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SUMMARY  

A microfluidic system is presented to investigate interactions between supercritical CO2 and H2O 
using high-pressure glass chips. The reliability of these chips at pressures necessary to sustain CO2 in 
the supercritical phase is dependent of both time and temperature. 130 bar can be kept at 38°C for 
more than a week. These systems can be used to create parallel flow streams used to investigate 
reaction dynamics by the addition of pH sensitive dyes.  
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INTRODUCTION 
Supercritical CO2 has seen much attention in recent years, as it’s used as a green, non-toxic, solvent in 
food and pharmaceutical industry, and in the field of carbon capture for environmental sustainability 
[1-3]. In these applications, aqueous liquids often play a role either as polar feed solution during 
liquid extraction or as a part of the surroundings of carbon storage. Microfluidic systems can be used 
together with supercritical fluids [4]. In this work, a system based on glass chips is presented to study 
reaction dynamics of high pressure H2O and CO2 streams. Transparent chips give clear sight of both 
flow behavior and phase changes, and allow spectroscopic techniques to be used. In this work, pH 
sensitive dyes are utilized to enable kinetic studies.  
 
EXPERIMENTAL 
The system consists of two high pressure pumps containing either CO2 or H2O. Borosilicate glass 
chips are connected and studied with a high speed camera. The chips are fabricated with lithography, 
wet etching and thermal bonding. In general, channels of a width of 200 µm and a depth of 90 µm are 
used. Silica capillaries, glued into the side of the chip, are used as interface connections. Pressure tests 
are done by a blister test method by instantaneous pressurized to fracture of 2 or 1.6 mm diameter 
cavities. The survivability of chips is tested by long-term constant pressurization at different 
temperatures. Transmission light is provided by two LED arrays at either 421 nm or 592 nm, 
corresponding to pH dependent absorption peeks of bromophenol blue. 
 
RESULTS AND DISCUSSION 
The pressure test showed average instantaneous fracture pressures in the range of 147 to 179 MPa, 
figure 1.  For a 1.6 mm cavity, this corresponds to an average fracture pressure of 168 bar. Long-term 
pressurization test, figure 2, showed the presence of temperature dependent delayed fractures. For 1.6 
mm cavities, pressures of 130 bar could be sustained for 1 week at 38°C. For increased temperatures, 
a pressure reduction is needed to sustain the survivability.  The chips are under constant stress and in 
a water rich environment, which is known conditions for stress corrosion [5]. Figure 3 shows how 
bromophenol blue dye in the transparent glass chips can be utilized to detect pH changes. A high 
pressure chip developed for this is seen in figure 4. An example of H2O and CO2 being manipulated is 
seen in figure 5 were a parallel flow of the both fluids is presented.  
 
CONCLUSION 
 A system for studying chemical interactions between H2O and supercritical CO2 fluid streams has 
been presented. Chips have been developed that are strong and reliable for more than one week of 
continuous measurement at 130 bar. The reliability is dependent on both time and temperature and 
can be linked to stress corrosion in glass.   
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Fig 1.  Weibull plot of instantaneous fracture 
stress.   
 

 
Fig 3.  A channel with acid flow plug (right), 
air segment (middle) and neutral flow plug 
(left). Depending on the light used, contrast is 
achieved in either the acid flow plug, at 591 
nm in a, or in neutral plug, at 421 nm, in b. 
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Fig 2. Long-term pressurization tests of 1 
week. 
 

 
Fig 5. Parallel flow of CO2 (top) and 
 H2O(bottom) streams.  
 

 
Fig 4. High pressure meander chip. 



 

 

 


