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CLAIMS 

What is claimed is:  

1. A continuous countercurrent spiral chromatography module, comprising: 

a first input port for receiving an input solution; 

a first mixer for mixing the input solution with a recycled solution from a 

second input port to produce a first mixed output; 

a stage I separator for concentrating the first mixed output to produce a 

stage I solid fraction, wherein a stage I liquid fraction exits the stage I 

separator via a first output port; 

a second mixer for mixing the stage I solid fraction from the stage I 

separator and an optional buffer solution from a third input port to produce a 

second mixed output; 

a stage II separator for concentrating the second mixed output to produce a 

stage II solid fraction which exits the module from the stage II separator via a 

second output port, wherein a stage II liquid fraction exits the module from 

the stage II separator via a third output port; and 

at least one pump, 

wherein the recycled solution from the third output port flows 

countercurrent to the input solution into the second input port, and 

wherein at least one of the stage I separator and the stage II separator is a 

spiral separator, the spiral separator including: 

at least one inlet; 

a curvilinear channel arranged and disposed to generate at least one 

Dean vortex; 

at least one liquid fraction outlet; and 

at least one solid fraction outlet. 

2. The module of claim 1, wherein both the stage I separator and the stage II 

separator are spiral separators. 
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3. The module of claim 1, wherein at least one of the stage I separator and the stage 

II separator is a tangential flow filter. 

4. The module of claim 1, wherein the input solution includes a resin and an 

unpurified product solution. 

5. The module of claim 1, wherein the stage I liquid fraction is waste. 

6. The module of claim 1, wherein the stage I liquid fraction is product. 

7. The module of claim 1, wherein the second mixer receives clean buffer solution. 

8. The module of claim 1, wherein the second mixer does not receive clean buffer 

solution. 

9. The module of claim 1, wherein the first mixer and the second mixer are static 

mixers. 

10. The module of claim 1, wherein the input solution from the first input port flows 

through the stage I separator and the stage II separator in a single pass. 

11. The module of claim 1, further including a recapture separator for removing a 

solid material from the stage I liquid fraction exiting the first output port, 

producing a separated stage I liquid fraction which exits the module from a fourth 

output port and a recycled stage I solid fraction which exits the recapture 

separator through a fifth output port and is fed into the first mixer through a fourth 

input port to be mixed with the input solution and the recycled solution into the 

first mixed output. 

12. The module of claim 11, wherein the recapture separator is a spiral separator. 

13. The module of claim 11, wherein the recapture separator is a tangential flow 

filter. 

14. The module of claim 11, wherein the solid material includes a resin. 

15. The module of claim 11, further including a solid particle load separation capacity 

of at least 10 wt%. 
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16. A continuous countercurrent spiral chromatography system having a plurality of 

modules, comprising: 

a binding step module for binding product from an unpurified product 

solution with a resin slurry; 

a washing step module for washing impurities from the resin slurry; and 

a regeneration step module for regenerating the resin slurry, 

wherein at least one of the plurality of modules includes a plurality of 

stages with a solid fraction flow directed countercurrent to a resin slurry flow 

within the at least one of the plurality of modules, and 

wherein at least one of the plurality of modules includes a spiral separator, 

the spiral separator including: 

at least one inlet; 

a curvilinear channel arranged and disposed to generate at least one 

Dean vortex; 

at least one liquid fraction outlet; and 

at least one solid fraction outlet. 

17. The system of claim 16, further including at least one of an elution step module 

for eluting an output of the washing stage module as purified product solution and 

an equilibration step module for equilibrating the system using an appropriate 

buffer. 

18. The system of claim 16, wherein at least one of the plurality of modules includes 

a recapture separator for removing residual resin from a liquid fraction produced 

during operation of the system, and the system reduces resin loss during operation 

relative to a comparative system lacking the recapture separator. 

19. A method for purifying an unpurified solution by continuous countercurrent spiral 

chromatography with a plurality of modules, comprising: 

receiving the unpurified solution; 

receiving resin slurry from a resin slurry tank for containing the resin 

slurry, the resin slurry tank being isolated following discharge of the resin 

slurry from the resin slurry tank; 
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a binding step for binding product in the unpurified product solution to the 

resin slurry from the resin slurry tank; 

a washing step for washing impurities from the resin slurry; 

optionally, an elution step for eluting product from the resin slurry after 

the washing step; 

capturing purified product solution; 

a regeneration step for cleaning the resin slurry; and 

providing buffer solutions for the steps, 

wherein at least one of the plurality of modules includes a plurality of 

stages with a solid fraction flow directed countercurrent to a resin slurry flow 

within the at least one of the plurality of modules, and 

wherein at least one of the plurality of modules includes a spiral separator, 

the spiral separator including: 

at least one inlet; 

a curvilinear channel arranged and disposed to generate at least one 

Dean vortex; 

at least one liquid fraction outlet; and 

at least one solid fraction outlet. 

20. The method of claim 19, wherein purifying the unpurified solution includes: 

purifying: commodity chemicals, sugars, amino acids, nanoparticles, 

medicinal drugs, antibiotics, statins, proteins, monoclonal antibodies, bi-

specific antibodies, fusion proteins, antibody drug conjugates, enzymes, viral-

like particles, vaccines, gene therapy agents, or combinations thereof; 

desalinating salt water; 

performing chromatographic: capture, flow-though, antibody capture with 

protein A resins, ion exchange, hydrophobic interactions, metal affinity, 

mixed mode, hydroxyapatite, affinity ligand, aptamer-based, reverse phase 

separations, or combinations thereof; or 

combinations thereof. 

 

 


