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Abstract

Ultrafiltration is the important unit operation in protein purification in
biopharmaceutical industries. Most of the ultrafiltration experiments in lab scale are performed
in stirred cell (SC) module because of its simpler design and uniform hydrodynamics.
However, large scale works are performed in cross flow (CF) system. Hence, comparison of
performance between these modules will help in scale up and scale down studies of
ultrafiltration. In this study, fractionation of binary protein mixtures were performed in SC and
CF systems. A basic condition of constant shear stress near membrane surface was maintained

in SC and CF system for first time to carry out comparison study of protein fractionation.

Mathematical correlation for shear stress near membrane surface was developed for SC
and CF ultrafiltration system. Radial inward flow (secondary liquid flow) near membrane
surface was taken into account, apart from circular liquid flow (primary flow) for evaluating
membrane shear stress in SC module. In case of CF flat sheet system, membrane shear was

calculated by assuming liquid dynamics in CF as flow through parallel plates.

Two sets of protein mixture were chosen to compare fractionation in SC and CF
systems. Ovalbumin (45 kDa, pl-4.5) and lysozyme (14.5 kDa, pl-11.4) mixture was used to
study size based fractionation in 30 kDa polyethersulfone membrane (PES30). In second set of
binary mixture, haemoglobin (65 kDa, pl-6.8) and ovalbumin of similar sized proteins was
separated based on charge difference using 100 kDa polyethersulfone membrane (PES100).
Purity, selectivity, transmission, flux and fouling were studied for broad range of
hydrodynamic and physico-chemical parameters in both UF modules. Protein adsorption on

membrane surface was also studied using atomic force microscopy (AFM).

Protein fractionation was studied at different hydrodynamic parameters of TMP (30,

60, 90 & 120 kPa) and membrane shear stress (0.215, 0.61, 1.715 & 3.15 Pa) in SC and CF



system. In size based fractionation, best separation of lysozyme (purity > 98%) was found at
TMP of 30 kPa and membrane shear of 1.715 Pa for both UF system. Purity was less sensitive
to TMP and shear condition studied. Lysozyme transmission was greater than 90 % with
recovery of ~70%. At all operating condition, protein separation in SC was successfully
reproduced in CF system under constant membrane shear condition. In case of charge based
separation, membrane fouling had significant impact on purity and transmission of protein.
Almost similar purity of haemoglobin (~60 %) was obtained at TMP of 30 kPa and 0.215 Pa
shear condition in both systems. The best separation was found at low TMP and shear condition

for both modes of protein fractionation.

The physico-chemical condition such as pH and ionic strength had little effect on purity
for size based protein separation. Lysozyme transmission varied distinctly with pH and ionic
strength of feed in both UF systems. Highest purity of lysozyme >95% was obtained with
recovery of 65%. On other hand, pH and ionic strength had significant effect on protein
selectivity in charge based protein separation. Selectivity of protein could be reversed by
changing pH of feed solution. SC had better selectivity than CF due to secondary sieving of
protein adsorbed membrane. High purity (Hb - 88% & Ova - 83%) and high recovery (~ 70%)

was obtained at low ionic strength in SC module.

Flux decline with time during protein fractionation was studied for different
hydrodynamic and physico-chemical condition in SC and CF module. High shear and low TMP
is the best condition to keep minimum flux decline in both UF modules. Flux decline was
higher in charge based fractionation compared to size based fractionation. SC pronounced more
flux decline than CF under constant shear condition due to inherent difference in flow
dynamics. lonic strength and pH of feed solution had significant effect on flux decline. High
flux decline was found at higher ionic strength and isoelectric point of protein due to absence
of electrostatic interaction. Location based protein adsorption on SC membrane was studied

Vi



using AFM surface analysis. The high average surface roughness (Ra) at central region of
circular membrane confirms high protein adsorption on membrane due to secondary radial

inward flow.

vii
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IAGARICH I & W g T Seciihee Agayul IHhTs Taed gl °d Whd &
YD Sfeeheex TANT B TR [Soe 3R d¢] SIS SN & golg I TUfHa
et (wa) Ay | far ST 81 grdifes, S8 U9 W Big Uare (duk) Rew # yexi=
fohaT ST ® 3o, 371 Alsyd & o9 UexA & ga-T 90 W geq 3R 3egiitheetH &
3T DI HH P § Hag SN | 9 g H, fganemt Ui fiyor &1 faure Tash ok
e Reen & foar w1 U1 f3ieelt I8 o I TR HaRAT a-1d & U gHarg) Rufd
SFIgferd nifd SR Hew vomett & ugel! IR WA fauTer &1 garT 31ea &R & g a8
T AT T |

f3reett I & U SR a1 & forg T ey TR SR WU Sieeifthee e Rien &
fore faenfa fosu 7Y 2| wo) Ay U fareet SaRA! dH1d & i & o U dvel udre
TP gd1e) & 3dral f¥Icelt Ide & U AfsTd 3M1ddh UdTg ({H1eafie aRd Yarg) & e
T 31 77| iU wete Bfie Ren & ama H, et vt e | @va nfaefierd & 9w
Wil o A1e9H Y a1 & U 8 HTd gU 0T 1 775 2|

TS Y01 & &l I &1 THRT 3R W Ried & AU &1 o1 & & e g1 7137 27|
TSI (45 FSTT, drans -4.0) 3R TR (14.5 g, WeE -11.4) 9701 671 ITNT 30
P Ul LT BIh A f3red (USTY 30) H SMHR MR 32 BT 3eq8- H o forg fohar
a1 41| fgemumt fisor & g ¥ #, SHraife (65 deiy, Jes-6.8) 3R THM MHR &
e & 3Ngafa & 100 HSIT Uil hiewm e (58T 100) &b IUTRT H IS 3R &
3TYR TR ST fhaT 71T 4T | JUW Hisd aHl H B8 eI SR Hifds - ATucs!
&1 e Aol & fore ufasrdn, Ta-TEE T, TERUl, UdTg 3R Teilt &1 ieqa fpar mar ol
fareelt Tag W W IR Wt TRHTY] 9T AT ehReb U (TUHTH) BT IUTANT b AT fohd
T YT |

I 3R Toa 3R Tuw Ren & daad (30, 60, 90 3R 120 FUHT) iR fRreedt SRl
14 (0.215, 0.61, 1.715 31R 3.15 TT) & Al SRS ISTING ATUCS! # ez faa T o |
THR YR FGUTS T, ASART ([SdT> 98%) BT oY 33T faqTeH Sdied & 30 HUig
3R guw Rew g & o 1.715 Ut & fRreett a1 & e o1 et Seadt oiR dare &t
fRUTT 1 318 B & ol HH Hag-=ia &t AR SRIPRM ~ 70% &1 a9t & a1y
90% 3 31 T it SITORfET grera , Srgfard Sifd # Wi Sars & adR freeh sl
&1 FRUfT & T8d T Rived & Twhadrgdes g U fosar T o7 | GURY SeTiRd Juadm ol &
A B, et BT &1 Yedl 3R W & TeR0 IR Ayl THTd UsT | gHRafsH (- 60%)
DT TTHIT A Gl &1 Tonferdl § 30 HUTT 3R 0.215 U1 a1 &1 Rufd & Suadt & v
®1 715 | T ST fAUTSH TIEH faUTe & G dkie] o 1ol B SITaUT 3R HaRAl gIad
o g1 T AT




ifds - fUfa S dieg iR Smafe died &1 SHR SMeTld UidH Sars & forg
ISl IR §gd HH UHIE AT | G SrafiRF, dieg ik 33iifAe wfdd aiFl guw Rien o
HIE & A WF ¥U 4 7 g1 AR St S=dd YGdTl> 95% 65% DI aail B AT W
oI T3 ff R SR, diua SR S3iior wfad &1 THR Seld WidH Sars & UidH giHiar ®
Y] UHTA UT| TS JHTYH & UITd Bl Saadx YIS B gl dl e [adl ol Jhdl g |
W adsorbed f3eeit & TS sieving & HRUN YA ST CF ¥ S8R I8 UT| I
ST (TS - 88% 3R AT - 83%) 3R I IYTIT (~ 70%) T Aregd H HH S0 [
TR YT &1 71 T

WA AU & ERME 90 & I Faa IRde ot ofR duw disga # faftra
IS SIS 3R Hifde-I-d a1 & AT sreqa o T T | 3= oA 3R $H
Aurdt guw Afsyd S H gAay vare § fRTae 3o &1 ve 33t fufa 81 SR smenfd
fquTe & ga1 7 guRY snetid faueH & wae fRmae st At sragfa sifd vare
TfaRidd & SidHfed 3idk & HRU AAR HR-! Ted & dad UITH b JhTad 3w Udg
H fRTC &1 G100 &1 | 3 B dhd IR e THTYH &1 Uidg yaTg d R1ae IR Agayuf
UG UST| SAdCRCTCd SeaRkM &I U & HRUI I YdTg Bt HH UIKH & S
Mg AfE 3R sMEHIgafdes fig TR U T uT| Tu fRreeht R =i et WA
ARG TUWHUH Tag [aRayur o H1eqd ¥ Sieqg fova 71 oT | aRud et & Shad &89 H 3=
Gﬁww%qmelud RT) Al ST 3H1ddh UdTg &b HRUT fRicei IR 3= W FRg1 &bl
gf® HRaAT 3|
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