
Towards Safer, Cheaper Ammonia Storage

13

Sorbents can enable storage at room temperature and atmospheric pressure

Require heating to release ammonia



Metal Halides and Borohydrides
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Calcium borohydride
Ca(BH4)2(NH3)4

Calcium chloride
CaCl2(NH3)8
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Volumes of different ammonia 
storage methods



Metal Halides and Borohydrides
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Rates of absorption in metal 
halides can vary greatly

Stability upon cycling generally 
good for metal halides



Metal-Organic Frameworks (MOFs)
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Metal-Organic Frameworks (MOFs)
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Ammonia content is a continuous 
function of temperature and 
pressure, due to the lack of discrete 
phase transitions

Fast rates due to large pores for 
gas diffusion

10 mmol/g = 0.17 g NH3 / g sorbent

Capacities much lower than metal 
halides and borohydrides
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Phenol Ethylene Glycol

Choline Chloride



Deep Eutectic Solvents (DESs)
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Sorption Cycles

1:5:4    ChCl:PhOH:EG Absorption: 40 °C, 101.3 kPa
Desorption: 60 °C, 0.1 kPa

25 °C
40 °C
60 °C
80 °C



Sorbent Overview
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DESsMOFsMetal Halides and Borohydrides

Ammonia content is a continuous 
function of temperature and pressure

Ammonia content is a continuous 
function of temperature and pressure

Phase transitions with large, discrete 
ammonia releases

Low ammonia release temperaturesLow ammonia release temperaturesAmmonia release temperatures can be 
high for some phase transitions (up to 
400 °C)

Low ammonia densitiesLow ammonia densitiesHigh gravimetric and volumetric 
ammonia densities

Fast sorption; limited hysteresisVery rapid sorption; virtually no 
hysteresis

Slower absorption rates, but very 
dependent on identity of metal and 
pressure

Good cycling stabilityMany MOFs show limited stability 
upon cycling. Research still to be done

Good cycling stability

LiquidSolidSolid
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