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Abstract: Systematic UMFF (Ultra- and micro-filtration facility) was developed to investigate the influence of the pressure, flux 
rate, flux recovery and different solution on different types of membrane. During the study, a control strategy (controlled flow in 
backflush and filtration process) was formulated, including instrumentation diagrams. After commissioning, calibration was the 
essential part to run experiments efficiently. The membrane behavior under different conditions was observed by UMFF. Different 
components were customized and then assembled. In the end different standard membranes were tested to check the performance of 
the system and to validate the results with independent measurements. During the filtration process, the commercial membranes were 
test with the ultra-pure (clean) water and different protein solution in order to check the efficiency of UMFF. Fouling behavior of 
membrane was elaborated and understood by the phenomena of mass transfer. Later, 1 g/L concentration of BSA (Bovine serum 
albumin) was taken for filtration and observed the fouling, which was due to an adsorption of rejected particles on the membrane 
surface and later, influence the transmembrane pressure. Fluxes of different membranes were analyzed at different flow rates and 
feed pressures. The membrane behavior towards the back flush method is of great importance, especially flux recovery in order to 
estimate the efficiency of membrane. 

 
Key words: Design of filtration facility, backflush system, permeate flux and flow rate, membrane fouling, flux recovery, protein 
solution. 
 

1. Introduction 

Throughout the recent decades, the membrane 

processes ultra and micro filtrations have played an 

increasingly important role as a separation technology 

for various applications. These applications are as 

diverse as the treatment of surface and waste water, 

processes in the dairy industry as well as the 

production of pharmaceuticals [1, 2]. Currently, a new 

generation of polymeric micro and ultra-filtration 

membranes is under development at 

Helmholtz-Zentrum Geesthacht [3]. These membranes 

                                                           
*Corresponding author: Muhammad Humble Khalid Tareen, 
M.Sc. student, research field: materials science and 
engineering. 

are produced from block-copolymers synthesized by 

controlled anionic polymerization. They exhibit a 

narrow pore size distribution and high porosity and 

hence allow for sharp molecular weight cut-offs at 

high transmembrane fluxes. In order to transfer the 

potential of these membrane materials from the 

laboratory into the technical scale, detailed investigations 

into patterns of the membrane parallel flow, the 

deposition of cake layers onto the membrane surface 

and possible cleaning strategies are required [4, 5]. 

For this purpose a new versatile laboratory scale 

facility is to be developed. The unit is envisaged to 

operate in a close loop where the feed is supplied from 

a vessel, led to a feed pump and subsequently enters 

the membrane module. The retentate is to be throttled 
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Chart 2  Relation between flow rate and pump frequency.  
 

a phase inversion process. Therefore, different 

membrane morphologies can be obtained. They vary 

from large pores to homogeneous micro-porous 

structures. The permeance of the membranes can be 

adjusted between 100 up to nearly 2,000 L/m2·h·bar 

with a high rejection rate [10]. 

2.4 Experimental Procedure  

The feed solution was filled into the feed vessel V1 

with a capacity of 5 L. The gear pump S1 was used to 

supply the feed to the membrane test cell M1 at flow 

rate of maximum 2.86 L/min and a pressure of 

maximum 4 bar as shown in Scheme 1. Aclose loop 

system is created to have a same concentration of a 

solvent. The constant concentration would help to 

characterize the membrane behavior. Under these 

conditions different solvents and membranes can be 

tested. A closed system gives us the behavior of 

membrane in real condition. 

The detailed description of the experimental 

procedure of a laboratory scale test facility for cross 

flow of micro and ultrafiltration membrane listed 

below and details description of system tools are 

given in Scheme 1. Fig. 2 shows a complete cross 

flow filtration device. 

A circular shape membrane of an area 17.8 cm2 is 

placed into the test cell along with the supporting 

material on the lower side and spacer on the top. It is 

closed after adjusting it with the help of rubber 

O-ring. 

The valve C1 has to be checked. It leads the solvent 

form feed vessel V1 to the pump S1. The C2 and C13 

are checked and closed so the liquid cannot leave the 

system. 

The heating or cooling devices are switched on and 

set to the required temperature of the feed vessel V1. 

For temperature monitoring place the thermometer. 

The feed pump S1 is switched on and the frequency 

is set with the help of the frequency changer. The 

required pressure at p1 is adjusted with the help of 

pressure regulator (R10) and pressure loss could be 

observed in the membrane test cell at C15. 

The permeate flow rate is measured right after 

switching on the process to calculate the flux without 

fouling. 2 to 3 readings should be taken consecutively 

to observe the variation which would be prominent in 

the beginning because flux decreases at higher rates. 

Later on readings after 5 to 7 minutes should be taken. 

For each reading, the pressure at C14 and C15 should 

be noted. 

The experiment should be run for exactly 1, 2 or 3 

hours. At the end of the experiment, permeate  

sample form C12 and a retentate sample form C6 are 

taken. The system is emptied by opening C2 and C13 

valves. Pressurized air can be used to empty the 

system. 

The first backflush should take place for 5-15 

minutes after first interval of the experiment.  
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Scheme 1  Complete filtration design’s flow diagram.  
 

According to the Scheme 1, C1, C3, C11 and C8 

valves should be directed in the way of backflush. C4 

and C9 should be closed so flow should not be a part 

of system while the backflush process is running. 

During the backflush process, there is a cross flow. 

Permeate should not be the part of the system, 

otherwise membrane would be blocked from permeate 

side because of the impure water in a closed loop.  

At the end of the experiment, heating and cooling 

devices are stopped. 



Des

  

Fig. 2  Micro
 

Both feed

and the sol

backflush ve

The mem

removed c

protein and 

the system b

3. Results 

3.1 Experim

The Firs

polyacryloni
 

Chart 3  The

F
lu

x 
(l

/m
2 .

h
.b

ar
)

sign of a Labo

o- and ultra- fi

d pumps S1 a

lvent first fr

essel V2 is re

mbrane test ce

arefully wit

other solute

by running wi

and Discus

ment 1 

t experimen

itrile membr

e graph shows 

80

90

100

110

120

130

0

oratory Scale

iltration facilit

and flow pum

rom feed ves

emoved. 

ll is opened a

thout damag

e particles ar

ith ultra-pure

ssion 

nt was perfo

rane, where 

the values of f

50

e Test Facility

ty.  

mp S2 are stop

ssel V1 and 

and membran

ging. Unwa

re removed f

 water [8]. 

ormed with 

the solvent 

flux depending

100

Exper

F

Flux vs 

y for Cross Fl

 

pped 

the 

ne is 

anted 

from 

the 

was 

ultr

the 

betw

was

reac

pres

pum

flux

wel

mat

In

rem

rang

Thi

from

high

pres

wer

3.2 

T

poly

as f

hou

obs

g on time for th

150

rimental Ti

Flux vs tim

Experimental

low Micro- an

ra-pure water 

experiment ti

ween 3.12 ba

s up to 2.4 

ched up to 

ssures fluctu

mp frequency

x was present

ll. The reaso

tter accumula

n Chart 3, it 

main constant,

ge. There wa

is small amou

m pumps or t

her pressure

sence of the

re also compa

Experiment 2

The second 

yethersulfone

feed solvent 3

ur of operati

erved. The f

he first experim

y = ‐0

200

ime (min)

me

l Time

nd Ultra- Filtra

in the feed v

ime was 5 hou

ars to 3.16 ba

L/min. The 

a maximum

uation increas

y was 50 Hz. 

t, which confi

ons are attrib

ated from the s

was shown th

, during filtra

as only a sma

unt of deviati

the dust partic

 there was 

 other solve

ared with Lite

2 

experiment 

e membrane 

3 backflushes 

on and the 

feed pressure 

ment.  

0.032x + 108.3

250

ation Membra

vessel V1. Th

urs. The feed 

ars and the fe

trans-membr

m of 2.11 ba

ses in the s

A small dev

irmed the liter

buted to othe

surrounding l

hat the flux v

ation, at the h

all 9.17% dec

ion was due 

cles from sur

a larger de

nts. Experim

erature in 2.3

was condu

with the ultr

 were perform

membrane b

was 1.13 ba

3

300 3

anes 47

he duration of

pressure was

eed flow rate

rane pressure

ars. At high

system. Feed

viation in the

rature [12] as

er particulate

like pipes etc.

values almost

high pressure

cline in flux.

to impurities

rrounding. At

ecline in the

mental values

. 

ucted on the

ra-pure water

med after one

behavior was

ars. The flow

 

350

7

f 

s 

e 

e 

h 

d 

e 

s 

e 

 

t 

e 

. 

s 

t 

e 

s 

e 

r 

e 

s 

w 



Design of a Laboratory Scale Test Facility for Cross Flow Micro- and Ultra- Filtration Membranes 

  

48

 

rate over the membrane was 2.86 L/min. During the 

backflush process, filtration process was stopped and 

the ultra-pure water will run from permeate to the 

retentate side, whereas feed side was remain closed. 

The backflush pressure was 1.36 bars and pump 

frequency was 30 Hz. Before applying the backflush, 

the pressure range and the proper support of the 

membrane had to be verified, otherwise membrane 

would have ruptured. 

The initial decline in flux observed from Chart 4. 

During the first backlash, the clean water flux 

decreases slightly up to 35% and 15.39% of flux 

decline in second and third backflush. The flux 

decline was due to impurities in the system. After 

applying backflush for 10-15 minutes with ultra-pure 

water, the flux reached the initial value. In other 

words, flux recovery was 100% as shown in Table 1. 

The same behavior was seen after the second 

backflush. There was no significant flux recovery after 

the backflush as ultra-pure water was used in the 

filtration process.  

Experimentally, it was analyzed that even with the 

ultra-pure water, there was a small variation in the 

flux due to the impurities still present in the system 

like pipes, vessels etc. Experimental values were also 

compared with literature values [11]. 

3.3 Experiment 3 

In this experiment, polyethersulfone membrane 

was used with 1 g/L solution concentration of BSA 

(Bovine serum albumin) as feed solvent. Two 

backflushes were performed after 1 hour interval of 

filtration. The feed pump frequency was 30 Hz, feed 

pressure was 1.13 bars and feed flow rate was 1.71 

L/min. The first reading was taken with ultra-pure 

water in order to have a reference value and can be 

compared with another solution, like in our case BSA 

solution. 

Initially, flux decreased drastically and kept on 

decreasing in a progressive manner as shown in Chart 5. 
 

 
Chart 4  The graph shows the values of ultra-pure water flux depending on time and three backflush cycles.  
 

Table 1  Flux percentage analysis of experiment 2, before and after the backflushes. 

Flux (%) First hour Second hour Third hour Avg. 

Minimum 65 85 85 78 

Decline 35 15 15 22 

 After backflush 

Recovery 100 100  100 
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Chart 5  The graph shows the values of BSA flux depending on time and three backflush cycles.  
 

Table 2  Flux percentage analysis of experiment 3, before and after the backflushes. 

Flux(%) First hour Second hour Third hour Avg. 

Minimum 34 37 26 22 

Decline 66 63 74 78 

 After backflush 

Recovery 84 84  84 
 

Using BSA solution, the flux decline was much more 

as compared to the ultra-pure water experiment. Two 

backflushes were applied with the ultra-pure water as 

conducted in the experiment 2 and same precautions 

were taken. In the first hour of operation, the flux 

declined up to 66 percent as shown in Table 2. After 

applying the first backflush, the flux recovery was 

83%, but not fully recovered because of the permanent 

fouling (chemical fouling) which was 17% as shown 

in Table 2. During the second hour of operation, flux 

decline was almost same as in the first hour. The same 

behavior was seen after the second backflush i.e. flux 

recovery was 83%. The flux decline during the third 

hour of operation was 11% more as compared to 

second hour. After the second backflush, the flux 

increased more as compared to the first backflush 

because of the less chemical fouling. After the second 

hour, flux decline 10.84% more as compared to the 

first hour. 

In this experiment, flux decline was 30.71% higher 

as compared to the experiment 2 with ultra-pure 

water. In last 10 minutes, the reduction in the flux 

again increased to some extent as shown in last 

section of chart  

4. Conclusions 

A laboratory scale test facility for cross flow 

filtration was successfully constructed and operated in 

the current study. The UMFF (Ultra- and 

micro-filtration facility) was capability for the 

separation of desired particles such as protein, like 

BSA protein , bacteria or PEG-molecules. 

First, the concise instrumentation diagram was 

devised to construct a test facility which meets the 

standard, like minimum fouling, permeate flux, 

cross-flow operation mode etc, required for the 

experiments. A detailed control strategy was 

developed to reduce the pressure loss and to perform 
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other functions like backflush. 

Finally, the membrane behavior was analyzed by 

the unit for flow rates, pressures, flux and fouling. 
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