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Metallurgy:

Crystal Formation:
Crystals are solid materials composed of atoms, ions, or
molecules arranged in a highly-ordered pattern. These
structures have geometric characteristics as well as
facets, or smooth, reflective faces.

Metallurgy studies the physical and chemical
behavior of metallic elements and their mixtures,
which are called alloys. Alloys typically exist in a
solid or liquid state.
The practice of metallurgy helps
scientists investigate unique
properties in these compounds that
could have practical and beneficial
applications.

Superconductor:
A superconductor is a material that allows electricity to pass
through it without resistance, normally at very low
temperatures. As well, the material is able to demonstrate
the Meissner effect, which is the expulsion of a magnetic
field from the superconductor during its transition into the
superconducting state.

What Is YBCO?

Crystals can be formed by many methods,
including molten metal flux, direct reaction
of elements below a melting temperature,
from a stoichiometric melt, and more.
Crystals even form naturally as minerals
under certain circumstances, such as salt (a
combination of sodium and chloride: NaCl).

Overview

YBCO is an acronym for YBa2Cu3O7 which contains Yttrium, Barium, Copper, and Oxygen . It is a
high-temperature superconductor with a superconducting temperature of 92 Kelvin (-181
Celsius). Its discovery launched the era of high temperature superconductors. It was the first
superconductor to break the liquid nitrogen barrier, i.e. the first to be superconducting at a
temperature high enough to permit the use of liquid nitrogen as a coolant. Because liquid nitrogen,
at 77K, is significantly less expensive than liquid helium, YBCO made a large number of
commercial applications achievable for the first time. Yttrium barium copper oxide is used
commercially in the production of superconducting tapes and microwave filters.

3. Intermediate Firing(s)
To ensure that the elements of the compound were properly mixed we crushed the pellet pieces
into powder again. The powder was reformed into a whole pellet using the hydraulic press. Our
heating process began at room temperature and increased 200 degrees Celsius per hour until the
oven reached the temperature of 920 degrees Celsius. The oven maintained 920 degrees Celsius
for 1 day. Afterwards the oven began to cool at 200 degrees Celsius per hour to room temperature
as it did during calcination.

Equipment
To make and demonstrate superconductivity with an yttrium-barium-copper-oxide
superconductor, you will need:
● Yttrium Oxide
● A Hydraulic Die press
● Barium Carbonate (TOXIC)
● An Oxygen Source
● Copper Oxide
● Liquid Nitrogen
● A Laboratory Furnace
● A Rare-Earth Magnet
● Labware made of Alumina (Al2O3)

Method
There are a number of methods for producing superconductors like this, but the simplest is the
so-called “shake and bake” method, which involves a five-step process:

1. Mixing the chemicals
We began by obtaining our 3 powdered ingredients and measuring
them into the following amounts:
● Yttrium Oxide, Y2O3 – 1.004 grams (white in color)
● Barium Carbonate, BaCO3 – .2821 grams (white in color)
● Cupric Oxide, CuO – .607 grams (black in color)
These amounts were calculated proportionately, based on the starting
weight of the Yttrium Oxide.
The starting compound became a grey powder that was made by thoroughly
mixing the 3 elements with a mortar and pestle. The mixture was then placed
into a hydraulic press using 3 tons of pressure for 10 minutes to form a
pellet. The pellet was in a small number of pieces after this first press, but to
no consequence within the procedure, as it would be crushed and re-ground
in later steps.
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4. The Final Oxygen Annealing
We crushed our sample into powder again, and reshaped the mixture into a pellet using the
hydraulic die press for one more firing. The annealing process involves oxygenating the pellet by
heating the sample for a period of
time under flowing oxygen, and then
allowing it to cool.
In this step, our pellet was heated to 800
degrees in a specialized oven known as
a tube furnace. The tube furnace allows
oxygen to flow over the sample as it is
heated, infusing it with the gas. We ran the
heating process for one day, then let the
sample cool.
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5. Testing the Compound
We placed the pellet upon an inverted plastic sample holder, and set these inside of a foil dish. We
began to carefully cool the pellet with liquid nitrogen, so that the foil dish collected the nitrogen run
off. After the application of liquid nitrogen, we placed a cubed rare-earth magnet above the pellet.
We found that the cubed magnet would have to be placed in a particular position in order for the
magnet to levitate (or “pin”) over the YBCO. Once pinned, we could spin the magnet as it levitated,
so long as we were careful not to push the cube from its pinned state.

2. Calcination
Calcination is the process of heating materials to high temperatures in air or oxygen. For the initial
heat treatment, we placed the pellet pieces into a dish-style crucible made of alumina. Our
heating process began at room temperature (76o C) and increased 200 degrees Celsius per hour
until the oven reached the temperature of 920 degrees Celsius. The oven maintained 920
degrees Celsius for 4 days. Afterwards, the oven began to cool at a rate of 200 degrees Celsius
per hour till room temperature. The result of this first firing was porous, dark gray pellet pieces.

Conclusion
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This experiment shows that instead of the magnet settling down on the surface of the superconductor
(YBCO), the magnet will simply “float” a few millimeters above the supercooled pellet. This is a
demonstration of the Meissner effect, a phenomena that will only occur when a material is cold
enough to fall into its superconducting state. At temperatures above the
transition to the superconducting state, magnetic fields can pass through
the material normally. Once it is cold enough to super conduct, however,
those magnetic fields are expelled. Any magnetic fields that were passing
through must instead move around the superconductor. When a magnet is
placed above a superconductor at or below its critical temperature, the
superconductor expels the field, causing the magnet to “float” above it.
Fig. 1 “Magnetic Levitation.” Wikipedia, Wikimedia Foundation, 10
July 2018, en.wikipedia.org/wiki/Magnetic_levitation.
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