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Many manufacturing processes for active pharmaceutical ingredients (APIs) and their manufacturing inter-

mediates consist of reaction, post-processing, crystallization, filtration and drying operations. Particularly dur-

ing filtration operations, we sometimes have operational troubles which can cause product quality deterioration

and a large decrease in productivity and work efficiency. Therefore, it is important to stabilize filtration opera-

tion during API manufacturing processes.

In this paper, we would like to introduce several scale-up techniques from a small experimental scale to a

commercial manufacturing scale by focusing mainly on operational condition setting of key parameters in cen-

trifugal filtration processes.

This paper is translated from R&D Report, “SUMITOMO KAGAKU”, vol. 2007-1II.

Introduction

Most of the processes for the manufacturing of
active pharmaceutical ingredients and intermediates
consist of a flow with reactions, post-processing, crys-
tallization, filtration and drying operations. If problems
occur in filtering operations, it often leads to reductions
in product quality, large reductions in productivity and
efficiency, and it is important to stabilize filtering
processes in the manufacturing processes for pharma-
ceuticals.

Centrifugal separators, pressure filters and reduced
pressure filters are typically used for this filtration, and
among these many centrifugal separators have been
introduced because of their large processing capacity
and easy automation.

To minimize the trouble with centrifugal separators
during manufacturing, we think that it is necessary to
improve the techniques for measuring basic physical
properties, testing techniques, techniques for increas-
ing the scale and techniques for operating equipment
for filtering in addition to stabilizing crystallization
processes (grain diameter, etc.).

In this paper, we will introduce techniques for
increasing the scale from a small experimental scale to
manufacturing scale for setting (1) slurry mixture and
filter cake rinsing parameters and (2) cake deliquoring
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operation parameters in filtering operations using a
centrifugal separator (centrifugal filtering in the fol-

lowing).V

Problems in Centrifugal Filtering

Table 1 gives the details of problems in centrifugal
filtering and the causes for their occurrence. The caus-
es of these problems can be divided into ones that arise
in the processes before filtering and ones that arise

during centrifugal filtering.

Operating Techniques for Centrifugal Separa-
tors

A single cycle for centrifugal filtering is slurry feed,
deliquoring, rinsing, deliquoring, (shaking out), cake
scraping and (detachment of filter bed), and several
cycles are normally required for filtering all of the slur-
ry. There is cake that is easy to compress and cake that
is difficult to compress, and as will be discussed later,
this greatly affects the filtering time.

Based on getting a grasp of the compressibility of
the cake, it is possible to promote filtering rate stabili-
ty, rinsability, deliquorability and improvements in
cake separability. The operating pattern is shown in
Fig. 1.
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troubles in filtration process

cause

reaction and crystallization

change in size/
size distribution of crystals

change in composition of reaction mixture

change in crystallization conditions

crystallization slurry mixing/
feeding of slurry to filters

generation of finely-divided crystals
increase of residual impurities

shear by slurry mixer and pump

time degradation of crystallization slurry

centrifugal filtration imbalance of filtration cake inappropriately-oriented slurry nozzle of filters
small cake filtration resistance
overflow of slurry or supernatant too-fast feeding
vibration of filter
increase in filtration time lower cake filterability
clogging of filter medium
masking of filter medium surface with fine crystals
increase of residual impurities imbalance of filtration cake
inappropriately-oriented rinse nozzle of filters
masking of cake surface with fine crystals
nonuniformly-compressed cake
poor cake removability high liquid content of deliquored cake
filter cake compression
inappropriate cake remover
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Increasing the Scale of Slurry Feed and Rins-
ing Operations

We will describe a technique for increasing the scale
from small-scale experimental data to actual equipment
using mean specific filtration resistance ows, and the
compression index 7, which are basic physical proper-

ties of filtration.

1. Concept of increasing the scale

We will explain the basic theory of filtering using
Fig. 2. The driving force for the filtrate passing
through the filter medium and the cake is the differ-
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ence in pressure Ap on the slurry side and the filter
medium side. Centrifugal, pressure and reduced pres-
sure filtering just have different operations that provide
Ap, and can use the same filtering theory.

If the scale for centrifugal filtering is increased keep-
ing the centrifugal effect Z (= 7w?2/g, where w is the
angular velocity of rotation and g is gravitational accel-
eration) using the basket radius 7, for the centrifugal
separator, Ap (= prw? (ro — r1), where py is the filter
density and 7y, is in the radius of the liquid membrane
during filtering) increases from small centrifugal sepa-
rators (6 inch, 15 inch, etc.) to actual equipment (48

inch, etc.) as is shown in Fig. 3, and if the cake has
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BGEEEN  Relationship between centrifugal effect and
centrifugal filtration pressure
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high compressibility (cake with a large #), it is com-
pressed. Because of this there are problems such as
reduction in filtration rate, reduction in rinsing efficien-
cy and poor detachment of the filter bed.

Therefore, it is necessary to increase the scale of
centrifugal filtration keeping Ap constant. Fig. 4
shows a cross-section of a centrifugal separator for cal-
culating Ap.

2. Estimating feed and rinsing time

It is possible to estimate the filtering time when the
scale is increased by measuring ows and # in small-
scale experiments. Along with the slurry feed and
cake rinsing liquid supply, various filtering times are
calculated for the liquid supply time. This can be done
with liquid supply time 01 = uz;WVioa/ (2ApA%) and
rinsing time 02 = u2WV2 - oar/ (2ApA2) (where is the
viscosity of the filtrate, W the cake mass, V the vol-
ume of the filtrate and A the area of the filter). More-
over, oav can be expressed by a pressure function
(0tav = cLpAp™).
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tion resistance and compressibility of filtration
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e.g. typical APIs
n=04~08
1.0E+12 [
'%c LOE+11 f . ‘A.O A o . 1025
E = 7=050
8 A n=1.00
3 1.0E+10 [0 o n=195
20
1.0E+09

0 50 100 150 200 250 300 350

Slurry feed time [min]

BEEEE  Average specific filtration resistance plotted

against slurry feed time
1OE+12
* n=025
m 7 =0.50
Eﬂ LOE+11 | om e A n=1.00
> onme on=125
§ LOE+10 o n .
n
1.0E+09 ‘ : : ‘ ‘
0 20 40 60 80 100

Cake thickness [mm]

PGEEE  Average specific filtration resistance plot-
ted against cake thickness

3. Mean specific filtration resistance and com-
pression index

Table 2 gives the criterion for o and #. Presuming
filtration of oy particles with an upright centrifugal sep-
arator, Fig. 5 is the results of calculations of the rela-
tionship between owv and slurry feed time 61 for the
case of the case of a fixed cake thickness of 94 mm. We
see that when o > 101° m/kg, 61 increases. Fig. 6 is
the result of calculations of the relationship between
oav and cake thickness when 61 is fixed at 10 minutes.
We see that when o > 1019 m/kg, the cake thickness



gets thinner, and that the thickness becomes one
where it is difficult to scrape the cake with an upright
centrifugal separator. Thus, we can see that any filter-
ing using an upright centrifugal separator a criterion of
o < 1019 m/kg is preferable for cua.

4. Measurement of mean specific filtration resis-
tance
The constant pressure filtration test equipment and
the compression permeability test equipment shown in
Figs. 7 and 8 were used to measure o and 7.

Filtrate

Constant pressure filtration test equipment

Liquid inlet

hl ++
Compression
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Permeating
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:> Filter paper
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BGEEEEN  Compression permeability test equipment

Table 3 compares the features of the constant pres-
sure filter test equipment and the compression perme-
ability test equipment. The compression permeability
test equipment compresses the cake at the measure-
ment pressure, forces a liquid to permeate it in that

state and measures the partial specific resistance o,
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11558 Comparison of constant pressure filtration
test and compression permeability test

constant pressure compression
filter test permeability test

purpose of Olav op
measurement n n
accuracy of results fair very good
cost low high
equipment size small large
handling very easy easy
measurement time short long

and owav is calculated. With this method, accurate
results are obtained because a cake that corresponds to
the measurement pressure is consolidated reliably.

The measurement method for the constant pressure
filter test equipment sets the filter media to be used for
increasing the scale, and after preparing the slurry,
pressurizes it and measures the amount of liquid out-
flow along with time.

These results are analyzed using Ruth’s filtration
equation and oww, 7 is calculated. Since it is difficult to
consolidate a cake that corresponds to the pressure
applied, the accuracy of the data from this method is
somewhat inferior.

To measure oav accurately using the constant pres-
sure filter test equipment, the most important point is
that the cake is compressed in a consolidated state cor-
responding to the filtration pressure. We have opti-
mized the filtration test time so that the cake is formed
in a reliable consolidated state. This has made accurate
measurements of ozw possible using constant pressure

filter test equipment.
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The measurement results for the constant pressure
filter test equipment and the measurement results for
the compression permeability test equipment are com-
pared in Figs. 9 and 10.

5. Mean specific filtration resistance, compres-
sion index and solid content of filter cake
Fig. 11 shows the relationship between our mea-
sured using the constant pressure filtration test equip-
ment and #. There is a tendency where # becomes larg-
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er (compression becomes easier) if oy increases (fil-
tering gets poorer).

Fig. 12 shows the relationship between the solid
content in a wet cake filtered by a centrifugal separator
and oar. One can see that there is a tendency for the
solid content in the wet cake to become smaller if o

increases.

Increasing the Scale of Deliquoring Operations?

To estimate the deliquoring time using a centrifugal
separator, the average liquid content of the cake after
deliquoring has conventionally been found using a
small centrifugal separator (6 inch) and a mid-sized
centrifugal separator (15 inch diameter, etc.). As a
result of examining methods for testing with a smaller
sample, it has become possible to find the liquid con-

tent simply using a table tops interviews (Fig. 13).

IEEEEN Table-top centrifuge

We will compare the measurement results for aver-
age liquid content with the small and mid-sized cen-
trifugal separators and the tabletop centrifuge and
introduce a test method for the tabletop centrifuge.

1. Average liquid content, average centrifugal
effect and pressure for centrifugal deliquoring
Fig. 14 shows the relationship between the average
liquid content of the cake and the centrifugal effect Z,
and Fig. 15 shows the relationship between the aver-
age liquid content and the apparent pressure Ap’ for
centrifugal deliquoring. The small centrifugal separator
has a diameter of 6 inches, and the mid-sized centrifu-
gal separator has a diameter of 15 inches. When adjust-
ed for Z, the two average liquid content scales did not

agree, but then when adjusted for Ap’ as defined below
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it, they agree well. Apparent pressure for centrifugal
deliquoring Ap” = (prw? (re? — 72) is the calculated
pressure when the liquid density py is substituted for
the wet cake density.

2. Deliquoring test method using tabletop cen-
trifuge

Fig. 16 shows the deliquoring experiment method
using the tabletop centrifuge.

Paper is put into a filtering tube, and the wet cake is
inserted. Next, the filter tube is put into the centrifugal
sedimentation tube, and set into the tabletop cen-
trifuge. The speed is set for a Ap’ close to the operating

conditions for the increased scale, and the deliquoring
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time and change in weight of the filter tube are mea-
sured. By this means the relationship between the

average liquid content and Ap’is obtained.

Mother liquor

Wet cake @jf IE
U <

Electric weight

Centrifugal sedimentation tube @
Calculation of cake liquid content

IEEEIEE Procedure of deliqoring experiment by ta-
ble-top centrifuge

3. Cake compressibility and average liquid content

Fig. 17 shows the relationship between uncom-
pressed cake and Ap’, and Fig. 18 shows the relation-
ship between the average liquid content of cake with
compressibility and Ap’. The average liquid content for
the cake with compressibility and the uncompressed
cake agreed for the tabletop centrifuge and a small cen-
trifugal separator used in the same manner. This
shows that measurement of the average liquid content
that has been carried out in small and mid-sized cen-
trifugal separators can be carried out using a tabletop
centrifuge.
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Conclusion

In this paper, we have introduced the fact that it is
possible to estimate the filtering time when increasing
the scale in slurry feed and rinsing operations by
obtaining owr and 7z using constant pressure filtration
test equipment as the technique for scaling up to pro-
duction from small-scale experiments and that it is
possible to estimate the deliquoring time and average
liquid content by obtaining deliquoring data using a
tabletop centrifuge. By making it possible to obtain the
data for increasing the scale using small-scale experi-
ments, it is possible to reduce the centrifugal separa-
tor tests at the middle scale for obtaining data for
increasing the scale in solid-liquid separation opera-
tions using centrifugal separators and to increase effi-
ciency of testing.

Scale-up of Centrifugal Solid-Liquid Separation

We would be happy to see the technique for increas-

ing the scale introduced here used in industrialization
research in the future.

Symbols Used

: filter area [m?2]

A

g :gravitational acceleration [m/s?]

H : centrifugal separator basket height [m]

n :compression index [-]

Ap : filtration pressure [Pa]

Ap’: apparent centrifugal deliquoring pressure [Pa]

7o : outside radius of the centrifugal separator bas-
ket [m]

re :radius of cake inside surface [m]

7y :radius of liquid membrane during filtering [m]

: filtrate volume [m?]

: cake mass [kg]

N g <

: centrifugal effect [-]

o : mean specific filtration resistance [m/kg]

op : partial specific filtration resistance [m/kg]

0o :0av =0 (Ap)" [m/kg]

@ filtration time [s]

pr filtrate density [kg/m?]

uy, - filtrate viscosity [Pa - s]

w : angular velocity of rotation of centrifugal sepa-
ration [rad/s]

References

1) K. Takahashi, Centrifugal Solid-Liquid Separation,
The Society of Chemical Engineers, Kansai
Branch, Frontiers of Separation Technology in API
Manufacturing (2004. 11)

2) S. Shiojiri, T. Okahashi, K. Takahashi, M. Iwata,
Scale-up Law in Spin Drying Operation of Centrifu-
gal Filter, The Filtration Society Japan Association
Filtration & Separation Symposium (2001. 11)

Kunitoshi TAKAHASHI

Sumitomo Chemical Co., Ltd.
Osaka Works
Manager

SUMITOMO KAGAKU 2007-1I

PROFILE

Susumu SHIOJIRI

Sumitomo Chemical Co., Ltd.
Process & Production Technology Center

Research Associate
Doctor of Engineering



