the two samples and mechanical load is applied with
an air cylinder driven by pressurized nitrogen gas. The sample is submerged in
liquid nitrogen for the test (right). Rc values were measured between 3 psi and
120 psi.
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is the density of the coat (density of nickel used as conservative

estimation of Ni-P),
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(left) REBCO sample in electroless Ni-P
solution hanging from catalytic steel wire.
The presence of hydrogen gas bubbles
indicates the reaction is underway.
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Surface images of REBCO samples with no coat (left), a 2µm Ni-P coat (middle)
and an 1µm composite coat of electroplated nickel and Ni-P (right). On the
sample coated solely with Ni-P (middle), the lighter spots are believed to be
exposed copper.
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Rc function of Ni-P plating time. Variation in Rc values is due to contact pressure
dependence. Rc generally increases with coat thickness. Greater coat thickness
also tends to lead to greater variation.

Conclusion

Substrate (Hastelloy C-276)

Electroless Ni-P plating combined with nickel electroplating appears to be a
viable method of increasing Rc of REBCO tape. The measured Rc values were
within an acceptable range and could be controlled by changing the thickness of
the coat.
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