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Abstract

The transmission electron microscope (TEM) is extensively used in medical research because of its high magnification and resolution capabilities.  One drawback of the TEM is its small field of view, which requires more time to identify points of interest on a biological sample.  Phase I of this project developed a cryogenic optical microscope (OM) that maintained the sample below the temperature of -140º C for 10 minutes, far below the desired 40 minutes. In Phase II a new dewar design was implemented which uses Nanogel as an insulating medium and offers an estimated operating time of over 30 minutes. This estimate was determined with the aid of 3 Dimensional Transient Analyses. Additional testing at Harvard Medical School will update and confirm an actual operating time.  The goal of this project is to obtain a picture of the sample with the optical microscope and the electron microscope.
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The Need for Project 

	An efficient way to study the Polio virus utilizing TEM and OM microscopes at cryogenic temperatures.

	The scientists at Harvard Medical School are investigating the Polio virus and a optical microscope is required that can maintain the Polio sample at a temperature less than -140°C for approximately 40 minutes.  This timeframe gives scientists enough time to gather sufficient images of the sample and mark key points of interest to be viewed with the TEM. The development of the cryogenic microscope will make studying all types of viruses much easier and efficient.



The Design Project Objectives and Requirements 

	The objective is to maximize the working time of an optical microscope operating at cryogenic temperatures while minimizing vibrations.
	Design Objectives

The objective of this project is to design and construct an optical microscope that operates at cryogenic temperatures to maintain the integrity of the sample being observed. The sample is encased in vitreous ice and must be maintained at a cryogenic temperature colder than -140º Celsius using liquid nitrogen, which boils at -196º Celsius. As with any microscope, vibrations in the system have an adverse affect on the image seen, and must be minimized. Due to the nucleate boiling of the liquid nitrogen and resulting vibrations, no liquid nitrogen should be present in the microscope during viewing time. 

Design Requirements
         Requirements for the design included eliminating vibrations, maintaining cryogenic temperatures for 40 minutes, and being able to “reset” the microscope to view a second or third sample within a reasonable timeframe.


Design Concepts considered 

	Three initial design concepts were considered and parts of each were implemented in our final design concept.
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	Three initial designs concepts were considered and researched to determine the most effective direction of the project.  All designs are based on the concept of using a copper slug as the thermal mass to maintain the sample’s temperature bellow -140°C .The copper is initially cooled using liquid nitrogen prior to introducing the sample into the microscope.  Each concept is explained briefly below, with accompanying sketches.

Vacuum Thermos Concept

In this concept a vacuum chamber around the sample was used to   insulate it.  A vacuum is one of the best insulating mediums but it was found that machining the design with a vacuum chamber would be nearly impossible, and therefore this was rejected.  While the vacuum part of this design concept was not feasible, the use of a thermos type design with a different type of insulation other than a vacuum was deemed appropriate for future design concepts.
Refrigerator Concept

The refrigerator concept included a coil around the original design that would cycle liquid nitrogen boil-off vapor that in theory would cool the ambient air around the microscope, making the heat transfer slower than without the coil.  When researched and discussed, it was found that the vapor would not only create vibrations, but would warm too quickly to make this concept feasible.

Dry Ice Concept

This design included a chamber directly below the copper slug and sample tray that housed dry ice slurry (dry ice within an alcohol bath) that would act as a buffer and insulate the sample from the bottom.  This design was found to cause too many vibrations, which adversely affected the image being captured by the optics.  The dry ice was insufficiently cold (-78.5°C), and would act as a heat source rather than a heat buffer, causing the temperature in the sample area to increase at a faster rate than it would without the slurry.
Using a 3D Transient Analysis software tool, COSMOSWorks, we estimated how long each of the designs would maintain the sample at below 140° C.  When compared, the vacuum design outperformed the other 2 designs; even when substituted still air instead of the vacuum chamber, this design maintained its temperature for 50 minutes.


Recommended Design Concept 

	The recommended dewar has a larger thermal resistance through the use of Nanogel and increased thermal mass due to the larger size of the copper slug.
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	Redesigned Dewar

       This design was based on the same principles as the Thermos Concept, but used Nanogel insulation instead of a thermos seal. The thermal conductivity of Nanogel is 0.018 W/m-K at 25° C, 30 % less than air’s thermal conductivity of 0.0257 W/m-K.  The lower value for thermal conductivity reduces heat loss significantly lengthening the viewing time and minimizing nucleate boiling and vibrations. 
In addition to the changes regarding the vacuum chamber, a solid copper slug was added to the interior of the dewar, to act as a large thermal mass directly below the sample. The new design increases the size of the copper slug to a volume of 5.8 in3 that fills the maximum available space and provides a large thermal capacitance for the space available. The dimensions of the cooper slug, PTFE dewar and aluminum sample holder were all carefully chosen by calculating their contractions due to thermal expansion as to not created cracking  in any of the parts that hold the sample.  

          Finally the COSMOSWorks transient thermal analysis revealed that the recommended design will have a theoretical working time of 60 minutes while staying bellow -140° C. Experimental investigations at Harvard Medical School will take place to find the experimental working time of the redesigned dewar.  
External Dewar

         A nitrogen vapor delivery system will evacuate all air from the viewing area.  This will minimize any moisture in the air from freezing and obstructing the view of the optics.  The current design optimizes a 20 ounce soft drink bottle as an “external dewar” attached to the optics housing using a hose that is filled with liquid nitrogen.  As it boils, the liquid nitrogen expels vapor that travels through the hose, into the optics housing, forcing all air out of the system.


Financial Issues 
	Machining costs of PTFE, Copper, and Aluminum were the main concern in the design.  
	When designing the new dewar for the optical microscope, many times the potential benefits of using more expensive parts did not outweigh their costs. For example, we discovered a better insulating PTFE that was specifically designed for cryogenic purposes (CTFE).  This material, which was three times more costly than regular Teflon, was tested using COSMOSWorks and only gave us a few additional minutes before failing.  The proposed use of CTFE was deemed unnecessary and the final dewar was machined out of PTFE.
We had also designed a second copper slug that would rest above the sample and provide additional thermal capacitance.  This design was also abandoned since the benefits did not outweigh the costs. 


Recommended Improvements 
	Improving the external dewar and changing the material of some components could prove to be beneficial in maintaining and controlling the temperature within the dewar.
	The external dewar needs to be improved; currently it uses a standard water bottle to contain the liquid nitrogen.  This setup could affect the performance of the optical microscope, and it may need to be redesigned so that it could be adjusted to control the delivery rate of liquid nitrogen vapor. 
The seals between the insulation area containing Nanogel and the sample area could be improved. Since Teflon was the material chosen for the bottom dewar and adhesives do not easily adhere to the material, we were forced to use screws to fasten the top cover to the dewar in order to contain the Nanogel.  Investigation into surface treatments that would allow cryogenic adhesives to adhere the dewar would prove beneficial. This would also ensure that the liquid nitrogen would not leak into the Nanogel chamber affecting its thermal insulation properties.
The top components of the optical microscope need to be redesigned to use more insulating materials. The upper optics housing and base plate and other parts made from stainless steel or aluminum should be replaced with Teflon or another material with similar thermal properties. This would significantly improve the operating time of the microscope by continuing to minimize the heat transfer into the system.
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