
Organic solutions 
are subjected to a 
myriad of conditions 
to extract particular 
materials, which are 
used in INL research 
and development 
projects.

Solvent Extraction Equipment  
Testing Laboratory
Evaluation of novel separation techniques at pilot scale with multiple 
types of solvent extraction technologies.

Solvent extraction, 
also known as 
hydrometallurgy, is 

utilized across a myriad of 
industries to purify specific 
target metals from a complex 
matrix of undesirable 
contaminants. It is used 
heavily in the production of 
copper, nickel, zinc, cobalt, 
and rare earth metals, and 
recycling used nuclear 
fuel, just to name a few. 

Nuclear fuel reprocessing 
research activities have 
been part of Idaho National 
Laboratory’s mission since 
the 1950s, when INL was 
the National Reactor Testing 
Station and the Idaho 
Chemical Processing Plant 

Key to this research is 
the Solvent Extraction 
Equipment Testing 
Laboratory. The lab allows 
researchers to develop 
flowsheet criteria for 
separations processes, to 
predict system performance 
and potentially reduce 
environmental impacts. 
Researchers can also test 
developed process flowsheets 
for the desired separation 
at pilot-scale conditions.

EQUIPMENT

There are three basic 
types of equipment used 
in industrial-scale solvent 
extraction processes: mixer-
settlers, pulse columns and 
centrifugal contactors. 

began recovering U-235 
from used nuclear fuel using 
solvent extraction techniques.  

This expertise in solvent 
extraction has continued 
to be used to develop a 
laboratory with solvent 
extraction technologies 
that are used to test 
novel separation systems 
across all industries. The 
goals remain the same 
regardless of the industry:

• To develop and 
demonstrate industrially 
deployable and 
economically feasible 
technologies for the 
desired separations.

• To provide improved 
safety, security and 
optimized waste 
management. 
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Mixer-settlers
As the name implies, this 
equipment contains a mixing 
chamber and a settling 
chamber. The organic and 
aqueous solutions are 
introduced into the mixing 
chamber where they spill 
over a weir system into 
the settling chamber. The 
two phases separate by 
gravity and continue to the 
next steps of the process. 
The available mixer-settler 
equipment includes:

• Multiple stages of 
mixer-settlers of 
varying construction, 
design and size

• 30 stages of glass mixer-
settlers established 
for rare earth element 
separations supporting the 
Department of Energy’s 
Critical Materials Institute 

• 32 stages of Kynar mixer-
settlers compatible with 
a variety of chemicals

Centrifugal contactors
The organic and aqueous 
phases are introduced 
into the contactor and 
mixed vigorously by a rotor 
spinning at up to 3,500 
rpm. The resulting mixture 
enters into the rotor where 
centrifugal forces separate 
the organic and aqueous 
phases and continue on to 
the next steps. The available 
centrifugal contactor 
equipment includes:

• Bench scale to plant 
scale equipment sizes, 
multiple stages

• 30-stage centrifugal 
contactor cascade 
for solvent extraction 
flowsheet testing

Pulse columns
Pulse columns operate by 
mixing the organic (the 
lighter phase) and aqueous 
solutions inside a vertical 
column. The organic is 
introduced at the bottom of 

the column and the aqueous 
solution is introduced at the 
top of the column. Due to 
their differences in density 
the organic floats to the 
top as the aqueous flows 
to the bottom. Mixing is 
accomplished by a series of 
mixing plates that are located 
inside the column. The 
column can be pulsed either 
by pneumatic or mechanical 
means. The available pulse 
column equipment includes:

• Both bench-scale and 
laboratory-scale pulse 
columns operated for 
research and military 
training applications

OTHER AREAS OF FOCUS

The Solvent Extraction 
Equipment Testing Laboratory 
supports customers that 
include the Department of 
Energy’s Office of Nuclear 
Energy, the National Nuclear 
Security Administration, the 
departments of Defense 
and Homeland Security, 
INL’s Laboratory Directed 
Research and Development 
program and various 
commercial entities.

Battelle Energy Alliance manages INL  
for the U.S. Department of Energy’s  
Office of Nuclear Energy.   

INL researchers 
specialize in 

developing new  
solvent extraction 

methods and 
practicing new ones.


