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Abstract:
UV cured epoxy is promising as an insulation material for YBCO conductors
used in the 32 T all-superconducting magnet under construction at the
NHMFL. UVO-114 made by Epoxy Technology has been used as a primary UV
cured resin for initial research and development efforts. UVO-114 was coated
on copper tape as well as YBCO conductors, and UV cured successfully. The
properties of this insulation coating was tested for its mechanical and chemical
properties. In addition, for the purpose of making YBCO splice joint, a method
of removing the insulation using organic solvents has been developed. Glass
Transition Temperature was analyzed by Differential Scanning Calorimetry and
calculated to be 46.96ºC.

The Glass Transition (Tg) is the temperature when a polymer changes from a hard,
glass like state to a rubber, malleable state. Differential Scanning Calorimetry (DSC) is
an isothermal analytical technique that measures the difference in the amount of heat
required to increase the temperature of a sample pan to match that of a reference pan
as a function of time. It is important to know the Tg of the UV cured epoxy incase
thermally cured epoxy is to be used alongside.
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Introduction:
With highest field of 21.1 T for all-superconducting magnets at the NHFML, the
32 T all superconducting magnet under construction will be a major milestone
in the development of magnet science and technology. In the development of
the 32 T magnet, the reliable thin layer of insulation on YBCO superconductor
wire is critical. A thin coating of UV cured epoxy has shown great promise [1].
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Radiation curing has been a rapidly successful method for the fabrication of
high performance coatings, adhesives and plastics. During the radiation curing
process, epoxy resins absorb ultraviolet light in a photochemical reaction that
initiates cross-linking and bonds the epoxy directly on the substrate. UV-cured
epoxy exhibit outstanding mechanical and chemical resistance that is very
practical for electrical applications, with minimal waste and high energy
efficiency.
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Fig. 4 Stress vs. Strain curve demonstrating that cured
epoxy’s mechanical properties matches that of its YBCO
substrate.
Thermal Glass Transition Analysis of UV0-114
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Table 1: Ingredients of EPO-TEK UVO-114

The characterization of the UV cured coating is an important part of the effort
to control and improve the quality of the insulation coating. On the other hand,
when making a joint between YBCO wires, it is required to remove the
insulation. Therefore the development of UV epoxy removal technique that
causes minimal damage to the substrate is necessary.
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Fig. 2 MTS-250 tensile machine
modified for test at liquid nitrogen
temperature.

Fig. 3 Differential scanning
caloriometer (DSC-60).
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Table 1: Ingredients of EPO-TEK UVO-114
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Fig. 1 UV coating system

The YBCO samples are made by
SuperPower Inc. in the form of 4
mm wide, about 0.1 mm thick
tapes. About 10 um epoxy
insulation is coated by a UV
coating system (Fig. 1) on YBCO
or copper dummy tapes.
Characterization
• Removing the coating by different
solvents.
•Cleaning of uncured epoxy resin.
•Tensile and fatigue properties at
77 K. (Fig. 2)
• Determination of Glass transition
temperature (Tg) using Shimadzu
DSC-60 Series Differential
Scanning Calorimeter (Fig.3).
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Fig. 5 Differential Scanning Caloriometer (DSC)
curve. Tg calculated to be 46.96ºC.

Reaction product of
epichlorohydrin &
bisphenol A

025085-99-8

50-70%

1,4 Butanediol Diglycidyl
Ether

2425-79-8

15-35%

Summary
•UVO-114 can be removed by soaking in acetone for 5 min.
•Uncured UVO-114 may be cleaned by ethanol or acetone.
•The UVO-114 coating withstands 1000 load cycles with 0.5%
maximum strain at 77 K.
•Stress-strain curve of UVO-114 is measured.
•Tg is measured by DSC and determined to be >45ºC. It is
consistent with what is provided by the manufacturer.
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Results
Table 2: Uncured UVO-114 solubility and coating removal experiments
Solvent

Solubility of uncured resin

Removal of coating
5 min. delamination, pealed off. P

Acetone

Soluble (and miscible) P

Isopropanol

Soluble upon vigorous stirring,
60 min. slightly dissolved
resulting solution is slightly opaque.

Ethanol

Soluble- dissolved with slight
stirring. P

15 min. no effect

Toluene

Slightly soluble

30 min. no effect

Acetylacetone Soluble

Attacks both coating and Cu on
conductor

Fatigue tests: 1000 load cycles with 0.5% strain,
delamination or cracks observed.
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