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SMALL-SCALE MIXER

[0001A] This application claims priority to U.S. Provisional Application No. 63/062,129, filed
August 6, 2020, U.S. Provisional Application No. 63/085,080, filed September 29, 2020, and U.S.
Provisional Application No. 63/150,540, filed February 17, 2021, the contents of each of which

are incorporated herein by reference in their entireties.

BACKGROUND
[0001] Biopharmaceutical products can include large, unstable molecules. For example,
biopharmaceutical proteins can have a specific three-dimensional (“3D”) structure involved in
their biological activity. Due to their instability, preventing degradation of during their
manufacture is a challenge. A number of external factors can cause degradation. For example,
mixing biopharmaceutical products into aqueous formulations can degrade them due to mechanical
agitation, high shear forces, adsorption, and aggregation.
SUMMARY

[0002] The following presents a simplified summary of the disclosed subject matter in order
to provide a basic understanding of some aspects of the disclosed subject matter. This summary is
not intended to identify key or critical elements of the disclosed subject matter or delineate the
scope of the claimed subject matter.

[0003] In some implementations, a system for producing a small-scale mixer is provided. The
system includes a three-dimensional printer configured to produce the small-scale mixer having
first dimensions based on a respective dimension of an at-scale mixer and based on second
dimensions independent of the dimensions of the at-scale mixer. The system also includes a

smoothing apparatus that smooths a surface of the small-scale mixer.
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[0004] In some implementations, a method for producing a small-scale mixer is provided. The
method includes obtaining dimensions of an at-scale mixer. The method also includes determining
first dimensions of the small-scale mixer based on respective dimensions of the at-scale mixer.
The method further includes determining second dimensions of the small-scale mixer independent
of the dimensions of the at-scale mixer. Additionally, the method includes generating the small-

scale mixer using the first dimensions and the second dimensions.

DRAWINGS
[0005] FIG. 1 shows a block diagram illustrating an example of an environment for
implementing systems and methods in accordance with aspects of the present disclosure.
[0006] FIG. 2 shows a cutaway side view of a mixer illustrating examples of physical
dimensions of the mixer in accordance with aspects of the present disclosure.
[0007] FIG. 3A shows a top view of an example of an impeller of an at-scale mixer in
accordance with aspects of the present disclosure.
[0008] FIG. 3B shows a side view of an example of an at-scale mixer impeller in accordance
with aspects of the present disclosure.
[0009] FIG. 4A shows a top view of an example of a small-scale mixer impeller in accordance
with aspects of the present disclosure.
[0010] FIG. 4B shows a side view of an example of a small-scale mixer impeller in accordance
with aspects of the present disclosure
[0011] FIG. 5 shows a flow block diagram illustrating an example of a method for producing
a small-scale mixer in accordance with aspects of the present disclosure.

[0012] FIG. 6 shows a table illustrating example scaling factors for small-scale mixers in
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accordance with aspects of the present disclosure.

[0013] FIGS. 7, 8, and 9 show tables illustrating example scaling factors for a small-scale
mixer impeller in accordance with aspects of the present disclosure.

[0014] FIG. 10 shows a table illustrating ratios between example dimensions of at-scale mixer
impellers in accordance with aspects of the present disclosure.

[0015] FIG. 11 shows a table illustrating example differences between target dimensions and
actual dimensions of small-scale mixer tanks in accordance with aspects of the present disclosure.
[0016] FIG. 12 shows a table illustrating differences between example expected dimensions
and actual dimensions of small-scale mixer impellers generated in accordance with aspects of the
present disclosure.

[0017] FIG. 13 shows a table illustrating differences between example expected dimensions
and actual dimensions of small-scale mixer impellers generated in accordance with aspects of the
present disclosure.

[0018] FIG. 14 shows a table illustrating differences between example target speeds and actual
speeds of a small-scale mixer impeller in accordance with aspects of the present disclosure.
[0019] FIG. 15 shows a chart illustrating comparisons between average surface roughness of
an example at-scale mixer impeller and an example small-scale mixer impeller accordance with
aspects of the present disclosure.

[0020] FIG. 16 shows a chart illustrating example comparisons between tank surface
roughness of an example at-scale mixer tank and an example small-scale mixer tank accordance
with aspects of the present disclosure.

[0021] FIG. 17 shows images illustrating surface roughness of an example small-scale mixer

impeller in accordance with aspects of the present disclosure.
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[0022] FIGS. 18, 19, and 20 illustrate an example validation process in accordance with
aspects of the present disclosure.

[0023] FIGS. 21, 22, 23, and 24 illustrate an example validation process in accordance with
aspects of the present disclosure.

[0024] FIGS. 25, 26, and 27 illustrate an example validation process in accordance with
aspects of the present disclosure.

DETAILED DESCRIPTION

[0025] The present disclosure generally relates to mixing apparatuses. More particularly, the
present disclosure relates to mixing apparatuses for manufacturing pharmaceutical products.
Apparatuses and methods consistent with the present disclosure provide small-scale mixing
apparatuses. In some implementations, the small-scale mixing apparatuses are produced using 3D
printing.

[0026] A small-scale mixer in accordance with aspects of the present disclosure can have first
dimensions based on dimensions of a respective at-scale mixer and second dimensions
independent of the respective at-scale mixer. In some implementations, the first dimensions are
scaled from the respective dimensions of the at-scale mixer. The second dimensions can prevent
degradation of pharmaceutical products blended in the small-scale mixer. For example, the second
dimensions can limit friction, particle generation, and shear forces imparted to the pharmaceutical
products. In some implementations, the second features include impeller blade smoothness,
impeller blade thickness, and impeller hub size. In some implementations, the hub size of the
small-scale impeller is the same or similar to the hub size of the at-scale impeller such that an
impeller drive unit adapted to drive the at-scale impeller can also drive the small-scale impeller.

Additionally, in some implementations the second dimensions of the small-scale impeller are
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adapted to withstand sheer forces imparted by the at-scale drive unit.

[0027] FIG. 1 shows a block diagram illustrating an exemplary environment 100 for
implementing systems and methods in accordance with aspects of the present disclosure. The
environment 100 can include a small-scale mixer 103, an at-scale mixer 105, a 3D printer 109, and
a smoothing apparatus 113. The at-scale mixer 105 can be any type of mixing apparatus. In some
implementations, the at-scale mixer 105 can be configured for pharmaceutical product
manufacturing. For example, the at-scale mixer 105 can mix pharmaceutical ingredients from
intermediate to final drug products and for the preparation of process solutions, such as buffers
and media. In accordance with aspects of the present disclosure, the at-scale mixer 105 can have a
fill volume greater than or equal to about 10 liters. In some implementations, the at-scale mixer
105 can have a fill volume between about 10 liters and about 1000 liters. It is understood that an
actual capacity of a mixer may exceed its indicated capacity. For example, the actual capacity of
amixer (e.g., 110 liters) may exceed its indicated capacity (e.g., 100 liters) by about 10%. In some
implementations, the at-scale mixer 105 can comprise a tank, an impeller, a single use mixing bag
(e.g., “bio-container”), and a separate interchangeable drive unit. For example, the at-scale mixer
105 can be a Mobius® Single-Use Mixing Systems by Merck KGaA of Darmstadt, Germany. In
some implementations, dimensions 117 of the at-scale mixer 105 can include the following:
impeller clearance off bottom of mixer (“C,”), impeller diameter (“D2”), liquid level (“Hy”),
rotational speed (“N»”), tank diameter (“T,”), blade width (“W,”), and baffle width (“WB,”).
[0028] The small-scale mixer 103 can have dimensions 121 proportional to the dimensions
117 of the at-scale mixer 105. In some implementations, the small-scale mixer 103 can have a fill
volume less than or equal to about 2 liters. In some implementations, the small-scale mixer 103

can have a fill volume between about 0.5 liters and about 2 liters. For example, the small-scale
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mixer 103 can have a fill volume of about 1 liter. It is understood that an actual capacity of the
small-scale mixer may exceed its targeted capacity (e.g., by about 10%). The dimensions 121 of
the small-scale mixer 103 can include the following: impeller clearance off bottom of mixer (“C1”),
impeller diameter (“D1”), liquid level (“H;”), rotational speed (“N1”), tank diameter (“T1”), blade
width (“W1”), and baffle width (“WB1”). In accordance with aspects of the present disclosure, the
dimensions 121 of the small-scale mixer 103 are proportionally the same as those of the at-scale
mixer 105. In some implementations, the dimensions of a small-scale mixer 103 are related to the
dimensions of the at-scale mixer 105 by an equal scaling factor or a substantially equal scaling
factor. For example, as illustrated by block 109 in FIG. 1, the scaling factor can be a ratio between:
Ci/ Cy, D1/ Dy, Hi/ Ha, N/ Na, T1/ T2, Wi/ W2, and WB1/ WB,, wherein the ratios have equal
values or substantially equal values. In some implementations, the scale factor can be a value
greater than about 2.0. For example, the scale factor can be about 2.2, about 3.7, about 4.6, about
5.8, or about 7.9.

[0029] The 3D printer 109 can be a conventional 3D printing system, which can use fused
filament fabrication, stereolithography, selective laser sintering, selective laser melting, electronic
beam melting, or other suitable 3D printing technique. In some implementations, the 3D printer
109 can print 3D structures using PC (Polycarbonate), ABS (acrylonitrile butadiene styrene),
polycarbonate (PC), PLA (polylactic acid), PET (polyethylene terephthalate), nylon, metal,
glass/PET, or other suitable materials.

[0030] The smoothing apparatus 113 can be configured to deburr and smooth objects, such as
those generated by the 3D printer 109. The smoothing apparatus 113 can include mechanical and
chemical smoothing devices. In some implementations, the smoothing apparatus 113 can include

one or more devices having one or more friction heads configured to deburr, sand, and polish the
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3D shapes. Additionally, the smoothing apparatus 113 can include a solvent bath that polishes the
3D shapes formed from materials used by the 3D printer 109. For example, the solvent bath can
use acetone, dichloromethane, or other solvent to smooth, for example, ABS or polycarbonate. In
some implementations, the rough small-scale mixer 103 generated by the 3D printer 109 is
polished using vapor produced by the solvent. In other implementations, the rough small-scale
mixer 103 is polished by dipping it directly into a pool of the solvent.

[0031] Still referring to FIG. 1, the illustration of the environment 100 shows an example of a
functional flow for producing the small-scale mixer 103 based on an at-scale mixer 105 using the
3D printer 109 and the smoothing apparatus 113. As shown by block 109, the dimensions 117 of
the at-scale mixer 105 (e.g., C2, D2, Ha, N2, T2, W2, and WB») can be translated into the dimensions
121 of the small-scale mixer 103 (e.g., C1, D1, Hi, N1, T1, Wi, and WB)) using a same scaling
factor for the individual dimensions, such that Ci/ C; = D1/ D> = Hi/Ha, N1i/Ny =T1/T2, = Wi/W, =
WB1/WB; Additionally, second dimensions 125 of the small-scale mixer can be determined. The
second dimensions 125 can be determined by, for example, modeling and simulation using
conventional computational fluid dynamics techniques. Using the first and second small-scale
mixer dimensions 121 and 125, the 3D printer 109 can produce the small-scale mixer 103. In some
implementations, a tank and an impeller of the small-scale mixer 103 can be generated as a single
piece. In other implementations, the tank and the impeller can be generated separately.

[0032] Further, as illustrated in FIG. 1, surfaces the small-scale mixer 103 output by the 3D
printer 109, including the tank and the impeller, can be a rough due to imperfections, such as burrs,
rough edges, and the like. The imperfections can result from the 3D printing process and can
degrade pharmaceutical products during mixing, for example, by causing friction, particle

generation, and shear forces. The smoothing apparatus 113 can process the rough small-scale
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mixer 103 to remove the imperfections and can smooth the surface of the small-scale mixer 103.
[0033] FIG. 2 shows a cutaway side view of an example of a mixer 205 illustrating dimensions
in accordance with aspects of the present disclosure. The mixer 205 and its dimensions can be the
same or similar to those discussed above. For example, the dimensions of the mixer 205 can
include the following: impeller clearance off bottom of mixer (C), impeller diameter (D), liquid
level (H), tank diameter (T), blade width (W), and baffle width (WB). The dimensions C, D, H, N,
T, W, and WB) of the mixer 205 can correspond to dimensions of the above-described small-scale
mixer (e.g., small-scale mixer 103 dimensions Ci, D1, Hi, N1, T1, W1, and WB1) and at-scale mixer
(e.g., at-scale mixer 105 dimensions Ca, D2, Hz, N», T2, W2, and WB»).

[0034] FIG. 3A shows a top view of an example of an impeller 305 of an at-scale mixer in
accordance with aspects of the present disclosure. FIG. 3B shows a side view of the impeller 305
in accordance with aspects of the present disclosure. The impeller 305 can be the same or similar
to that of the at-scale mixer described above (e.g., at-scale mixer 105). The impeller 305 can have
an impeller diameter (D;) and a blade width (W3), which can be the same as the dimensions
described above. Additionally, the impeller 305 can have a blade height (BH,). Further, the
impeller 305 can have a hub 309 having a hub diameter (HD-) and a hub height (HH>).

[0035] FIG. 4A shows a top view of an example of an impeller 405 of a small-scale mixer in
accordance with aspects of the present disclosure. FIG. 4B shows a side view of the impeller 405
in accordance with aspects of the present disclosure. The impeller 405 can be the same or similar
to that of the small-scale mixer described above (e.g., small-scale mixer 103). The impeller 405
can have an impeller diameter (D1) and a blade width (W1) which can be the same as the
dimensions described above. Additionally, the impeller 405 can have a blade height (BH)).

Further, the impeller 405 can have a hub 409 having a hub diameter (HD1) and a hub height (HH1).
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As described above, the impeller diameter (D1) and the blade width (W1) of the impeller 405 can
be proportional to the impeller diameter (D) and the blade width (W3) of the impeller 305 based
on a common scaling factor. In some implementations, different from the dimensions of the
impeller diameter (D1) and the blade width (W1), the hub diameter (HD1) and the hub height (HH1)
of the hub 409 can be independent of the hub diameter (HD>) and the hub height (HH>) of the hub
309. Rather than being based on the dimensions of the hub diameter (HD;) and the hub height
(HH>) of the hub 309, the dimensions of the hub diameter (HD1) and the hub height (HH;) of the
hub 409 can be configured to limit friction, particle generation, and shear forces imparted to
pharmaceutical products during mixing. Additionally, in some implementations, surfaces of the
impeller 405 can be as smooth or substantially smoother than those of the impeller 305.

[0036] FIG. 5 shows a flow block diagram illustrating an example of a method 500 for
producing a small-scale mixer in accordance with aspects of the present disclosure. At block 505,
the method 500 includes obtaining dimensions (e.g., Ca, D2, Ha, Na, T2, W,, HD; and HH)) of an
at-scale mixer (e.g., at-scale mixer 105). The dimensions can be determined from reference
documentation, manually measured, or automatically measured (by, e.g., optical scanning).
[0037] At block 509, the method 500 can include determining first dimensions (e.g., C1, D1,
Hi, Ni, Ty, W1, HD1 and HH) of a small-scale mixer (e.g., small-scale mixer 103) to be produced
based on the dimensions of the at-scale mixer determined at block 505. In some implementations,
all the first dimensions of the small-scale mixer are determined using a same scaling factor. The
value of the scaling factor can be a ratio between a dimension of the at-scale mixer and a respective
dimension of the small-scale mixer. For example, as illustrated in FIG. 6, the height (H) of the at-
scale mixer can be 18.533 cm and the height (Hi) of small-scale mixer can be 8.601 cm.

Accordingly, the scaling factor can be about 2.2 (i.e., 18.533 / 8.601). It is understood that other
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dimensions (e.g., Cs, D2, Ha, No, T2, W2, BHa, HD», and HH») could be used to determine
respective dimensions of the small-scale mixer (e.g., C1, D1, Hi, N1, T1, W1, BHi, HD1, and HH1)
using the same scaling factor. In some implementations, the scaling factor can be selected to obtain
a target fill volume of the small-scale mixer. For example, the scaling factor can be selected to
provide a fill volume of 1 liter.

[0038] At block 513, the method 500 can determine second dimensions of the small-scale
mixer. In some implementations, the second dimensions are independent of the dimensions of the
at-scale mixer. The second dimensions can be determined by, for example, modeling and
simulation using computational fluid dynamics techniques to determine physical forces on an
impeller of the small-scale mixer (e.g., impeller 405) and shear forces on a solution by the impeller
over various rotational velocities, fluid densities, and temperatures.

[0039] At block 517, using the first and second small-scale mixer dimensions determined at
blocks 509 and 513, the method 500 can produce the small-scale mixer 103 using a 3D printer
(e.g., 3D printer 109). As noted above, the 3D printer can generate the small-scale mixer by fused
filament fabrication using materials, including ABS, PLA, PET, nylon, metal, glass/PET, or other
suitable materials. It is understood that other 3D printing techniques can be used to generate the
small-scale mixer.

[0040] At block 521, the method 500 can include smoothing the small-scale mixer produced
at block 517 using a smoothing apparatus (e.g., smoothing apparatus 113). Smoothing the small-
scale mixer can include, at block 525, mechanically abrading the surface to remove burrs, rough
edges, and to polish the surface. Additionally, at block 529, smoothing the small-scale mixer can
include chemically polishing the surface of the small-scale mixer. For example, the smoothing can

include dipping the small-scale mixer in bath of solvent, such as acetone, one or more times. In

10
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some implementations, the dipping is limited to two dips for a total of less than 15 seconds.
Additionally, in some implementations, the dipping is limited to two dips of less that 10 seconds
total. For example, the small-scale mixer can be dipped into the solvent bath for five seconds, dried
for about 10 minutes, and dipped a second time for an additional five seconds.

[0041] Additionally, in some implementations, the method 500 can include validating mixing
of a product by the small-scale mixer verses the corresponding large-scale mixer. As described in
greater detail below with regard to FIGS. 18-27, the validation can include mixing the product for
a period of time (e.g., 24 hours) using the at-scale mixer and the small-scale mixer, periodically
sampling the product from the at-scale mixer and the small-scale mixer, and determining whether
a quality of the product has substantial differences in any of pH, protein concentration, surfactant
density, turbidity, purity, and particle density based on comparisons of the respective samples.
[0042] FIG. 6 shows a table 601 illustrating example scaling factors for a small-scale mixer in
accordance with aspects of the present disclosure. In particular, table 601 relates dimensions of
example small-scale mixers 603A, 603B, 603C, 603D, and 603E with respective dimensions of
at-scale mixers 605A, 605B, 605C, 605D, and 605E. The dimensions include associations between
fill volume (L) 609, cone height 611, cylindrical fill height 613, total fill height (H) 615, tank
diameter (T) 617, impeller diameter (D) 619, slant height 621, and bottom diameter 623. The
respective dimensions of the small-scale mixers 603 A-603E and the at-scale mixers 605A-605E
can be associated by corresponding scaling factors 625. As described previously herein, the ratios
between the dimensions 613-623 of the respective small-scale mixers 603A-603E and the at-scale
mixers 605A-605E can be substantially the same scaling factors 625. For example, the fill volume
(L) 609, cone height 611, cylindrical fill height 613, total fill height (H) 615, tank diameter (T)

617, impeller diameter (D) 619, slant height 621, and bottom diameter 623 of the small-scale mixer

11
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603 A and the at-scale mixer 605A can be scaled using the same scaling factor 625, such as 2.2.
The dimensions 609-623 of the small-scale mixers 603B-603E and corresponding at-scale mixers
605B-605E have scaling factors of 3.7, 4.6, 5.8, and 7.9  respectively.

[0043] FIGS. 7, 8, and 9 show tables 701, 801, and 901 illustrating example scaling factors
625 for determining dimensions of impeller diameter 703, impeller height 705, and impeller
thickness 707 of example small-scale mixer impellers 405 based on respective dimensions of
corresponding at-scale mixer impellers 305 in accordance with aspects of the present disclosure.
The dimensions 703, 705 and 707 of the small-scale mixer impellers 405 and corresponding at-
scale mixers impellers 305 have scaling factors of 3.7, 4.6, 5.8, and 7.9 respectively, as described
above.

[0044] FIG. 10 shows a table 1001 illustrating ratios between impeller dimensions of example
at-scale mixer impellers in accordance with aspects of the present disclosure. Table 1001
associates at-scale mixers 1003 A, 1005A, and 1007A, with respective tank fill volumes (L) 609,
tank heights (H) 613, tank diameters (T) 617, impeller diameters (D) 619, tank aspect ratios (H/T)
627, and impeller ratios (D/T) 629. The at-scale mixers 1003A, 1005A, and 1007A, the tank fill
volumes 609, the tank heights 613, the tank diameters 617, the impeller diameters 619, the tank
aspect ratios 627, and the impeller ratios 629 can be the same or similar to those previously
discussed above. In some implementations, the at-scale mixers 1003A, 1005A, and 1007A can be
mixers of a same type, product, or system (e.g., mixers from a same manufacturer) having different
capacities. As illustrated in FIG. 10, the at-scale mixers 1003A, 1005A, and 1007A can have
respective impeller ratios 629, such as about 0.234, about 0.191, and about 0.153. In some
implementations, the dimensions of an impeller of a small-scale mixer (e.g., impeller 405) is based

on one of the at-scale mixers 1003A, 1005A, and 1007A having the greatest impeller ratio 629 to

12



WO 2022/031983 PCT/US2021/044768
13

improve shear stress on the impeller.

[0045] FIG. 11 shows a table 1101 illustrating reproducibility of example small-scale mixers
1105A, 1105B, 1105C, and 1105D generated in accordance with aspects of the present disclosure.
The table 1101 associates the measurements of respective tank diameters (T) 617 and cylinder fill
heights 613 measure for the small-scale mixers 1105A-1105D. Additionally, for the tank diameter
617 and cylinder fill height 613 for the tanks 1105A-1105D, table 1101 illustrate averages 1109,
standard deviation 1111, expected measurement 1113, and percent error 1115 of the average
measurement 1109 from the expected measurements 1113 of the tank diameter 617 and cylinder
fill height 613. For example, for tank 1105A, the table 1101 shows the average 1109 of the
measured tank diameters 617 is 128.875 cm and has a standard deviation 1111 of the measured
tank diameters 617 is 0.005. Further, the average 1109 of the measured tank diameters 617 is
128.875, which is a percent error 1115 of 0.13% from the expected measurements 1113 of the tank
diameter 617 of 129.048 cm.

[0046] FIG. 12 shows a table 1201 illustrating reproducibility of example impellers (e.g.,
impeller 405) of small-scale mixers 1205A, 1205B, and 1205C in accordance with aspects of the
present disclosure. The table 1201 associates measurements of respective impeller diameters (D)
703, blade heights (BH) 705, and blade thicknesses (W) 707 for the impellers. Additionally, for
the impeller diameters (D) 703, blade heights (BH) 705, and blade thicknesses (W) 707 of the
impellers 1205A-1205C, table 1201 illustrates averages 1209, standard deviation 1211, expected
measurement 1213, and percent error 1215 of the average measurement 1109 from the expected
measurements 1213 of the impeller diameters (D) 703, blade heights (BH) 705, and blade
thicknesses (W) 707. For example, for tank 1205A, the table 1201 shows the average 1209 of the

measured impeller diameter 703 is 30.350 mm and a standard deviation 1111 of the measured
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impeller diameter 703 is 0.058. Further, the average 1209 of the measured impeller diameter 703
is 30.350, which is a percent error 1215 of 0.79% from the expected measurements 1213 of the
impeller diameter 703 of 30.590 mm.

[0047] FIG. 13 shows a table 1301 illustrating differences between measured ratios 1305
between impeller diameter 703 and tank diameter 617 for example at-scale mixers 1105A, 1105B,
and 1105C and expected ratios 1307. Further, for the tank diameters 617 and the impeller diameters
(D) 703, table 1301 illustrates percent error 1309 between the measured ratio 1305 and the
expected ratio 1307. For example, for at-scale mixer 1105A, the table 1301 shows the measured
ratio 1305 1s 0.235, the expected ratio is 0.234, and the error is 0.64%

[0048] FIG. 14 shows a table 1401 illustrating examples differences between setting speed
1403 (rpm) and measured speed 1405 (rpm) of a small-scale mixer impeller in accordance with
aspects of the present disclosure.

[0049] FIG. 15 shows a bar chart 1501 illustrating examples a comparison between average
surface roughness of an at-scale mixer impeller (e.g., at-scale mixer impeller 305 of at-scale mixer
105), of a small-scale mixer impeller (e.g., small-scale mixer impeller 405 of small-scale mixer
103) before smoothing, and of the small-scale mixer impeller after smoothing in accordance with
aspects of the present disclosure. More specifically, bars 1505A, 1505B, and 1505C illustrate the
average roughness of the small-scale mixer impeller before smoothing measured at the impeller
blade, impeller top, and impeller sides, respectively. Bars 1507A, 1507B, and 1507C illustrate the
average roughness of the at-scale mixer impeller measured at the impeller blade, impeller top, and
impeller sides, respectively. And bars 1509A, 1509B, and 1509C illustrate the average roughness
of the small-scale mixer impeller after smoothing measured at the impeller blade, impeller top,

and impeller sides, respectively. In some implementations, the smoothing can comprise dipping
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the small-scale mixer impeller twice (2X) in a solvent bath or exposing it to solvent vapor, as
described previously herein. For example, the smoothing can include dipping the small-scale in
solvent twice, followed by exposing the small-scale mixer to evaporated solvent under a chemical
fume hood for six or more hours. The roughness can be measured using a contact profilometer, a
conformal microscope, or other suitable measuring device. As shown, the smoothing reduced the
roughness of the small-scale mixer impeller to substantially the same roughness as that of the at-
scale mixer impeller.

[0050] FIG. 16 shows a bar chart 1601 illustrating examples a comparison between average
surface roughness of mixer tanks of an at-scale mixer (e.g., at-scale mixer 105), of a small-scale
mixer before smoothing (e.g., rough small-scale mixer 103), and of the small-scale mixer after
smoothing (e.g., smoothed small-scale mixer 103) in accordance with aspects of the present
disclosure. More specifically, bar 1605 illustrates the average roughness of the small-scale mixer
tank before smoothing, bar 1607 illustrates the average roughness of the at-scale mixer tank, and
bar 1609 illustrates the average roughness of the small-scale mixer tank after smoothing. In some
implementations, the smoothing can comprise dipping the small-scale mixer tank in a solvent bath
or exposing the small-scale mixer tank to solvent vapor, as described previously herein.

[0051] FIG. 17 shows images 1703, 1705, 1707, and 1709 illustrating respective impeller
surface roughness 1713, 1715, 1717, and 1719 of an example small-scale mixer impeller in
accordance with aspects of the present disclosure. The image 1703 shows an at-scale impeller
blade (e.g., of at-scale impeller 305). Images 1705, 1707 and 1709 show images of a small-scale
impeller blade (e.g., of small-scale impeller 405) after dipping into dichloromethane 1x, 2x and
3x, respectively. As illustrated, the smoothing value in the 2x case shown in image 1707

substantially matches the smoothing value of the at-scale impeller blade in image 1703.
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[0052] FIGS. 18-27 illustrate example processes for validating small-scale mixers generated
in accordance with aspects of the present disclosure to model performance of a small-scale mixer
in comparison to performance of a corresponding at-scale mixer. The small-scale mixer and the
at-scale mixer can be the same or similar to those previously described herein (e.g., small-scale
mixer 103 and at-scale mixer 105). In some implementations, the product used in the process is a
biopharmaceutical product. For example, the biopharmaceutical product can comprise a shear
sensitivity molecule, such as a formulated drug substance (“FDS”). In some implementations, the
biopharmaceutical product can also include a surfactant. Additionally, in some implementations,
the processes determine effects of shear stress from mixing products using the small-scale mixer
versus the at-scale mixer. For example, the determination of effects is based on constant impeller
tip speed and/or power-to-volume ratio (P/V). Impeller tip speed is the velocity of the outer edge
of the impeller. As the highest mixing shear stress occurs at the impeller tip, maintaining a constant
tip speed of the small-scale mixers with respect to the at-scale mixer avoids damage to products,
such as, biopharmaceutical proteins. Power-to-volume ratio (P/V) is the effective energy input by
unit volume of fluid. P/V (W/m3 (SI unit)) can be determined using the following equation,
wherein Np is power number, p is density of the fluid (kg/m3), N is impeller speed (rpm or s-1),
and D is Diameter of the impeller (m):

P _Np pN3D5 O

74 74
[0053] Further, in some implementations, the size of the small-scale mixer used in the process
represents a worst-case scenario. For example, among a set of small-scale mixers having respective
volumes scaled from an at-scale mixer, the worst-case scenario can be the small-scale mixer having

the smallest size and the greatest scaling factor and, therefore, generating the greatest shear force.

[0054] FIGS. 18-20 illustrate an example validation process in accordance with aspects of the
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present disclosure. FIG. 18 shows a table 1801 illustrating example parameters of an at-scale mixer
1802 and a small-scale mixer 1803. In table 1801, column 1805 includes dimensions of an at-scale
mixer 1802, including: a volume of about 2 L, an impeller diameter (D) of about 65.9 mm, and a
tank diameter (T) of about 278 mm. Column 1807 includes dimensions of a corresponding small-
scale mixer 1803, including: a volume of about 0.2 L, an impeller diameter (D) of about 31 mm,
and a tank diameter (T) of about 129 mm. In some implementations, the dimensions of the small-
scale mixer 1803 represent a worst-case scenario such that validation of the small-scale mixer 1803
also validates other small-scale mixers corresponding to the at-scale mixer 1802. For example, the
small-scale mixer 1803 may have the greatest scaling factor (e.g., 7.9) among the example small-
scale mixers described above regarding FIGS. 7, 8, and 9.

[0055] In accordance with the present example, the process illustrated in FIGS. 18-20
compares mechanical shear by mixing product with impellers of the at-scale mixer 1802 and the
small-scale mixer 1803 (e.g., impeller 405 and impeller 305) operating at a constant tip speed of
0.626 m/s and 0.621 m/s, respectively. FIGS. 19 and 20 show tables 1901 and 2001 illustrating a
comparison of the product mixed using at-scale mixer 1802 and the small-scale mixer 1803. More
specifically, columns 1903 and 2003 indicate samples of the product taken at different times from
the start of mixing, including at 0 minutes (T0), 30 minutes (T30), 60 minutes (T60), 90 minutes
(T90), 150 minutes (T150), 240 minutes (T240), 300 minutes (T300), 480 minutes (T480), and
1,320 minutes (T1320). Corresponding to the sample times TO to T1320 in columns 1903 and
2003, column 1905 compares pH of the product mixed using at-scale mixer 1802 and the small-
scale mixer 1803. Column 1907 compares protein concentration of the product mixed using at-
scale mixer 1802 and the small-scale mixer 1803. Column 1909 compares surfactant density

(percent w/v) of the product mixed using at-scale mixer 1802 and the small-scale mixer 1803.
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Column 1911 compares turbidity of the product mixed using at-scale mixer 1802 and the small-
scale mixer 1803. In table 2001 of FIG. 20, column 2005 compares purity of the product mixed
using at-scale mixer 1802 and the small-scale mixer 1803. Column 2007 compares particle density
(#/ml) of the product mixed using at-scale mixer 1802 and the small-scale mixer 1803. As indicated
in tables 1901 and 2001, the modeling process validates that there no substantial difference in
quality of the product mixed in the at-scale mixer 1802 and the corresponding small-scale mixer
1803 in terms of pH, protein concentration, surfactant density, turbidity, purity, and particle
density.

[0056] FIGS. 21-24 illustrate another example validation process in accordance with aspects
of the present disclosure. The present example validates quality of a product (e.g., a fully human
monoclonal antibody) mixed without any surfactant (e.g., PS 20) using the small-scale mixer 1803
versus the at-scale mixer 1802. The validation process evaluates two approaches of scaling the at-
scale based on different parameters: at-scale mixer 1802A is scaled for constant power-per-volume
(P/V) and at-scale mixer 1802B is scaled for mixing at constant impeller tip speed. As shown in
column 2105, 2107, and 2109, the dimensions of the at-scale mixer 1802A, 1802B and small-scale
mixer 1803 can be the same or similar to those described above regarding FIGS. 18-20. Further,
in accordance with the present example, the 0.483 m/s tip speed of the at-scale mixer 1802B
indicated in column 2105 can be substantially equal to the 0.481 m/s tip speed of the small-scale
mixer indicated in column 2109. Additionally, in accordance with the present example, the 43.0
W/m? power-per-volume of the at-scale mixer 1802B indicated in column 2107 (e.g.,) can be
substantially equal to the 43.3 W/m? power-per-volume of the small-scale mixer 1803 indicated in
column 2109.

[0057] FIGS. 22, 23, and 24 show tables 2201, 2301 and 2401 illustrating results of the
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comparison of the at-scale mixer 1802A, 1802B and the small-scale mixer 1803 described above
regarding FIG. 21. More specifically, columns 2205, 2305, and 2405 indicate samples of the
product taken at different times from the start of mixing of a product, including at 0 hours (T0),
one hour (T1h), two hours (T2h), five hours (T5h), eight hours (T8h), 24 hours (T24h), and 30
hours (T30h). Corresponding to the individual sample times TOh to T30h, columns 2207 compares
pH of the product mixed using at-scale mixer 1802A, 1802B and the small-scale mixer 1803.
Column 2209 compares protein concentration of the product mixed using at-scale mixer 1802 and
the small-scale mixer 1803, illustrating no change in total protein concentration from the control
(or TO) to T30h. Column 2211 compares turbidity of the product mixed using at-scale mixer 1802
and the small-scale mixer 1803. In FIG. 23, column 2307 of table 2301 compares purity of the
product mixed using at-scale mixer 1802A, 1802B and the small-scale mixer 1803. In FIG. 24,
column 2407 of table 2410 compares particle quantity-per-volume (#/ml) of the product mixed
using at-scale mixer 1802A, 1802B and the small-scale mixer 1803. In accordance with some
implementations, the example illustrated in FIGS. 21-24 represent a worst-case tip shear value for
the small-scale mixer (e.g., 9.791 s in column 2109), which can represent very high with regard
to tip shear value for the at-scale mixer (e.g., 4.555 s'in column 2105 and 5.857 s!in column
2107), as evident by increased turbidity 2211. By evaluating the small-scale mixer 1803 in the
worst-case, the evaluation determines whether products mixed using the small-scale mixer 1803
would be affected when mixed using the at-scale mixer 1802A and 1802B.

[0058] FIGS. 25-27 illustrate another example validation process in accordance with aspects
of the present disclosure. The example process of FIGS. 25-27 involves mixing a product (e.g., a
fully human monoclonal antibody) without surfactant (e.g., PS 20). The validation process

evaluates an example mixing of product using a substantially constant tip speed during two-phases
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of the process. The present example assesses stresses in the small-scale mixer 180 due to shear
stress, cavitation (foaming, bubbles) and air/water interface stress. In accordance with the present
example, the first phase (TOh-T4h) shown in FIG. 25 operates for four hours and the second phase
(T4h-T24h) shown in FIG. 26 operates for 20 additional hours. As shown in column 2105, 2107,
and 2109, the dimensions of the at-scale mixer 1802A and small-scale mixer 1803 can be the same
or similar to those described regarding FIGS. 18-20. In a first phase of the present example shown
in table 2501 of FIG. 25, the at-scale mixer 1802A can mix the product at a tip speed of 1.242 m/s
and a 360 RPM maximum, and the small-scale mixer 1802A can mix the product at a tip speed of
1.252 m/s and a 780 RPM maximum. In a second phase of the present example shown in table
2601 of FIG. 26, tip speed is reduced due to foaming. In the present example of FIG. 26, the at-
scale mixer 1802A can mix the product at a tip speed of 0.863 m/s and a 250 RPM maximum, and
the small-scale mixer 1802A can mix the product at a tip speed of 0.867 m/s and a 540 RPM
maximum. In the above example, the product can be a fully human monoclonal antibody drug
substance (DS), which may be highly sensitive to shear (in general). Prior to each mixing study,
the bulk drug substance may be diluted to the final formulated drug substance (FDS), using, for
example, 10mM sodium phosphate, 5% (w/v) sucrose, 40mM sodium chloride, and with or without
PS20, at pH 6.2. The physical properties of the formulated drug substance can be density: 1.02536
g/cm3, viscosity: 1.504 cP (at 20°C), 1.293 cP (at 25°C).

[0059] FIG. 27 shows a table 2701 illustrating results of the process comparing the at-scale
mixer 1802B and the small-scale mixer 1803 described above regarding FIG. 25 and 26. More
specifically, column 2705 indicate samples taken at different times from the start of mixing of a
product, including at 0 minutes (T0), 30 minutes (T30), 60 minutes (T60), 90 minutes (T90), 150

minutes (T150), 240 minutes (T240), 300 minutes (T300), 420 minutes (T420), 480 minutes
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(T480), and 1,440 minutes (T1440). Column 2707 compares pH of the product mixed using at-
scale mixer 1802B and the small-scale mixer 1803. Column 2709 compares protein concentration
of the product mixed using at-scale mixer 1802B and the small-scale mixer 1803. Column 2711
compares turbidity of the product mixed using at-scale mixer 1802B and the small-scale mixer
1803. Column 2713 compares purity of the product mixed using at-scale mixer 1802B and the
small-scale mixer 1803. Column 2715 compares particle quantity per volume (#/ml) of the product
mixed using at-scale mixer 1802B and the small-scale mixer 1803. Table 2701 indicates that the
samples experienced higher shear stress, hence higher increase in turbidity, purity, and particulate

matter. Therefore, the small-scale mixer could be used to evaluate shear stress mixing.

[0060] The present disclosure is not to be limited in terms of the particular implementation
described in this application, which are intended as illustrations of various aspects. Many
modifications and variations can be made without departing from its spirit and scope, as will be
apparent to those skilled in the art. Functionally equivalent methods and apparatuses within the
scope of the disclosure, in addition to those enumerated herein, will be apparent to those skilled in
the art from the foregoing descriptions. Such modifications and variations are intended to fall
within the scope of the appended claims. The present disclosure is to be limited only by the terms
of the appended claims, along with the full scope of equivalents to which such claims are entitled.
It is also to be understood that the terminology used herein is for the purpose of describing
examples of implementations and is not intended to be limiting.

[0061] With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can translate from the plural to the singular and/or from the singular to the

plural as is appropriate to the context and/or application. The various singular/plural permutations
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may be expressly set forth herein for sake of clarity.

[0062] It will be understood by those within the art that, in general, terms used herein, and
especially in the appended claims (e.g., bodies of the appended claims) are generally intended as
“open” terms (e.g., the term “including” should be interpreted as “including but not limited to,”
the term “having” should be interpreted as “having at least,” the term “includes” should be
interpreted as “includes but is not limited to,” etc.). It will be further understood by those within
the art that if a specific number of an introduced claim recitation is intended, such an intent will
be explicitly recited in the claim, and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more” to introduce claim recitations. However, the
use of such phrases should not be construed to imply that the introduction of a claim recitation by
the indefinite articles “a” or “an” limits any particular claim containing such introduced claim
recitation to implementations containing only one such recitation, even when the same claim
includes the introductory phrases "one or more" or "at least one" and indefinite articles such as “a”
or “an” (e.g., “a” and/or “an” should be interpreted to mean “at least one” or “one or more”); the
same holds true for the use of definite articles used to introduce claim recitations. In addition, even
if a specific number of an introduced claim recitation is explicitly recited, those skilled in the art
will recognize that such recitation should be interpreted to mean at least the recited number (e.g.,
the bare recitation of "two recitations," without other modifiers, means at least two recitations, or
two or more recitations). Furthermore, in those instances where a convention analogous to “at least
one of A, B, and C, etc.” is used, in general such a construction is intended in the sense one having

skill in the art would understand the convention (e.g., “a system having at least one of A, B, and

C” would include but not be limited to systems that have A alone, B alone, C alone, A and B
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together, A and C together, B and C together, and/or A, B, and C together, etc.). In those instances
where a convention analogous to “at least one of A, B, or C, etc.” is used, in general such a
construction is intended in the sense one having skill in the art would understand the convention
(e.g., “a system having at least one of A, B, or C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C together, B and C together, and/or A,
B, and C together, etc.). It will be further understood by those within the art that virtually any
disjunctive word and/or phrase presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For example, the phrase “A or B” will be
understood to include the possibilities of “A” or “B” or “A and B.” In addition, where features or
aspects of the disclosure are described in terms of Markush groups, those skilled in the art will
recognize that the disclosure is also thereby described in terms of any individual member or

subgroup of members of the Markush group.
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CLAIMS

1. A system for producing a small-scale mixer, the system comprising:

a three-dimensional printer configured to produce the small-scale mixer having a first
plurality of dimensions based on a respective plurality of dimensions of an at-scale mixer and
based on a second plurality of dimensions independent of the plurality of dimensions of the at-
scale mixer; and

a smoothing apparatus configured to smooth a surface of the small-scale mixer.

2. The system of claim 1, wherein a scaling factor relates the first plurality of dimensions

of the small-scale mixer to the plurality of dimensions of the at-scale mixer.

3. The system of claim 1, wherein the first plurality of dimensions of the small-scale mixer
and the plurality of dimensions of the at-scale mixer comprise impeller clearance off bottom of
mixer (C), impeller diameter (D), liquid level (H), rotational speed (N), tank diameter (T), blade

width (W), blade height (BH), and baffle width (WB).

4. The system of claim 1, wherein the second plurality of dimensions correspond to

physical forces imparted on an impeller of the small-scale mixer during mixing of a solution.

5. The system of claim 1, wherein the three-dimensional printer is configured to produce

the small-scale mixer using one of the following: PC (polycarbonate), ABS (acrylonitrile butadiene

styrene), PLA (polylactic acid), PET (polyethylene terephthalate), nylon, metal, and glass/PET.

24



WO 2022/031983 PCT/US2021/044768
25

6. The system of claim 1, wherein the smoothing apparatus is configured to mechanically

smooth the surface of the small-scale mixer.

7. The system of claim 1, wherein the smoothing apparatus is configured to chemically

smooth the surface of the small-scale mixer using a volatile solvent bath.

8. The system of claim 7, wherein the volatile solvent is acetone or dichloromethane.

9. A method for producing a small-scale mixer, the method comprising:

obtaining dimensions of an at-scale mixer;

determining a first plurality of dimensions of the small-scale mixer based on a respective
plurality of dimensions of the at-scale mixer;

determining a second plurality of dimensions of the small-scale mixer independent of the
plurality of dimensions of the at-scale mixer; and

generating the small-scale mixer using the first plurality of dimensions and the second

plurality of dimensions.

10. The method of claim 9, further comprising:

smoothing a surface of the small-scale mixer.

11. The method of claim 10, wherein smoothing comprises mechanically abrading the

surface of the small-scale mixer.
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12. The method of claim 10, wherein smoothing comprises chemically polishing the

surface of the small-scale mixer using a volatile solvent.

13. The method of claim 9, wherein the first plurality of dimensions of the small-scale
mixer and the dimensions of the at-scale mixer comprise impeller clearance off bottom of mixer
(C), impeller diameter (D), liquid level (H), rotational speed (N), tank diameter (T), blade width

(W), blade height (BH), and baffle width (WB).

14. The method of claim 9, wherein determining the second plurality of dimensions of the
small-scale mixer comprises determining physical forces on an impeller of the small-scale mixer

during mixing of a solution.

15. The method of claim 9, wherein generating the small-scale mixer comprises three-

dimensionally printing the small-scale mixer.

16. The method of claim 15, wherein three-dimensionally printing comprises producing
the small-scale mixer using one of the following: PC (polycarbonate), ABS (acrylonitrile butadiene

styrene), PLA (polylactic acid), PET (polyethylene terephthalate), nylon, metal, and glass/PET.

17. The method of claim 9, further comprising

generate a first volume of a first product using the at-scale mixer;

generate a second volume of the first product mix using the small-scale mixer; and
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compare one or more physical parameters of the first volume and the second volume.

18. The method of claim 17, further comprising:

comparing shear stress of generating the first volume with shear stress of generating the

second volume.

19. The method of claim 18, wherein the shear stress comprises shear stress imparted on

an impeller of the small-scale mixer.

20. The method of claim 17, wherein the physical parameters include one or more of visual

inspection, pH, protein concentration, turbidity, purity, and particulate density.
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