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APPENDIX 1

SOFTWARE/PROGRAM

The LabView program can be opened using the MeasneApplication shortcut icon in the

windows desktop.

)

Measurement Application - August 2007.IIb

The program will load and appear as illustratedel

¥! Logger - March 2006 i i l o lj
(=l Mass ‘ Feed Pressure | Retentate Pressure | Permeate Pressure ‘ Flow | Back Pulse Pressure J
Feed Retentate Permeate Backpulse Packpuice
Pressure (kPa) Pressure (kPa) Pressure (kPa) Fressure 2 (kPa) Pressure (kPa abs)
kN T 17y
START ‘5o \ A e e
4007 600 % 150 73 5 | - 600 1000 -
700 4 g 175 - = | & -
5 1 - ] 40 400 12007
8003 2005 - 1,‘ 3
100 900 7 225 - 200- 200 L0
& 1000 > = 250 - - ‘M 1600
o [ i § [ . Sy 5t
0,000 | n.oo | D000 0,000
Sample Interva
ol 00:00:05
p—
o 00:02:00
Log Interval
FaST O SLow
b=
Z
b=t
1548 1E =
2009/03/05
Sample Pump Speed
400
ol _ Clean Pump : 5
= 075~ i i i i | i
it 4E- 9E-6 1E-5 LIES 1288 L3S 14ES
ol CFF N Time

All measurements do not commence until the STARffonuhas been pressed and the file for

data logging has been selected.
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Press START button to begin with data logging. Geoor Enter Path of File dialog box will

appear as shown below.

Choose or Enter Path of File 7] x|

- & ®@efE-

. run’
=

fdy Documents run?

File narne: I j Open

Save a3 ype: IAII Files [*.%] j Cancel /l
e

Create a folder and select the folder name for @kamun9. Double click the created folder

and the new dialog box will appear as shown below.

Choose or Enter Path of File 2x]

Save in; Iarunﬁ j = e E-

File name:

Cancel

| i3
=

8

Save as ype: IAII Files [*.%]
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Select a name at file name. Click OK, the frontegdamill appear with the data displayed as

below.

5! Logger - March 2006 o ] 3|
Main Mass Feed Pressure | Retertate Pressure | Permeate Pressure | Flow | Back Pulse Pressure ]
Feed Retentate Permeate Backpuise Packpulse
Pressure (kPa) Pressure (kPa) Prassure (kPa) Pressure 2 (kPA) Prassire (kPa abs)
i i . o
START 2 sy 00+ 8007y
= «30300 600?00; : S
X i 400~ 400 12007
o0 g4 8003 - 1 3
i )2( 500 200- Y R
Koot o b /g fe00
STCR T 0 — s
| 100561 0.000 | 96054
Sample Tnterval 3257
o 00:00:05
P
o 00:02:00 '
2.5+

Log Interval

FaaT O SLoW e

amplitude:

12:24:50
2009/03/05 077

Bainple Pump Speetd
A= 0.85-

e ,
300 : s St . Record Length

20 _ e
- —— AL i 1 | i i | i 1
100 - i - - 8E-6 9E-h 1E5 LIES 1265 L3ES  14ES

E OFF  ON Tine

In the front panel display, there are mass flowrdssure gauges (Feed, Retentate, Permeate
and Backpulse pressure), 1 flow meter and Ultrassignal (Oscilloscope). The Sampling

Interval and the data logging interval can be aulgd from the time control buttons.
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In order to see the Mass flow, Feed Pressure, Reé¢eRressure, Permeate Pressure, Flow and
Backpulsing Pressure changes and their AmplitudecTgraphs, press the corresponding tap.

Example to see the changes. See illustration below.

er - March 2006 o ]33
\ Feed Pressure | Ratentate Pressure Permeate Pressure Flowy \ Bk Pulse Pressure |
i
7
b
&
0= 1
12:37:57,459 12:40:27.225
2009/03/05 2009/03/05
Tirne
PetPressGraph Permeate Pressure m

Amplitude

5

| | | 1 1 ] 1 | ] 1 I | I 1 1 I
002 005 0075 01 0425 005 0475 02 025 025 025 03 035 0375 04 0425 045 0475 O
Time:
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APPENDIX 2

SEM IMAGES (MAGNIFICATION 500X)

A2.1 SEM IMAGES OF THE BIODYNE A (AMPHOTERIC NYLON, 6)
MEMBRANE /ALUMINA SYSTEM

Figure A2.1 SEM images (magnification 500X) of Biedyne A (amphoteric nylon 6, 6) 0.2
um membrane /alumina system. (a) a new membranacgjrib) a fouled (60 minute)

surface, (c) surface cleaned by three successieevpater backpulses.
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A2.2 SEM IMAGES OF THE BIODYNE A (AMPHOTERIC NYLON, 6)
MEMBRANE /YEAST SYSTEM

Signal A - SE: Date 12 Jun 2006 Signe Date 5 May 2008
PhotoNo.= 454 Time :12:2439 Photo No. 9200 Time :14:3622

Mag= 500X EHT=2000K/ W= 19mm

Figure A2.2 SEM images (magnification 500X) of tBBedyne A (amphoteric nylon 6, 6)
0.45 um membrane /yeast system. (a) a new membrane suifiaca fouled (60 minute)

surface, (c) surface cleaned by three successieevpater backpulses.
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A2.3 SEM IMAGES OF THE PS MEMBRANE /YEAST SYSTEMS

N “SignalA=SE1 D 0 ZoneMag= 500X i Signal A=SE1_ Date :4 Aug 2008
Mag= S0X gy« 700Ky WD= ttmm  PhotoNo,=9061 Time :12:26:38 — EHT=2000kV WD= 11mM photoNo.= 1908  Time 11:52:43

(@) (b)

Mag= 500X EHT= 700KV WD= 14mm

()

Figure A2.3 SEM images (magnification 500X) of 8 membrane /yeast systems. (a) a new
membrane surface, (b) a fouled (60 minute) surféesurface cleaned by three successive

pure water backpulses.
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A2.4 SEM IMAGES OF THE PS MEMBRANE /DEXTRIN SYSTEMS

s 3 Z N
Mag= 500X Signal A= SE1 Signal A= SE1 Date

EHT=700kvV WD= 11mm  PhotoNo.=9061 Ti 38 PhotoNo.=%466  Time

E1
0KV WD= 12mm  Photo No. = 9052

(€)

Figure A2.4 SEM images (magnification 500X) of A8 membrane /dextrin systems. (a) a
new membrane surface, (b) a fouled (60 minute)aserf (c) surface cleaned by three

successive pure water backpulses.
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APPENDIX 3

DEFOULING EXPERIMENTS WHEN THE SECOND PULSE
INCLUDED USE OF A SOAP SOLUTION

These experiments in this appendix were carriedusuny F9 soap solution and the results of

these experiments are summarized in Table 5.6

A3.1 FOULING WITH AN ALUMINA SUSPENSION IN A MF SYSEM

4000

FP=100 FP=102 FP=101
FP=100 PBP=140 PBP=140 PBP=140
e | PBP=0
3000 J\ &‘
\
< 2000 1
T \ FP=101 |
E 8 PBP=0 j |
= 1000 - \ ;
3
x 1 el
z y
0 04 l
W ;
h I l/
= 1000
; | 'L
. )
L A |
-2000 - X/ e, g
-3000 T | T | T T T T T T !
0 50 100 150 200 250
TIME (MINUTES)

Figure A3.1 Flux against time for the Biodyne A (@mteric nylon 6, 6) 0.Am membrane

/alumina system (second backpulsing with F9 soagisn).
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A3.2 FOULING WITH A YEAST SUSPENSION IN A MF SYSTEM

4000 FP=100
PBP=0 }
i FP=102 ‘." FP=100 FP=102
3000 .. PBP=140 ‘ PBP=140 PBP=140
S 20004
T FP=100
E 4 PBP=0 V%,
£ 1000- i
=) \
4%
) Ny,
— 04
LL
L
|_ -
n
-1000
- %
o 1 ) l/ }
-2000 X
i ‘v
-3000
T | T | ! | ! | ' |
0 50 100 150 200 250
TIME (MINUTES)

Figure A3.2 Flux against time for the Biodyne A (@mteric nylon 6, 6) 0.4hm membrane
lyeast system (second backpulsing with F9 soagtisnju
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A3.3 FOULING WITH A YEAST SUSPENSION IN A UF SYSTEM

PERMEATE FLUX (LITER/H-M?)

250 -

200 -

150

100

-100

,_.v’*”g/f

-150

FP=100
PBP=0

FP=102
PBP=140
FP=102
; pBP=140 | | FP=101
. PBP=140
|

k“ jfmlj ot
J}u

|
#

50

T
100

T I T I T I 1
150 200 250

TIME (MINUTES)

Figure A3.3 Flux against time for the PS membragmagt system (second backpulsing with

F9 soap solution).
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A3.4 FOULING WITH A DEXTRIN SUSPENSION IN A UF SY&HM

400 FP=100 FP=101 FP=102
PBP=140 | | PBP=140 | | PBP=140
1 | FP=100
PBP=0
300
4
fe Hf‘ T
S 200+ FP=101
I PBP=0
% 1 4 r
5 100 \%%g
= T ™
T 1 g
L 0- }*’* j\‘f“
< 4 P
g gwf ¥
i !
o -100
-200 4
L] I L] I L] L] I L] I L] I 1
0 50 100 150 200 250 300
TIME (MINUTES)

Figure A3.4 Flux against time for the PS membralexttin system (second backpulsing with

F9 soap solution).
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APPENDIX 4

ULTRASONIC MEASUREMENTS WHEN THE SECOND BACKPULSE
WAS A SOAP SOLUTION
A4.1 SES SOLUTION

0. growth of fouling layer residual fouling

35

30 4

=—0min
=2min
=4min

5min

25 4

=6min
=10min
=20min
=—60min
=85min
—135
=175
—225

)
o
L

—_
ol
L

AMPLITUDE

=
o
L

4.50E-06 4.70E-06 4.90E-06 5.10E-06 5.30E-06 5.50E-06

5 ARRIVAL TIME (SECONDS)

Figure A4.1.1 Amplitude of the reflection receivatithe detector as a function time, for the
Biodyne A (amphoteric nylon 6, 6) Oi@dn membrane/alumina system (second backpulsing
with SES solution). The time interval shown encoeses all the reflections received for the

water/film, film/membrane and membrane/metal suppuerfaces.
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0 growth of fouling layer residual fouling

\

=0min

==2min
4min

25 4 '

1 20 7~W~ 5mfn
a e =6min
e ——10min
i —20min
o -, =—60min
= Y e
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0 ‘ ‘ R /\ A //\\J
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51
ARRIVAL TIME (SECONDS)
-10 -

Figure A4.1.2 Amplitude of the reflection receivatithe detector as a function time, for the
Biodyne A (amphoteric nylon 6, 6) 0.46n membrane/yeast system (second backpulsing
with SES solution). The time interval shown encoeses all the reflections received for the

water/film, film/membrane and membrane/metal suppuerfaces.
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Figure A4.1.3 Amplitude of the reflection receivatithe detector as a function time, for the
PS membrane/yeast system (second backpulsing &i#hsBlution). The time interval shown
encompasses all the reflections received for thetemidm, film/membrane and

membrane/metal support interfaces.
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Figure A4.1.4 Amplitude of the reflection receivatithe detector as a function time, for the
PS membrane/dextrin system (second backpulsing &% solution). The time interval
shown encompasses all the reflections receivedtter water/film, film/membrane and

membrane/metal support interfaces.
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A4.2 F9 SOLUTION

growth of fouling layer residual fouling
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Figure A4.2.1 Amplitude of the reflection receivadthe detector as a function time, for the
Biodyne A (amphoteric nylon 6, 6) 0iZn membrane/alumina system (second backpulsing
with F9 solution). The time interval shown encongessall the reflections received for the

water/film, film/membrane and membrane/metal suppaerfaces.
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Figure A4.2.2 Amplitude of the reflection receivadthe detector as a function time, for the
Biodyne A (amphoteric nylon 6, 6) 0.46n membrane/yeast system (second backpulsing
with F9 solution). The time interval shown encongessall the reflections received for the

water/film, film/membrane and membrane/metal suppuerfaces.
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Figure A4.2.3 Amplitude of the reflection receivatithe detector as a function time, for the
PS membrane/yeast system (second backpulsing ®igokition). The time interval shown
encompasses all the reflections received for thetemMidm, film/membrane and

membrane/metal support interfaces.
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Figure A4.2.4 Amplitude of the reflection receivadthe detector as a function time, for the
PS membrane/dextrin system (second backpulsingr@tiolution). The time interval shown
encompasses all the reflections received for thetemMidm, film/membrane and

membrane/metal support interfaces.
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APPENDIX 5

DEFOULING EXPERIMENTS WHEN THE FIRST BACKPULSE WAS
A SOAP SOLUTION

Comments on these results are made in Section 5.7.

A5.1 FOULING WITH AN ALUMINA SUSPENSION IN A MF SYSEM
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Figure A5.1 Flux against time for the Biodyne A (@mteric nylon 6, 6) 0.Am membrane

/alumina system (first backpulsing with SES sodpt&m).
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A5.2 FOULING WITH A YEAST SUSPENSION IN A MF SYSTEM
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Figure A5.2 Flux against time for the Biodyne A (@mteric nylon 6, 6) 0.4hm membrane
lyeast system (first backpulsing with SES soapt&mij
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A5.3 FOULING WITH A YEAST SUSPENSION IN A UF SYSTEM
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Figure A5.3 Flux against time for the PS membraeagt system (first backpulsing with SES

soap solution).
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A5.4 FOULING WITH A DEXTRIN SUSPENSION IN A UF SY&HM
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Figure A5.4 Flux against time for the PS membratexttin system (first backpulsing with

SES soap solut

ion).
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APPENDIX 6

ULTRASONIC MEASUREMENTS WHEN THE FIRST BACKPULSE
INCLUDED USE OF A SOAP SOLUTION

1 growth of fouling layer residual fouling
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Figure A6.1 Amplitude of the reflection receivedthé detector as a function time, for the
Biodyne A (amphoteric nylon 6, 6) Oj2n membrane/alumina system (backpulsing with SES
solution). The time interval shown encompassethalreflections received for the water/film,

film/membrane and membrane/metal support interfaces
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35, growth of fouling layer residual fouling
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Figure A6.2 Amplitude of the reflection receivedthé detector as a function time, for the
Biodyne A (amphoteric nylon 6, 6) 0.48n membrane/yeast system (backpulsing with SES
solution). The time interval shown encompassethalreflections received for the water/film,

film/membrane and membrane/metal support interfaces
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40 growth of fouling layer residual fouling
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Figure A6.3 Amplitude of the reflection receivedia¢ detector as a function time, for the PS
membrane/yeast system (backpulsing with SES solutidhe time interval shown
encompasses all the reflections received for thetemidm, film/membrane and

membrane/metal support interfaces.
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Figure A6.4 Amplitude of the reflection receivedia¢ detector as a function time, for the PS
membrane/dextrin system (backpulsing with SES &woiut The time interval shown
encompasses all the reflections received for thetemMidm, film/membrane and
membrane/metal support interfaces.
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