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Comparison of Axial and Radial Flow Chromatography
on Protein Separation Speed and Resolution
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Department of Chemical Engineering Hanyang University, Ansan 425-791, Korea

ABSTRACT

The relationship between pressure drop and liquid flow rate, for an axial and a radial flow chromato-
graphic column packed with compressible porous media was theoretically analyzed using modified
Kozeny-Carman equation. The results were compared with experimental observations obtained using
compressible DEAE-agarose as a model medium. At 2-9 psi range studied, the theoretical derivation ac-
counting for ‘gel compression’ effect predicted simple Langmuirian type response of volumetric flow rate
to changes in pressure drop. On the other hand, the experimental response was more or less sigmoidal.
At the same pressure drop, radial column showed 2-3 times higher flow rates than those of axial column
both theoretically and experimentally. Using r-HBsAg crude extract, protein resolution effects between
the two types of columns at different flow rates were compared side-by-side. It turned out that, though
general chromatographic behavior was very similar, axial column was somewhat superior in terms of r-
HBsAg recovery yield and specificity. However, the number of theoretical plates analysis indicated the

protein resolution effects were comparable.
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Table 1. Physical Properties and Dimensions
used in Eq.(9) and (10)

: density of fluid [ 1g/em”]

4 : pressure drop [N/m’]
o
L  bed height [cm ]

vs : superficial velocity [cm/s]
M : viscosity of fluid [0.01g/cm/s]
I3 - porosity [~ ]

& . conversion factor [9.80665kg m/kg// 571
Arw : log mean of cross—sectional area [em?]

A : cross—sectional area of inlet [cm®]

A, cross=sectional area of outlet [cm?]

Dy : particle diameter [107%m]
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Table 2. Dimensions of axial and radial column with various aspect ratios.

( Bed volume is set constant at 100ml)

Axial column

Radial column

L D Z
Aspect Rati Aspect Ratio d(=dd)/2) .
pect Ratio (Bed Height) (Diameter of Column) spect Ratt / (Vertical length of column)
0.11 2.24cm 7.54cm 0.03 1.42cm 7.55cm
1.65 5.48cm 482cm 0.11 2.24cm 3.73cm
100 100 ¢cm 3.57cm 043 3.5 cm 1.8 ¢cm
283 14.14cm 30 cm 089 4.47cm 1.18cm
769 19.74cm 2.54cm 165 5.48cm 0.83cm
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Fig. 2. Effect of Pressure Drop on Bed Height(['])
and Porosity(O).
(Porosity=-0.0104AP +0.424, Bed Height
=-0.33082P+21.9)
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Fig. 4. Flow Rate vs. Pressure Drop in Axial col-
umns with Various Aspect Ratios.
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Fig. 5. Flow Rate vs. Pressure Drop in Radial
columns with Various Aspect Ratios.
O:AR’=1.65 O:AR’=089 A:AR'=043
(J:AR’=0.11 V:AR’=003

g AgGEdEd QY ISt Aages #d
sholch. of 6psi ofstoll A& 01%04]%;4 } *;_]?ﬂz] Q
2. gverestimated}gl o}t ok 8psi olAtoj Al AW
27} o) B AXE 2FsHdct. oF 5~8psi Wl
A AR xe} o|ZeAA7) vlLA A o x)ghe o
4 29t Radial 239 7$ ‘superficial' (&
empty —column) S}E7}Ele)] o] 2o Abx| oFH}ELE
tig}h gho] A e} wl5- 7% AXFe & 5 gt
Superficial ¢t &7}l wh7uek 29 o%;oﬂ A
2% 20micron polyethy ne filterol] 23t Ao &

(1

487

10,000 - T T TTTIT T T TTTTH T T TTTTH
Pressure pu
1,000 & —
2 = 3
E - 1
E — —
3 - 7
100 =~ =

10 Lol vl 1§t
0.1 1.0 10.0 100.0

Aspect Ratio(AR)
Fig. 6. Flow Rate vs. Aspect Ratio in Axial col-
umns at Various Pressure Drops.

100,000 =T LRLLLL N B AL I R
- 3
— Pressure” :
— Drop —1
- K opsi 2l
A apsi
A 7vsi
10,000 |— & Gpsi ]
= Spsi o
- g 4psi =
£ - apsi m
\E B qu 1
5 - psi -
Z L _
1,000 |— ]
100 tvvnd ol ey
0.01 0.10 1.00 10.00

Aspect Ratio

Fig. 7. Flow Rate vs. Aspect Ratio in Radial col-
umns at Various Pressure Drops.

BEE. ® 2 ghEsloldE 53] 5
Welol s ubgwey Ao Qgtel EuberEdly
a8 2~3] =28 & 4 9J9la o]= Sepha-
rose CL-4BZ $2% 100m! %3¢ Zu3k
(44cm A x12em Fo| )3 Hbusk ZaioA9
AT el 4 dXehedeh(5). whelr ubzurek
E-]_O,] Z]-Z-] —’5- Q»I:HQ _GED}'!#X_L}- %T"*-_/‘l:
SEl _43}0:1 13‘,_1°J=,—»]- back pressure® 7+4A|%
iM{ A F4E 4% 7 e AL olEH
’Q_‘ﬂﬂ %& &3l s



488
Axial Flow Column(Flow Rate=35ml/min)
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Fig. 8. Chromatogram of Axial Flow Column
(Flow Rate=35ml/min).
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Fig. 9. Chromatogram of Axial Flow Column
(Flow Rate =70ml/min).
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Fig. 10. Chromatogram of Radial Flow Column
(Flow Rate =35ml/min).
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Fig. 11. Chromatogram of Radial Flow Column
(Flow Rate =70ml/min).
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Table 3. Recovery Yield and Specificity of r-HBsAg in Column Eluate Fractions.
Axial Radial
Fraction 35(ml/min) 70(ml/min) 35(mi/min) 70(ml/min) 140(ml/min)
Yield | Specificity | Yield | Specificity |Yield | Specificity | Yield | Specificity | Yield| Specificity
(%) (4/mg) (%) (5/mg) %) (¢8/mg) %) (t/mg) %) (g/mg)
Wash 37 * 5.3 * * 106 * 15.2 *
Salt Eluate| 58.2 197 629 242 427 134 556 180 50.5 169
% The amount of tortal proteins detected was insignificant
— Lt Zkzt Z49bsk 35, 70ml/min, radial 35, 70,
140ml/minol| 9] Z2rte S0t Suek 23
Radial Flow Column(Flow Rate=140ml/min) 9 AL YF 3ty #Hzglo] gFEoiA 140ml/
ming §4-& 3% RYch THTol4 BEo| 22
: o) zstE Aol 2 AolT BAY 4 il
: 28 $4%7000 B wyelauy o4 oiosy
: th.
F 3 Table 3¢] 4] ¥4%) (washing eluate)3} 0.29}
g z 0.5M NaCl eluate pool¢] r-HBsAg 34&3} spe-
dos cificity® #F7)3bgich. Specificitys  Fghw 2l o6)
\ 1 r-HBsAgsl Wepm|2A sg/mge] 32 Jehidl
o}, Eol4 o] $427kel B specificity ¥ r
1o -HBsAg3l4-&9] #Wists T3 A%S 2olx %
0 5 10 15 20 25 3)\' "“ "ﬂﬂ*“]'zq"ﬂ/"] °Az7}°ﬂ “‘}a]' r- HBsAg—-—

Time(min)

Fig. 12. Chromatogram of Radial Flow Column
(Flow Rate =140ml/min).
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Table 4. Number of Theoretical Plates Analysis

on NaCl Eluate Pools.
Column/Flow Rate 02M 0.5M
Axial/ 35ml/min 319 463
70ml/min 204 296
Radial/ 35ml/min 246 416
70ml/min 259 36.1
140m!/min 19.0 267

VY 2UAT BT Nghol 2ags ddg &
1AL, 35ml/minoll A Sukazae) Ngro] w7
HgEEe A$Ro oha 29y, 70ml/ming A
Fole W2 dehdeh, e Nzke) AT
Aol o3t B¢ oMY © T Baxjolel ey
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