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Presentation Notes
Hello, my name is Maggie Psurek and I would like to talk to you about what I did over the summer, which was developing a solid electrolyte by in filtrating Nanoporous silica with NaCB11H12.



• No liquid between anode and cathode

• Conduct electricity through 
electrolytes

– Possible solid electrolytes: Sodium 
salts

• Safer than liquid electrolyte batteries

– not flammable

– don’t spill: don’t damage device

– don’t produce HF

SOLID 
ELECTROLYTE 
BATTERIES
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Presentation Notes
So first of all, what is a solid electrolyte and why does it matter? Every battery uses an anode and a cathode with an electrolyte between that allows that battery to work. In common batteries this is a liquid or paste but solid electrolyte batteries use a solid. Solid state batteries will be safer and more effective that liquid electrolyte batteries because they won’t be able to spill over and damage the devices they’ll be used in and won’t be able to catch fire. Additionally, if the solid electrolyte is a sodium salt, it will be much cheaper to produce as sodium is much more abundant than lithium.



Solid electrolyte: NaCB11H12
• Possible solid conductor: NaCB11H12

• Need a disordered state to conduct

– State transition occurs around 110˚c (383K)

• Too high temperature to be useful

• Salt + nonporous silica = conductive material at rt?
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Presentation Notes
So with that bit of background over, let’s get to my actual project: making NaCB11H12 more conductive. NaCB11H12 is a sodium salt, which like most sodium salts has a crystal structure, very similar to the one pictured here. I can do some superionic conductivity but only conducts a little bit until you get to 110 degrees Celsius, or 383 Kelvin.



NANOPOROUS SILICA: SBA-15
• Silica (SiO2) that has very small (8nm) pores
• Putting salt in nanopores is a form of 

nanosizing
– Changes behavior: no bulk behavior
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Nanoporous silica under a Scanning Electron Microscope
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Alright, we have electrolytes down, but what is nanoporous silica? It’s quite simple really. It’s SiO2, which is the main component of sand that has been grown to have tiny pores, in this case with a diameter of 8nm. The commercial product we were using is called SBA-15.



DIFFERENTIAL SCANNING 
CALORIMETRY (DSC)

• Increases temperature of substance at a constant rate

• Needs more heat during order-disorder transition

– Phase change shows up as peak

DSC graph for wet sample of NaCB11H12



    

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 

  

 
 
 

  

  
 

  
  

   
 

  
    
  

 
 

   
   

  
     

 
 

Instrument : NETZSCH STA 449F1... File : ...\9NaCB11H12+10SBA-15-inAl-He-21Jul2017-cycling01-320... Remark : Sample:9NaCB11H12+10SBA-15. Sample mass = 4.3 mg; crucible + lid = 39.7 mg. Mass of...
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MAKING THE 
SAMPLES

• Mixed saturated solution of NaCB11H12

with SBA-15

– Solution concentration: 
143g NaCB11H12/100g H2O

– Various mass ratios

• Tested each with DSC

9:10
NaCB11H12 :SBA-15 sample DSC graph for NaCB11H12:SBA-15 sample (11:12, w/w)

DSC graph for NaCB11H12 :SBA-15 sample (9:10, w/w)



MASS RATIO        PEAK AREA 
• Increased area under peak = increased transition energy

– Amount of NaCB11H12 (relative to silica) directly proportional with peak area

• Phase change = bulk behavior

– Require maximum salt without bulk behavior

Ratio by
mass

massNaCB11H12/
massSBA-15

Area under 
peak

1:0 undefined 45.76
9:4 2.26 46.19
3:2 1.5 30.33
7:6 1.16 17.6

11:12 0.919 8.321
9:10 0.9 0

y = 31.278x - 21.668
R² = 0.9353
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MEASURING 
CONDUCTIVITY: SET UP
• Electrolytic cell allows for conductivity testing

• Need to make pellet to put into cell

– Pelletizer presses molecules close together

• Larger batch to make pellet

– Needs to be dry—quartz vacuum tube

Photos by Erin Huang

3 zone tube furnace quartz vacuum tube





MEASURING CONDUCTIVITY
• Pelletized sample put into electrolytic cell

• Cell heated and cooled

– 273K - 423K (0˚c - 150 ˚c)

• Conductivity measured over temperature range

Electrolytic cell

pelletizer



RESULTS
• Electrochemical Impedance Spectroscopy

– Conductivity can be calculated from impedance

• Conductivity of new mixture v. conductivity of pure NaCB11H12

– 2 orders of magnitude more conductive at room temperature
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CONCLUSION:
• NaCB11H12 below 110˚c (383K)             poor conductivity

• NaCB11H12 above 110˚c (383K) very high conductivity

• NaCB11H12 combined with SBA-15 at room temperature            conducts 100x than pure NaCB11H12 

– conductivity stays relatively constant form 293-413K.

NEXT STEPS:
• Test conductivity of pure SBA-15

• Test conductivity of NaCB11H12+SBA-15 in different proportions

• Use 4nm porous silica instead of 8nm porous silica (SBA-15)

• Add oversaturated solution to silica again after drying
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