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Scale-up of Centrifugal Solid-Liquid Separation

Sumitomo Chemical Co., Ltd.
Osaka Works
Kunitoshi TAKAHASHI
Process & Production Technology Center

Susumu SHIOJIRI

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.
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1158 Troubles in centrifugal filtration process
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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/ generation of finely-divided crystals shear by slurry mixer and pump
feeding of slurry to filters increase of residual impurities 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

pm

1000 St S
tldrt @ Stop

800
i \
600

D @

400

200 \\
. |-

> BN S SR P PR B ¢z &
& e&\f \\%z . \\év.\\%@ . \\\% .&\% & @j’ f.\\&
&d '\\&\ FTHIPLELSE & &
= 2 ST it P CN
2 Q Q& @ ~Q RO
9 F & &
R N
S . Q
& &
B Diagram of filtration, washing and deliquor-
ing in centrifuge

gbogbobobooooooo

OobO000o0obO0000DbO0000i0U aeed O
bob»-00D0000O0O0O0OO0OCOOOCDOOO
oboocoOoooooooobOOoobOOobobOOoonooon
oo

ljogooooobooooo

Fig. 200000000000 O0O0O0OOODOOO
oboooOoooooooobOOoobOobobOOooon
ooboooObOO0oO0O0oooOooobooApoooon
oboooooboobooApboOoOoOoOoonoOoOon
oobooooooooobooooon

oooo 2o007-n1

-
-~
Filtrate
Slurry
Cake

Filter medium

BEEE Cross section drawing of filtration system
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BGEEEN  Relationship between centrifugal effect and
centrifugal filtration pressure

Vertical cross section drawing of centrifuge
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-3 Evaluation examples of average specific filtra-

tion resistance and compressibility of filtration

cake
mean specific <5x108 very fast filtration/solid sedimentation
filtration resistance  5x 108 ~ 2 x 1010 best filterability
Oav 2x1010~1011  not good
> 1011 bad
compressibility >1 serious compressibility;
index o increases seriously according to
n increase of Ap
<05 small compressibility
e.g. typical APIs
n=04~08
1OE+12 [

o0 1.0E+11 f ¢ = A o

< om A O ¢ n=025

g = 7 =0.50

3 A n=1.00

3 1.0E+10 reo on=125

0
1.OE+09 : : : : : : ;
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Slurry feed time [min]

BEEEE  Average specific filtration resistance plotted

against slurry feed time
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PGEEN Average specific filtration resistance plot-
ted against cake thickness
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Constant pressure filtration test equipment

Liquid inlet

hl +
Compression
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E —> Liquid outlet

Permeating
liquid
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:> Filter paper
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BGEEEEN  Compression permeability test equipment

11458 Comparison of constant pressure filtration
test and compression permeability test

constant pressure compression
filter test permeability test

purpose of Olav o
measurement n n
accuracy of results fair very good
cost low high
equipment size small large
handling very easy easy
measurement time short long
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LE+1Z = Cellulose powder
_ i B Compression permeability test
& LELE [J Constant pressure fitration test
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BGEEE  Average specific filtration resistance meas-
ured in constant pressure filtration test
and calculated from results of compres-
sion permeability test (cellulose powder)

LE+12 Intermediate B
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IEEELN  Average specific filtration resistance meas-
ured in constant pressure filtration test
and calculated from results of compres-
sion permeability test (intermediate B)
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IEEEEN Average specific filtration resistance meas-
ured in constant pressure filtration test plot-
ted against compressibility index of cake
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BEEEPN  Specific filtration resistance measured in
centrifugal filtration test plotted against
solid content of cake after centrifugal
deliquoring
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IEEEEN Table-top centrifuge

Dry weight-based final liquid content of cake
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G Final liquid content of cake in centrifugal

Dry weight-based final liquid content of cake
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o
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0%
0

deliquoring plotted against centrifugal
effect?

<> Experimetal centrifuge 6inch
[] Experimetal centrifuge 15inch

200 400 600 800 1000

Ap’ [kPa]

IEEEEN Final liquid content of cake of low compres-

sibility in centrifugal deliquoring by experi-
mental centrifuges of different sizes plot-
ted against apparent centrifugal deliqoring
pressure?
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BEEELEN  Procedure of deliqoring experiment by ta-
ble-top centrifuge
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@ Table-top centrifuge
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Dry weight-based final liquid content of cake
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Final liquid content of cake of low compres-
sibility in centrifugal deliquoring plotted
against apparent centrifugal deliqoring
pressure; comparison of results of experi-
mental centrifuges (open symbols) and
those of table-top centrifuge (closed sym-
bols)?
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BEEEEN Final liquid content of cake of high com-
pressibility in centrifugal deliquoring plot-
ted against apparent centrifugal deliqoring
pressure; comparison of results of experi-
mental centrifuge (open symbols) and
those of table-top centrifuge (closed sym-
bols)?
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