WO 2021/133487 PCT/US2020/061719

CLAIMS

1. An inline buffer dilution system, comprising:

a first flow control valve adapted to communicate with a vessel comprising a supply of
diluent liquid;

a second flow control valve adapted to communicate with a first vessel comprising a
supply of a first buffer;

a third flow control valve adapted to communicate with a second vessel comprising a
supply of a second buffer;

a mixing pump fluidly connected to the first, second, and third flow control valves and
configured to receive an amount of the diluent liquid, the first buffer, and the second buffer via
the first, second, and third flow control valves, respectively, the mixing pump further configured
to mix the amount of the diluent liquid, the first buffer, and the second buffer to produce a
diluted buffer solution;

a backpressure control valve arranged downstream of the mixing pump and configured to
generate a backpressure that promotes mixing within the mixing pump; and

a controller communicatively connected to the mixing pump and the backpressure control
valve, the controller configured to control the backpressure generated by the backpressure
control valve based on the amount of the diluent liquid, the first buffer, and the second buffer
being mixed in the mixing pump, such that the mixing pump yields a minimum mixing threshold

across a range of fluid flows.

2. The inline buffer dilution system of claim 1, wherein the backpressure control
valve is configured to generate a first backpressure when the mixing pump mixes a first amount

of the diluent liquid, the first buffer, and the second buffer, and wherein the backpressure control
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valve is configured to generate a second backpressure different from the first backpressure when
the mixing pump mixes a second amount of the diluent liquid, the first buffer, and the second

buffer.

3. The inline buffer dilution system of claim 2, wherein when the second amount is

less than the first amount, the second backpressure is less than the first backpressure.

4. The inline buffer dilution system of any one of claims 1 to 3, wherein the
controller is configured to restrict a flow of the diluent liquid through the first flow control valve,
thereby creating a negative pressure upstream of the mixing pump that drives the supply of the
first buffer solution and the supply of the second buffer solution through the second flow control

valve and the third flow control valve, respectively, and to the mixing pump.

5. The inline buffer dilution system of any one of claims 1 to 4, further comprising
an additional flow control valve arranged between the mixing pump and the backpressure control
valve, the controller configured to control a pressure differential across the additional flow

control valve.

6. The inline buffer dilution system of any one of claims 1 to 5, further comprising
the first vessel comprising the supply of the first buffer and the second vessel comprising the
supply of the second buffer, wherein each of the first vessel and the second vessel is pressurized

using only atmospheric pressure.
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7. The inline buffer dilution system of any one of claims 1 to 6, further comprising a
conductivity sensor arranged between the mixing pump and the backpressure control valve, the
conductivity sensor configured to detect the conductivity of the diluted buffer solution produced

by the mixing pump.

8. The inline buffer dilution system of any one of claims 1 to 7, further comprising a
pH sensor arranged between the mixing pump and the backpressure control valve, the pH sensor

configured to detect the pH of the diluted buffer solution produced by the mixing pump.

9. The inline buffer dilution system of any one of claims 1 to 8, further comprising a
first flowmeter fluidly coupled to the second flow control valve and a second flowmeter fluidly
coupled to the third flow control valve, the controller communicatively connected to the first and
second flowmeters and configured to obtain from the first and second flowmeters data indicative

of the fluid flowing through the second and third flow control valves, respectively.

10. An inline buffer dilution system, comprising:

a vessel comprising a supply of diluent liquid;

a first vessel comprising a supply of a first buffer, the first vessel pressurized using only
atmospheric pressure;

a second vessel comprising a supply of a second buffer, the second vessel pressurized
using only atmospheric pressure;

a first flow control valve arranged downstream of and configured to communicate with

the supply of diluent liquid;
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a second flow control valve arranged downstream of and configured to communicate with
the first vessel comprising the supply of the first buffer;

a third flow control valve arranged downstream of and configured to communicate with
the second vessel comprising the supply of the second buffer;

a mixing pump fluidly connected to the first, second, and third flow control valves and
configured to receive an amount of the diluent liquid, the first buffer, and the second buffer via
the first, second, and third flow control valves, respectively, the mixing pump further configured
to mix the amount of the diluent liquid, the first buffer, and the second buffer to produce a
diluted buffer solution;

a backpressure control valve arranged downstream of the mixing pump and configured to
generate a backpressure that promotes mixing within the mixing pump; and

a controller communicatively connected to the mixing pump and the backpressure control
valve, the controller configured to control the backpressure generated by the backpressure
control valve based on the amount of the diluent liquid, the first buffer, and the second buffer
being mixed in the mixing pump, such that the mixing pump yields a minimum mixing threshold

across a range of fluid flows.

11. The inline buffer dilution system of claim 10, wherein the backpressure control
valve is configured to generate a first backpressure when the mixing pump mixes a first amount
of the diluent liquid, the first buffer, and the second buffer, and wherein the backpressure control
valve is configured to generate a second backpressure different from the first backpressure when
the mixing pump mixes a second amount of the diluent liquid, the first buffer, and the second

buffer.
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12. The inline buffer dilution system of claim 11, wherein when the second amount is

less than the first amount, the second backpressure is less than the first backpressure.

13. The inline buffer dilution system of any one of claims 10 to 12, wherein the
controller is configured to restrict a flow of the diluent liquid through the first flow control valve,
thereby creating a negative pressure upstream of the mixing pump that drives the supply of the
first buffer solution and the supply of the second buffer solution through the second flow control

valve and the third flow control valve, respectively, and to the mixing pump.

14. The inline buffer dilution system of any one of claims 10 to 13, further
comprising an additional flow control valve arranged between the mixing pump and the
backpressure control valve, the controller configured to control a pressure differential across the

additional flow control valve.

15. The inline buffer dilution system of any one of claims 10 to 14, further
comprising a conductivity sensor arranged between the mixing pump and the backpressure
control valve, the conductivity sensor configured to detect the conductivity of the diluted buffer

solution produced by the mixing pump.

16. The inline buffer dilution system of any one of claims 10 to 15, further

comprising a pH sensor arranged between the mixing pump and the backpressure control valve,
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the pH sensor configured to detect the pH of the diluted buffer solution produced by the mixing

pump.

17. The inline buffer dilution system of any one of claims 10 to 16, wherein the first
vessel comprises a first container housing the supply of the first buffer and the second vessel
comprises a second container housing the supply of the second buffer, and wherein each of the

first and second containers is made from a disposable material.

18. The inline buffer dilution system of claim 17, wherein the disposable material

comprises a gamma stable plastic material.

19. A method of producing a diluted buffer solution across a range of fluid flows,
comprising:

providing a first flow control valve adapted to communicate with a vessel comprising a
supply of diluent liquid, a second flow control valve adapted to communicate with a first vessel
comprising a supply of a first buffer, and a third flow control valve adapted to communicate with
a second vessel comprising a supply of a second buffer;

directing an amount of the diluent liquid, the first buffer, and the second buffer to a
mixing pump;

mixing the amount of the diluent liquid, the first buffer, and the second buffer in the
mixing pump, thereby producing a diluted buffer solution;

generating, via a backpressure control valve arranged downstream of the mixing pump, a

backpressure that promotes mixing within the mixing pump; and
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controlling, via a controller communicatively connected to the mixing pump and the
backpressure control valve, the backpressure generated by the backpressure control valve based
on the amount of the diluent liquid, the first buffer, and the second buffer being mixed in the

mixing pump.

20. The method of claim 19, wherein the controlling comprises decreasing the

backpressure generated by the backpressure control valve when the amount of the diluent liquid,

the first buffer, and the second buffer being mixed in the mixing pump decreases.
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