Combinatorial chemistry – high-throughput methods for developing new materials

Combinatorial Chemistry methods have revolutionized the pharmaceutical industry resulting in dramatically reducing the time needed to develop new drugs.  More recently, there has been interest in adopting similar techniques for the development of new materials.

Your company specializes in developing and producing coatings for a wide range of applications (cars, houses, commercial buildings, cell phones, aircraft and a wide range of industrial applications). 

The longevity (durability) of a coating system is obviously a critical performance characteristic of any coating, particularly those that are exposed to outdoor environments.  The current process for evaluating the durability of a new coating system is both long and labor intensive.  Newly developed polymers (which are the heart of the coating) need to be synthesized in the lab, formulated into a paints, applied and cured into a coatings (typically coating systems are multilayered), exposed to actual or simulated use conditions, and finally assessed for durability (e.g. color change, gloss change, cracking, blistering).

As polymer chemists, your team needs to identify a high-throughput process that will dramatically reduce the time and labor required to evaluate the durability of new resins and coatings.

Hot Dip Aluminizing of T409 Ferritic Stainless Steel

Aluminized ferritic stainless steels, mainly T409, are used in most automotive exhaust systems.  This aluminum-coated product is produced by a hot-dipping the annealed T409 substrate in a molten aluminum bath.  The aluminum layer on the product provides improved oxidation and corrosion resistance, and an improved surface appearance for automotive exhaust systems in comparison to straight T409 product.  However, in this process, there are areas of the material that have defects referred to as bare spots, black spots, etc.  These defects are not acceptable to many customers in making automotive parts.  Therefore, the objective is to identify the stainless steel process variables and aluminizing variables that influence the formation of these defects, with the objective of eliminating them.

Chrome-Look coatings

Chrome appearance remains popular even as plastics continue to emerge as the material of choice in many applications.  Chrome-Look refers to the appearance achieved by the electroplating of substrates to produce such finished products as chrome wheels and chrome bumpers for automobiles.  Coatings are available that claim a Chrome-Look for plastics and other substrates but the cost of the application process prohibits the widespread use of these coating systems.

Your company specializes in developing and producing coatings for a wide range of applications (cars, houses, commercial buildings, cell phones, aircraft and a wide range of industrial applications). 

As polymer chemists, your team needs to identify a proposed coating system and application process that can produce a high quality chrome appearance at low cost.  The proposal should include the identification and detailed description of the proposed coating material and application process along with the rationale (e.g., relevant examples or literature citations) as to why the proposal will work.

Crucible materials for the growth of high purity SiC single crystals

Growth of high purity SiC single crystals requires temperatures in excess of 2300C and a pressure of 5-10 torr in an atmosphere of Ar or Ar+H2.  Growth commonly takes place in a closed graphite crucible.  The high purity graphite used for construction of the growth cell has boron concentrations on the order of 1 ppm.  This is enough to contaminate the SiC crystals and cause them to be p-type semiconductors.  Propose alternate materials for use in constructing a high purity growth cell.  The target boron concentration for furnace components is 1 ppb.  These alternate materials must not introduce contamination from nitrogen.  Consider material availability, cost, compared to graphite, including both acquisition costs and useful lifetime of the components, machinability, compatibility with carbon fiber insulation, and thermal expansion mismatch with the SiC crystal.

Amorphous silica feeder system for light bulb coating

For the past 15+ years, your company has been coating the inside of its incandescent light bulbs with amorphous silica.  The powder (approximately 1 to 5 microns average particle size) is placed in flexible-walled feeders and discharged in small amounts (tenths of grams) out of a feeder screw.  The powder then drops into a high pressure air venturi and is blown through plastic tubing into a salt shaker head that distributes it onto the inside wall of the glass bulb wall electrostatically.  These feeders are generally used in the food and pharmaceutical industry, where the particle size may be much larger.  Your sister plant in France uses a fluidized bed approach to contain and deliver the powder. These containers have tried here in the past with marginal success.  One possible reason for the limited success is that the silica contains a small amount of moisture (4 to 7%); the fluidized bed tends to dry out the material and cause static charge build-up, which consequently affects the coating quality.  Also, the plant in France uses powder that contains components for hiding power (clays, TiO2, etc.); these affect the lumen output of your lamps.  There are over 22 lamp making machines, with at least 4 of hoppers per machine used to manufacture close to 2 million incandescent lamps per day.  Propose a design for a new feeder system; be sure to carefully consider its cost.    

High temperature adhesives for SiC seed crystals

Growth of single crystal SiC depends heavily upon the attachment of a seed crystal to the top of the graphite crucible that encloses the growth process.  Attachment of the seed not only secures it in place physically, but provides uniform thermal contact with the seed holder ensuring uniform thermal gradients across the seed.  The current attachment method involves forming a thin molten layer of sucrose between the seed and the crucible lid, with subsequent carbonization of the sucrose.  The resulting bond withstands growth temperatures in excess of 2300C, but contains numerous voids due to outgassing of water vapor during the carbonization process.  The resulting voids induce defects in the growing crystal.  Suggest alternate high temperature adhesives that could be used in place of the sucrose.  Contamination from metals other than Si must be strictly avoided, as well as contamination from B.  Discuss the ability of the adhesive to prevent void formation, as well as its thermal expansion match with SiC and graphite.

CVD process design for growth of BaSr titanate thin films

BaSr titanate thin films are being considered for a variety of uses in next generation radar systems.  These films must be deposited on high resistivity SiC substrates, or on GaN thin films previously deposited on the SiC.  Films are currently grown by molecular beam epitaxy, but growth rates are very low, making film thicknesses in excess of 1 micron difficult to achieve.  An alternate technique for oxide film growth is chemical vapor deposition.  This technique can have significantly higher growth rates, but is not commonly used for oxides.  Design a process for CVD growth of BaSr titanate thin films.   Consider cost and availability of gas and liquid phase precursors for Ba, Sr, and Ti, and assess health and safety issues associated with the use of each.  Recommend precursors for each based on H&S concerns, as well as cost.  Recommend safety equipment needed for the use of each preferred precursor as well as process exhaust abatement equipment for the CVD system.

Thermal Shock Resistance of High Purity Fine Grained Alumina

Sintering of commercial PZT components occurs at 1250°C.  At this temperature, the vapor pressure of PbO is so significant that the components must be encased in high purity technical grade alumina to insure full densification occurs.  These fine grained alumina crucibles are expensive and have poor thermal shock resistance to withstand the sintering cycles of the PZT components.  Propose possible solutions to this problem.

[image: image1.jpg]



955 alloy mold material for GlassBlockR pressing

Your company uses a high copper / nickel / aluminum cast alloy, 'chilled" on one surface as the material of choice for molds during the pressing of GlassBlockR units. 

The likelihood of failure, thermal or corrosive, increases as the use of the mold increases. At times, this phenomenon occurs within the first few days of use, in particular, on molds that have a more complex geometric shape rather than a flat plate style.

The problem has been defined as a "heat check".  The possibility exists that corrosion is an underlying mechanism responsible for the appearance of the cracking. 

All molds are subjected to thermal cycling, most notable during 'heat-up' times prior to being put into use.  Molds are maintained in sets and the glass contact surface is machined, removing 0.050" material each time it is recut.

Molds typically are swapped once per 24-hour period and are then cleaned using a step-down reciprocating polishing procedure of various size grit wet paper ending with 600 grit.

Identify the root cause of the failures and determine corrective action measures.  Also, are there  other alloys that are economically viable alternatives to the current 955 alloy?

Corrosion of Refractory Brick in PZT Manufacturing

Sintering of commercial PZT components occurs at 1250°C.  At this temperature, the vapor pressure of PbO is so significant that the components must be encased in high purity technical grade alumina to insure full densification occurs.  However, PbO-containing gases escape and attack the refractory brick.  Over extended time, the refractory brick is severely corroded and must be replaced at significant expense.  Propose a solution to this problem.
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Corrosion of High Alumina Brick








