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s | Motivation - Glass Ceramic-to-Metal Seals

 Lithium alumino-silicate glasses are known to form high CTE phases such as Quartz

and Cristobalite.

*Ability to tailor the CTE by controlling the thermal profile during the sealing process.
« Ideal for creating a matched CTE GCtM seal. '
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Question? - Can we model the non-linear behavior of the Glass-Ceramic? Does applied stresses cause a
change in the non-linear behavior?




+ 1 Background - Cristobalite Phase Transition

+ Cristobalite goes through a first-order phase transition that is reversable.

« Several mechanisms can cause the phastransition temperature to shift.
Chemical impurities, crystallographic defects and applied stress.
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I
s | Experimental Procedure Sample Fabrication | | m
Sample Dimensions:

Glass Composition

_ wt% 0

Oxide Min | Max | Target sl
SiO, 65 80 | 74.35 69.44 }
B,O, | 05 | 7 | 120 | 0.97
Li,O 8 16 12.70 23.85
ALO, | 2 8 | 3.80 | 2.09 }
K,O 1 8 2.95 1.76
P,O. 1 5 | 315 | 062 |—
/n0O 0 5 1.85 1.28 |—
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« XRD
« 5-1700°26 (0.02° 26 step size and 10 second dwell)
* Pseudo-Void Fit, Rietveld Analysis

SEM (General Microstructure Observation)

DSC (TA Instruments DSC Q2000)
* 10 °C/min

* Thermal Expansion (Netzsch TMA )
e 1°C/min

I
s | Experimental Procedure - Material Characterization m
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> | Experimental Procedure - Pressure Expansion Measurements
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Wt% From Refinement

| Results- XRD
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9 | Results- SEM

. cristoballite . glassy phase . lithium metasilicate . Zn-rich . void space
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SEM - Microstructure

|—| EHT = 20.00 kV WD = 7.6mm Signal A = SE2 Width = 19.05 pm




SEM - Microstructure
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SEM - Microstructure
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SEM - Microstructure
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Significant amount of residual stress in these
materials




14 ‘ Material Characterization - DSC / Dilatometry
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15 | Results - Comparison with TMA m
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Phase transition region is “stretched” in the load frame data due to the thermal gradient along the specimen. I



s | Results — Applied Pressure Experiments
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Transition temperature shifts to higher temperatures with applied uniaxial compressive stress.



17 ‘ Discussion - Data Interpretation
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Discussion - Data Interpretation
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1o | Phase Diagram Characterization m
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20 | Current Model Development

Modeling results compare with experimental results with no applied stress.
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* Measured the applied pressure dependent phase transition of cristobalite containing
glass-ceramics with custom built thermal expansion setup.

* Future experiments will focus on having a controlled and uniform heated zone.

« Attempt to measure the deviatoric strain vs. temperature.
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