Synthesis Techniques for Crystalline Intermetallics
Mentor
Dr. Ryan Baumbach

Adil Demirleng
Tallahassee School of Math and Science
Tallahassee, FL

Jeannette Scullion
Orangewood Elementary
Fort Myers, FL

Graduate Research Assistant
Lucas Nelson

The main function of this lab is to study intermetallic crystalline materials with strong electronic correlations. This is achieved through
synthesis of poly- and single crystal specimens and characterizing their structural, chemical, and electronic properties.
Why Crystal Growth?

Solid state reaction technique for polycrystal synthesis:
The solid state reaction technique is a method to produce polycrystalline specimens
(Withers). This is accomplished by mixing powders of starting material, compacting
them into pellets, and reacting them at temperatures below the melting point of the
mixture. This is typically accomplished using a resistive furnace.
Trial 1 – Pellets of the high temperature superconductor YBCO (Withers).
YBCO (YBa2Cu3O7) is composed of yttrium, barium, copper and oxygen. It is a high
temperature super conducting material. (Withers)

Czochralski technique for single crystal synthesis:

A crystalline solid is a highly organized material with a repeating arrangement of atoms or
molecules with bulk electronic properties which are distinct from that of its most basic parts.
Such systems are of interest because they host a multitude of emergent behaviors (e.g.,
metallic states, magnetism, superconductivity), which not only frame our understanding of
nature but also have important practical applications. In the lab of Dr. Baumbach, we study
highly correlated electron materials such as super conductors, topological insulators and
frustrated magnets. A central purpose of this work is to ultimately be able to predict the
properties of different combinations of elements, i.e., materials by design.

The Czochralski technique is a method by which single crystals are grown (Cheung).
An alumina or tungsten rod is lowered into a crucible containing a molten mixture and
pulled out of the mixture slowly (less than 1 to 2 mm/hour). In order to keep the mixture
hot, an RF (radio frequency) furnace is used. (Fig. 4)
The components of the RF furnace include a water cooled copper coil, a power supply,
argon and a gas purifier.
The Czochralski growth apparatus we utilized for our procedures was built over the
course of nine months by Dr. Baumbach and his team, costing 1/5 of the price of a new
apparatus. A part of the work preformed in the RET program contributed to this effort,
and several growth experiments were performed.

The precursor materials for YBCO and the calculations are as follows:
Barium Carbonate
BaCo3 = xg ≈7.954g

Trial 1 – A piece of nickel shot was placed into a tantalum wrapped alumina crucible.
The nickel was heated to a temperature of approximately 1,455o C under an atmosphere
of flowing purified argon gas. Although the nickel and tantalum reacted and the test had
to be halted, this test proved that heating to such temperatures in this system is
straightforward, and set the stage for further experiments.

Yttrium Oxide
Y2O3 = _____xg_____ . (88.91.2+16.3) . ¼ = .281xg
137.3+12+3(16)

m

Copper Oxide
CuO = _____xg_____ . (63.55+16) . 3/2 = 6.048xg
137.3+12+3(16)

Trial 2 – A piece a silicon was placed into a niobium foil wrapped alumina crucible and
lowered into the apparatus. The silicon was heated to a temperature of approximately
1,414o C. Once molten, an alumina rod was lowered into the liquid silicon and slowly
pulled out (4 – 5mm/hour). A crystal was formed at the end of the rod (Figs. 5 and 6).
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Trial 3 – A mixture of cerium and copper were placed into a niobium foil wrapped
alumina crucible. The mixture was heated to a temperature of approximately 900oC.
Several attempts were made to pull a crystal utilizing an alumina rod, however the
heavy oxidation on the cerium prevented this.

Resistivity of YBCO

References:
Fig 1.J Shaikh Md. Rubayiat Tousif, Shaiyek Md. Buland Taslim. “Preparation,
Verification and Finding Out of the Critical Current of Thin Sample of YBCO
Compounds.” International journal of Scientific & Engineering Research Volume 2,
Issue 3, March-201
Fig 2. “Thick YBA2CU307 Films with improved parameters for superconducting
coatings.” Web. 19, July 2016
Withers, Neil. “YBCO – Yttrium, Barium, Copper, Oxide. Chemistry World. 8 May 2013

YBCO LEVITATING A MAGNET
(Fig. 1)

(Fig. 2)

(Fig. 3)

CZOCHRALSKI
PROCEDURE USING
THE RF FURNACE
(Fig. 4)

Preparation of YBCO

Cheung, “Czochralski Crystal Growth.” Web. 19, July 2016
Acknowledgements:
Dr. Ryan Baumbach – Thank you for hosting and mentoring us in the studies we
conducted at the Florida State University MagLab. We also thank you for the patience
and guidance you have provided us.

The yttrium oxide, barium carbonate and copper oxide are dried in a furnace at a
temperature of 400o C for 12 hours to remove any excess moisture that may be present.
On day two, the now dry materials are then weighed out and mixed in a mortar and
pestle. The mixture is then pressed into a pellet and reacted in a furnace set at
920o C for 4 days.
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allowing us the hands on experience of mixing the compounds, pressing the pellets and
much more.

The mixture is then removed from the furnace, ground and mixed using a mortar and
pestle, pressed into a pellet and placed back into a furnace set at 920o C for 1 day. This
procedure of mixing, preparing pellets and placing in a furnace is repeated 3 more
times to make the mixture homogeneous.
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Finally, the pellets, which are now polycrystalline YBCO, are placed in a furnace at
450oC under flowing oxygen in order to optimize the oxygen content.
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The YBCO pellet is cooled using liquid nitrogen and then tested for superconductivity by
placing a magnet above the pellet and observing if the magnet levitates (Fig. 3).
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