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# # 4070360521 : MAJOR CHEMICAL ENGINEERING

KEY WORD : ULTRASOUND / MICROFILTRATION / ROTATING FILTER
PHUTPHAN CHAROONRAT: EFFECTS OF THE ULTRASONIC WAVE ON MICROFILTRATION IN A
ROTATING FILTER. THESIS ADVISOR : ASSIST.PROF. HATHAICHANOK DURIYABUNLENG, Ph.D.
THESIS COADVISOR : ASSOC. PROF.CHIRAKARN MUANGNAPOH, Dr.Ing., 216 pp. ISBN 974-13-
0592-3.

This present research is an application of ultrasound in the rotating filter micorfiltration system. The
objective of this work is to reduce the rate of agglomeration of filtered particles on the membrane surface
thoroughly in order to enhance the filtration efficiency without an increase of the number of the ultrasonic
transducers. Ultrasound is pronounced by the reduction of the filtration resistance with the phenomenon
called the cavitation and the turbulent movement of the fluid. These phenomenon have resulted in the
removal of the particles deposited on the membrane surface within the area of which is radiated by
ultrasound. To optimize the number of the ultrasonic transducers used to cover the whole area of the
membrane surface, the rotating filter coupling with an ultrasonic transducer on the outside cylindrical wall is
thus implemented. The factors affecting the filtration flux of the rotating filter system with ultrasound have
been studied i.e. the baker’s yeast solution 5, 10 and 20 g/l, the transmembrane pressure 0.22, 0.35 and

0.46 bar, the ultrasonic intensity 0.44, 1.76 and 3.09 w/cm®, the rotation speed 0-100 rpm.

It has been found that in this system there is no effect from the shear force caused by the Taylor
vortice of which would reduce the cake formation and consequently an increase of the flux. The experimental
results have shown that the rotation speed has also no effect on the steady-state flux. It is also found that
under ultrasonic irradiation the filtration flux is increased by 2 times with the rotating filter compared with the
case without the rotation. The less the feed concentration, the more the effect of the ultrasonic on the flux. An
increase of the ultrasonic intensity affects on the increase of the effect of the cavitation in the removal of the
particles deposited on the membrane. An increase of the transmembrane pressure also enhances the flux
under an ultrasonic irradiation. From the experimental results, it is found that the optimum condition is at an
ultrasonic intensity 3.09 W/em’; the feed concentration 110 g/l, the transmembrane pressure 0.46 bar, the
speed rotation of 5-100 rpm, the flux can be increased by 3-5 times when compared with the case without
ultrasonic and rotation. In the range of the studied ultrasonic intensity, the effects of ultrasonic on the percent

rejection of the membrane and the characteristics of yeast have not found.
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qunIziuiluAuiieIaINN19gAAuLeIAINIeduTaLfn  (Cake) WWITUAU

asazgaldatunsaluae il (gua 3.1n)
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2. n1Neaduu L IMAUNY (Cross-flow  Filtration)  1114N19N 3R AWRWINIAN UL
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3.1 MsnsasszAUaNNIALULTNA2UIU (Cross-flow Microfiltration)

NMINIBNILAUAYNIA AB NITLAUNIINIBINANNITLALANANINHIUIABYNA
3e9749 0.1 — 10 lulnswms 16 auduauiagnguaeitiawsiu 3an1suanauantinuete
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A, AN NTRludNatlan

J =70 (DIS) In(Cgley) (3.1)
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AINENNTAWUIN IaANNd N UTeIdnsTlan (Cp) WNNHNNAU AYNANEN19NTA

a
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9. ANAU (Transmembrane Pressure)

J = APy/u(Ry+Rc+Rp) (3.2)

e Ry A2 AIINAIUNIUNTN I8N E B (FRLTWRANAT)
Rc A9 AMNAINNILNNINIANTDIaUN1ANATANLUHIEA LN (sla-
LIURLNAT)

Rp  #f AINFNUNILLHEIANNNI99AFINIE TLugnILTIRaLE B e (Fie-

BRI AT)
APy = (R+PR)/2-F (3.3)
e R A8 ANNAUINN (AIANTNLINFARANTNTURLNAT)

P, A AMAaAuIean (AlanTuLsssanisemuRmiumg)
P A8 AN UANLINEREY (RIANTULINFADANT TR LNAT)
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A. AnsiFluanatlan (Feed Flow Velocity)
PN @ PN ' A a a £ = 1 o 2
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AIHAUILATATTNANUNIUNNTNIBIT BN A LILEAIE B WU AYana A1dNLlsvAnsnis
] A a X o e eRoa oa X : N @ N =
themuaANANTY AiudandasiAniaau winiaiinauda luaeilenganulliena

Tinaneynialaaewiziiiugduvizdanagodenniauis i
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1 [~1 [ %3 4 1
3.1.2  AIANMNAINITOlUNTINUNUYR9LEawLEHY (Rejection)
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o8 R Aa wefdulunisnuinuedLEia e
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4,
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2. wuuviagiau (Spiral Wound. Module) qilnspiasilaznausagiueinggs iEiaueiu
WEILFILTIHNDTLAN LAZLHUAUTENINNTY 99 F AU ULAZ LW UL N WY 8
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AnatAuifauiy dounainisacwdauiuazgnaumnlliunuria Tnausias
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3. WuuYie (Tubular Module) Eiauduldianauglanmsiia dousnnnngluay
1sznausoaviananaian TN LNa NN AL 11uN1TN904 A9fasin1sTiaeny
o , A
n75qluaatingg

4. wuudulenana (Hollow Fiber Module) LEaubuaRaluananneawmes J

ANTEULTI LT DUUIALANANUILHINHITATIN L

3.3 LATEINIANTEALAYNIALLLINENIUY
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\PFaaNTasTin Az idnsnIInsasiigandesednsesuLLviaTtia linyu Insande
WANNNINHWINTBNAIATABIBIMENLARS (Taylor Vortice) NINHWINIBNANTATATAL NS
THifausaRaunaeaiontinresiawiy N liaynianin1zntazedtialtluanas ann13gn

FuraEauets N1 HPaUNIINIIULDILATEINTANUNLAUARE

1PEILIAAUNNATULTIN R TDLEIALEL ANN1TDAWIULE Fadunng

@R
T w023 7 ’ (3.6)
e T A BMILeal (Effective Shear Rate) (Aaq117)

Ae Awehaefliwes (Taylor Number) (-)

1 [~3 a al 1 al
8 ANAINLTATINN = 270 (LILALURADUIN)

S
o)

o

a SFAiNeuanaadtiauey (EuRLNmA)

Ry
=
)8

'
o

rF & 9 q AT a
R, Aa FANANe lLLeIeNaNIzUeNTNBLTLN (MR RAS)
A A9 AYINNINBITAIIN199EUTNNTINTINFE LN LRI LE A LA

uanlpedaAwiaty R, = R, (uRum9)

o

xR ANmEae fINIeT (Ta) WangNniswmsiaas sail

(3.7)

R, +R,

0.5
oRA|  2A
v

lag T,  AeAndeefilues ()

= @ A = ' a
® A ANNEIESN = 270 (BRgUsewNT)
v A9 A TN TR R LENAN (AT 9T UR IR AT WIT)
n AB AYINLTITALININN U BLEY (SaLIABUNT)

T8N Ta< Tagit AXNANHUZNNTIMALLUIILEEU (Laminar) teNasinainen

Ta’cri[ = 413 + 131 A/ Rl (38)
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1FAINNTOULNA N UL NNT MalasanAa AN NN us I U AW aa SN ILa AU

Anmuznisuyuussmdiassnigludedneseudnilsianssnszuensuluiuniite

ueiuguuenlfil
nsluauuLsuEaL (Laminar Flow) Ta < Tacrit
NIIAYUIBLLLIILEEL (Laminar Vortex Flow) Tacrit < Ta< 800
drennaulaeuudasnstua (Transition Flow) 800 < T, <2000
mimmmmuﬂuﬂqu (Turbulent Vortex Flow) 2000 < T, < 15000-15000
Aneluauuuihulan ( Turbulent Flow) T. > 15000

wgNIsnutanEuznislualigaingild 3.4 Gadunsuanspruduiug
sendnsAmdiaafiuwaiiazasdiuamiunes dersdiuaminiwas (Reynold Number)
A4 e o o v R0d A vy o o
Mngadasiunisinasasansazaiafinsednaaiazasnsasaaitoununyuls laun Aned
Tuafilnwafanuuauanias A luafiluiuasidasainnisuy uaasitio il (Tangential

Reynold Number) $9A1798248713130A 1388 l8a0n

Re, = (3.10)

b

Tne Re, A ALIHTUAAUNILATANNUUILNY ()
a co  ed 4
Re, A8 AatluantiuiuefiiasaInnIsuyuaedieawslu ()
y A ANNNLFIUENETATA AN WAL (CIWALNATFARWNT)

dy Ao dudaugueinalansedniaAnwinty 240 (uswmg)
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2. M iAanas (Cavitation) Aulusionarszaawan TnanasEusudauluniiaann
anAvTainanag luaNa1FaaINIANNZaL AMNRGNUITLIRNHINTUEAY
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= o [ % o azdl a a A | ng 4
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P+P, = P,+P +20/R, (4.5)
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V1l Inlet Valwve

Ve Bypass WValve
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M Motor

Ultrasonic Set
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MAREINITNARRIN 100

pssAsasEeus 0.22
shansnsasirazerafidslsisihunianses 2.8
Wandtnazenaigaliriunisnses (J,) H 0.0265403
'a"ﬁmmimmim:mmﬁdmmsnifmLm:ﬁlﬁﬂﬁmﬂg‘ 0.1283333
vwlﬁﬂﬁminimfmﬂ:mmﬁti'mﬂ']ini@mmﬁﬁnﬁm@q () = 0.0012164
'a"smmimmimzmm*?'imumsnimLngmﬁﬂﬂmuﬁq 2.6
vwlﬁﬂﬁﬁm:mmﬁmumimmLL@:QULﬁnaﬂnLLéa(JP) = 0.0246445
MFisnsas 105.5
AYNUTIATDITBILUAT 0.8007
- MFAIUIIANAINAAUYIUNITNT DI D A LHY (Ry)
J, E AP /0 R,
Ry = APl d,
- 0.22x 10" N/m’

bar

3
cm/s

3 2*
cm/cm *s

3
cm/s

3 2*
cm/cm *s

3
cm/s

3 2*
cm/cm *s
cm

cp

0.000801 N*s/m” X 0.0265 cm /cm’s

-1
cm

= 1.04E+09
- NMFATUIUATIAMNATUNIUNITNTAILUINGY (R,)
J, = APy /1 (R y*R )
Ry+Rp = APy lnd,
5 2
= 0.22x10° N/m

0.000801 N*s/m” x 0.0246 cm /cms

115

2
2.20E+04 N/m

2
0.0008007 N*s/m
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111E+09  cm.

R, = 111E+09 - R,

796E+07 cm’'

’ 0.0012 cms/cmzs

1.11E+09

~,
Y

| I
AONUUINYUINNS )
ANRINITUNINE AL



AONUUINYUINNS )
ANRINITUNINE AL



118

.0

[

6P
WYRMLRLINLLYMLESYLIEMLEU | _Kr_u_;n

EYMITILT 00 XmgOFGEFOEKv@jﬁMC@@hrCrE

90 G0 ¥'0 €0 20 10 0
0
- 10
20
866670 = ¥ » ¢0
7%00°0 - XG8'0 = A o
- G0

90

U) UPRMLNELINELLY
~ o = % %

EYYLUNE

(



AONUUINYUINNS )
ANRINITUNINE AL



120

SaMLE 1
PORESIIER 2330 VE.O4 FAGE )
SAMPLE DIRECYORY/NUMBER: EDRTA A
COPERATOUR: SDOMSRI

SAMPLE TD: SerPLE L

SURMITTER: TISTR

LF o 13:29:14 0i/03/01
HE  14:068: 310 01703700
REF 14:06:072 0100708

FEMETROMETER NUMBbRZR: 7 ALVARLCING CONTACT ARNGLE: 130,90 deg
FEHNETROMETER COMSTANG: . 10.7% ./ph RECEDING CONTACT AMNGLE: 130.0 deg

FENETROMETER WEIGHT: S, 4700 y MERCURY SHURFACE TENSIOM: 485.0 dyn/cm
STEM VOLUNE: 0, 5780 al MERCURY LENSITY: 13,0580 grml '
HMAY IMUM HEAD FRESSURE: 94,4500 psi SAMELE WETGHT : 0,800 g
HENETROMETER YOLUME: & 0% mi SAMPLE+FEM+Hg WEIBRHT: 139. 7500 g

LO% PRESSURE:
MERCURY FILLING MRESSURE: 1.4825 peia
LAST i PREGSURE POINT: 24,4334 psia

HIBH FRESSURE:

KUN 1 ¥HE s ALIOMATIC
HUN METHOD: ELMTL FBRATED
EQUIL IBKATION TIME: 10 seconds

IMTHUS UM DA TE SUMMARY

haYTe alsg
L. &30 By-mfy
Z.4185 m
dL5303 m
Z.7EAT m
£, 3535 gsml
1. 4409 g/ol
4o, ¥ on

95 ¥ eeex

TOTAL IMTRUSION VOLUME

1AL FPORE AHEA

MEDIAN FUORE DIAMETER {(VOLUME?
MEDIfAN PURE LIAMETER {(AREA?
AVERAGE PORE DIAMETER {4V.i8)
BHH R DEMSITY

AFEARENT (SKLELLIAL Y LENSITY
COROSITY

BEM WOLUME USED

i

SR | W

H]



SiPLE 3

FPORESIZIER YO0 VI, 08

SAMFLE DIRECTORY AMUMBER: EOATA A2
OFERATOR: SOMSRE

SAMFLE ID: SAMFLE 3

SUERMITTER: TISTH

FEMETROMETER NUMBER: 7
PEHETROMETER CONSTANT:
PENETROMETER WEIGHT:*

STEM VOLUHE:

HAYIMUM HEAD PRESSURE: 4.A500 psi
FPENETROHETER WOLLIME:

LOW PRESSURE:

MERCURY FI1LLING PRESEURE:
CAST LOW PRESSURE POLRT:

HIGH FREGSURE:

RUN TyFeE:
RUN MET
EQUILIBRATION TIME:

10.7% L/pE
69, 460G g
O.3920 oL

& Q500 mL

FUTOMATIC
HEt:

IMTRUSIGN DRTA SUHMARY

TETal INTRUSION vOLUME

TOTAL PORE AREA

MEDIAM FORE DISMETER (VOLUMEY
MEDIAN FPUKE DIAMETER (ARER)
AVERAGE PURE DIAMETER (4V/A)
BULY, DENSITY

APFARENT (SKELETAL) DENSITY
PORDSITY

STEM YOLUME USED

EQUIL TRRATED
14 seconds

1.3%&65 psia
24,5157 psin

(T TS T A 4

Wwour A

121

FAGE 1

LP  15:02:F& Q1/G4/01
HF Q713034 01705701
KEP 11:28:45 Q17197021

ARDVANCING CONTACYT ANGLE: 130.0 deg
RECEDING CONTACT AMNGELE:
MERCURY SUREACE TENSION: 485.0 dyn/em
MERCURY DEN3ITY:
BAMFLE WEIGHT:
SANFPLE+PEN+Hg WEIGHT:

130.0 deg

13.533% g/ .
Q. 4100 g
144.7500 ¢

C.HOSe mi/g
1.381 sg-m/g

248610 im

23405 m

Z2.333F im

Q. 7929 grmi
Z. 1954 grsml
&3.38 ¥

ed4 %
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SAMFELE 4
PORCS1IZER 2320 V2,04 PRGE X
SAMFLE DIRECTORY/NUMEBER: EDATR £l
OFERATOR: SOMSRI L 1311123 Q1704701
SAMFLE ID: SRMFLE 4 HE  13:48:43 Q1/04/01

SUBMITTER: TISTR REF 14:07:45 O1/04/01

g

FENETROMETER NUMBER: 7 ADVANCING CONTACY ANGLE: 13%C.0 deg
PENETROMETER DONSTANT: 10,79 L/pF RELCEDING DONTACT ANGLE: 130.0 deg
FENE TROMETER WEIGHT: &F. 4500 g MERCLRY SURFACE TENSION: 485.0 dyn/cm
STEM VOLUME: Q. 3920 mL MERCURY DENSITY: 13.9335 g/ml
MAY IMUM HEAD PRESSURE: 4.4500 psi SAMPLE WEILIGHT: 0.5000 g
PENETROMETER VDLUME: 6. 0500 kb SAMPLE+FEN+Hg WEIGHT: 147.4700 g

LUK PRESSURE:
HERCURY FILL1NG FPRESSURE: 1.&217 psia
LAST LOW PRESSURE POINT: 24.65635 psia

HIBH FRESSURE:

RUR TYFPE: UTOMATIC
HiMN METHOD: EQUIL IERGTED
EOUILTERATION TIME: 10 seconds

INTRUSIDN DATR SUMMARY

Q. 7222 mL/sg
1.2586 sg-m/g
2.2962 im
2.242% (m
Z.3007 im
U.80%4 g/ml
1.949%5 gl
=3.47 4
G932 L wwex

FOTAL INTRUSION YOLUME

TUTAL PORE AREA

MERIAN PORE DIAMETER (WwOLUME?
MEDIAN PORE DIAMETER (ARER)
AVERAGE FORE DIAMETER (4V/A)
BULE DENSITY

RPFARENT (SEELETAL) DENSLITY
FOROSITY

STEM wOLUME HSED

LR T B PR
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SAMPLE T
PORESIZER 9320 V2. 04 PAGE 1

SAMPLE DIRECTORY/NUMBER: EDATA /13 :
SOMSRI LE

OPERATOR: 19:00: 50 01 /705/08
SAMFLE ID: SAMPLE & HF  10:38:18 2:/05/01
SURMITTER: TISTR FEF 10:38:18 01/0G5/01
-.
FEMETROMETER NUMBER: 7 ADVANCING CONTACT ANGLE: 130.CG deg
PENETROMETER COMSTANT: 10,79 L/pF RECEDING CONTALCTY ANGLE: 13C¢.C deg -
PENETRUMEYER WEIGHT: &F. 44600 g MERCURY SURFACE TENSIOM: 485.0 dyn/ca
STEHM i UME: CQUEF20G ol HMERCUSRY DENSITY: 13,5335 g/mb
HAXIMUM HEAD PRESSURE: 4.4500 pei SAMPLE WEIGHT: . 4200 g
FENETROMETER VOLUME: &. 0500 mh SAMPLE+PEN+Hg WEIGHT: 135.4300 g

LOW PRESSURE:
MERCURY FILLING PRESSLRE:
LAST LOW PRESSURE FOINT:

1.7&37 peia
24.5780 psia

HIGH PHESSURE:
RUN TYFE:
RUN METHOD: )
EQUILIBRATION TIHE:

AUTOMAT IO
EQHILIERATED
1¢ seconds

INTRUSION DATA SUMMARY

TOTAL INTRUSION VOLUME = 0. 6863 mL/g
TOTAL FORE ARER = 3. 363 =g-m/g

MEDIAN FDRE DIAMETER (VOLUME) = 2,15446 im
MEDIAN PORE DIRAMETER (ARER} = G, Q250 m
AVERAGE FORE DIAMETER (AV/fA) = O.Bt&T m

BULE DEMSITY = O.89682 g/mu

REPARENT (SHELETAL) DENSITY = 23424 grmb
FOROSITY = al,.8% %
STEM VOLuME USED = 74 %
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SAMPLE &

FPORESIIER $320 V2. 04 FRGE 2
SHMPLE DIRECTORY /MUMEER: ED&TA ri4
OFERARTOR: SOMSRI L %z03:114 Q1705701
SaMFLE 1D SAMFLE & HF  (8:47:54 Gl/GB/018
SUBMITTER: TISTR REP GB:47:54 01/08/01

-
FEMETROMETER NUMBER: 7 0 ADVANCING CONTACT ANGLE: 130.0 deg
PENETHROMEYER CONSTANY: 10.79 (L/pF RECEDING CONTACT ANGLE: 130.0 dweg -
PENETROMETER, WEISHT: &659. 4600 g MERCURY SURFACE TENSION: 885.0 dyn/cm
STEM VOLUME; C. X920 mi HERCURY DENSIYTY: 1Z.S335 g/im
HAXIMUM HEAD FRESSURE: 4.4500 pei SAMFLE WEIGHT: Q.470C g
PERE TROMETER \VDLUME: &£.0500 @l SANMPLE+PEN+Hg WEIGHT: 144.1300 g

LBW PRESBURE:
MERCURY FILLING PRESSURE: 1.&557 psia
LAST LOW FRESSURE FOINT: 24,6587 psia

HIGH PRESSURE:

RUN TYPE: HBUTOMATIC
FUN METHOD: ELILIDRATED
EUUIL IBRATION TIME: 10 teconds

INTRUSIDN DATA SUMMARY

2.14 %
UL A

POROSZITY
STEM VAL UME USED

TOTAL INTRUSION YOLUME = 0.75¢1 mLrsg
TOFAL PORE AREA = 1.3&3% sg-nmfg
MEDIAN FPORE DIAMETER (VOLUMEY = 2.2932 m
MEDIAN FORE DIAMETER (AREA; = 2. 1873 im
AVERKGE PORE DIAMETER t4v/8) = 2.2017 im
BULEK DENSITY = 0.828% gsmL
APPARENT (SKELETAL) DENSITY = 2.1883 g/mi
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MEMMHMNN
FORESI ZER 9R20 W2, 04"

FHGE 1
SAMPLE DIRECTORY/NUMEER: EDATH 127

OPERATOR: CHUMPHOL LP  11:46:23 G1/25/01
BAMELE 1D 10 (outside) HE  12:26: 86 01795 /00
SUBMITTER: TISTR - 24 2=

REF 12:2&:48 01725701

FENETROME TER NUMBER: 7 ADVANCING CONTACT ANGLE

=NE TH N ) Er 130,
P&H&TRUNETER LQNSTﬁylz 1G.79 L/pF RECEDING CONYACT ANGLE: 1;3_8 ggg
PENETROMETER WEIGMT: &F.810G g MERCURY SURFALCE TENSION: 485.0 dynscm

STEM VOLUME: L3920 ml HERCURY DENSITY: 13.5335 g/mi -
MANIMUM HEAD FRESSURE: 4.4500 pei SAMFLE WEIGHT: O_&300 g
PENETRUME [ ER WOLUME . 0500 mL SAMFLE+FPEN®Hg WEIGHT: {42 4700 g

Lidd FRESSURE:
MERCURY FILLING PRESSURE: O0.5570 peia
LAST LOW PRESSURE POINT: 24,4310 psia

HIGH FRESSURE:

UM TYRE: AUTOM3T I
RUN METHUD: ECUILIBRATED
EQUILIBRATION TIME: 10 eeconds

SNTRUSIOM DATA SUrMHMaky
{FRUM FRESSURE 0,00 10 30000, 00 psia

TOTRL INTRUSIGHM YOLUME

TGTAL FPORE ARER

MERIAN FORE DIAMETER (VOLLME]
MEDIAN FUORE DIAMETER (AREA:
AVERAGE FORE DIAMETER (4V/h)
BULK DENSZITY

APPARENT (SKELETAL) DENSITY
FORGSITY

STEM WOLUME USED

Q. 5840 mL /g
Q.978 sg-mig
2.3361
2,893 m
Z.3881 im
0. 7025 g/mi
1.7207% gsok
nUo70%
H4 ¥ OEXRF

momronoumE Y
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@; LS Particle Size Analyzer
DULTEH 6 Jan 2001
name: POMA.$33 Group 1D; pom
mple 1D: 157_0
tcal model:  Fraunhofer
20 Small Volume Module
gttime: . Run length; 60 Seconds
scuration: 9%

id: Water

erage of 3 Files:

m$3i pom.$32 pom.$33

fiware: 211 Firmware: 2.02 2.02

Differential Volume (Average) (2 5.D.)

12

10

volume (%)

o ] ¥ LI | | | RS I i | LI | i ] T L | T
0.4 1 2 4 6 10 20 40 60 100 200 400 1000 2000
Particle Diameter (pm)

Volume Statistics (Arithmetic) poma.$33

ulations from 0.375 pm to 2000 pm

me 100.0%

an; 6.304 ym 8.D. 3.581 pm

dian:; 5,286 pm CV. 56.8%

12): 5.189 pm Skewness: 2.226 Right skewed
de: 4.878 pym Kurtosis: 4.813 Leptokurtic

b < 10 25 50 75 a0

Szeym  3.491 4.209 5.286 6.760 10.25
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@- LS Particle Size Analyzer
®

COULTER 6 Jan 2001
Fle name: POMA.$36 Group ID: pom
Sample 1D 157_30
Optical model:  Fraunhofer
L8 230 Small Volume Module
Start ime: Run length: =~ 60 Seconds
Obscuration: 8%
Fluid: Water
Average of 3 Files:;
pom.$34 pom.$35 pom.$36
Software: 2.1 Firmware: 2.02 2.02

Differential Volume (Average) (2 S.D.)

204
154
2 /
o 10 /
£ f
=
=
5_
07— - | — —— | R ——— ] | ]
0.4 1 2 4 B 10 20 40 60 100 200 400 1000 2000

Particle Diameter (um)

Volume Statistics (Arithmetic) poma.$36

Caloulations from 0.375 pm to 2000 pm

Yolume 100.0%

Mean: 4,917 um S.D.: 1.086 pm

Median: 4,962 um CcV.: 22.1%

0(3,2): 4595 um Skewness: -0.510 Left skewed

Heode: 5.355 pm Kurtosis: 0.503 Leptokurtic
% < 10 25 50 75 90

Size ym  3.663 4.291 4,062 5.657 6.275
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6 Jan 2004
iie name: POMA.$39 Group ID: pont
Sample 1D 157_60
optical model:  Fraunhofer
15230 Small Volume Module
Start time: Run length: 60 Seconds
Obscuration: 10%
Fluid: Water
Average of 3 Files!
pom.$37 pom.$38 pom.$39
Software: 2.11 Firmware: 2.02 2.02
Differential Volume (Average) (2 S.D.)
204
154
. '5
g 10"' r.'l
g [
- |
// \‘
O~ I =T 1 1 T " 3 T AL |
04 1 2 4 6 10 20 40 60 100 200 400 1000 2000

Particle Diameter (um)

Volume Statistics (Arithmetic) poma.$39

Calculations from 0.375 pm to 2000 ym
Yolume 100.0%
Mean: 4,890 pm 5.D.: 1.091 pm
Median: 4.944 pm C.V. 22.3%
D(3,2): 4 563 ym Skewness: -0.530 Left skewed
Mode: 4.878 pm Kurtosis: 0.453 Leptokurtic

% < 10 25 50 75 90

Sizepym  3.613 4.272 4.944 5,632 6.245
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LS Particle Size Analyzer

130

[ ]
.DULTER & Jan 2001
fe name: POMA.$42 Group 1D: pom
ample 1D 157_90
ptical model:  Fraunhofer
§230 Small Volume Module
tart time: Run length: 60 Seconds
bscuration: 9%
luid: Water
werage of 3 Files:
om.$40 pomn.$41 pom.$42
oftware: 2.1 Firmware: 2.02 2.02
Differential Volume (Average) (2 S.D.)

20

155
g

- |

g 10 @
2 Ii
o] :
>

5.._

0 T l = T E— . g SR, ]

0.4 1 2 4 6 10 20 40 60 100 200 400 1000 2000

Particle Diameter (um)

Volume Statistics (Arithmetic)

aculations from 0.375 pm to 2000 pm

dume
lean:
edian:
(3,2):
nde:;

% <
Size um

10
3.652

100.0%

4,906 pm
4,953 pm
4 588 um
4.878' um

25
4.286

S.D.:

CV.:
Skewness:
Kurtosis:

50 75
4.953 5,640

poma.$42

1.079 um
22.0%
-0.525 Left skewed
0.509 Leptokurtic

90
6.252



LS Particle Size Analyzer

131

oulLrTer 8 Dec 200(
Group ID: 1
1
pom
Omin
Fraunhofer
Small Volume Module
it time: Run length; 60 Seconds
bscuration: 9%
Filid: Water
verage of 3 Files:
501 1.$02 1.$03
ftware 2.1 Firmware: 2.02 2.02
Differential Volume (Average) (2 S.D.)
12
10~
: _ 8-
N
g &
!
g 4
2_
0~ r—— TN T ] T 71 I | I T
0.4 1 2 4 6 10 20 40 60 100 200 400 1000 2000

Particle Diameter (pm)

Volume Statistics (Arithmetic)

valculations from 0.375 um to 2000 um

folume
fean:
jedian:
33,2):
fode;

% < 10
- Size ym  3.384

100.0%

8.259 um
5.231 ym
5.136 um
4.878 pm

25
4113

50
'5.231

S.D:

CV.:
Skewness:
Kurtosis:

75
6.902

(Untitied)

3.335 pm
53.3%
1.697 Right skewed
2.254 Leptokurtic

90
12.09
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@- LS Particle Size Analyzer
®
OULTER 8 Dec 2000
ename: Group iD: 1
mple 1D: 2
yerator pom
mments: semin
fical model:  Fraunhofer
1230 Small Volume Module
art time: Run length: 60 Seconds
scuration: 9%
Jid: Water
werage of 3 Files:
$04 1.$05 1.506
fware: 2.11 Firmware: 2.02 2.02
Differential Volume (Average) (2 S.D.)
204
15
: |
E 10 \
2 EI
o II
>
54 i
01— /T\/ =11 T | | T |
0.4 1 2 4 6 10 20 40 80 100 200 400 1000 2000
Particle Diameter (um)
Volume Statistics (Arithmetic) (Untitled)
lculations from 0.375 um to 2000 ym
iume 100.0%
an; 4,882 pm 8.D.: 0.967 um
izn: 4.873 pm CV. 19.8%
32) 4,651 pm Skewness: -0.229 Left skewed
ide: 4.878 ym Kurtosis: 0.417 Leptokurtic
% < 10 25 50 75 90
Sizeum  3.729 4.252 4.873 5.541 6.131
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@3 LS Particle Size Analyzer
JULTER 8 Dec 2000
ime: Group 1D: 2
e ID: 3
for; pom
ients: 40min
I model: Fraunhofer
J Small Volume Madule
ime: Run length: 60 Seconds
Iration: 11%

Water
ige of 3 Files:
2.%02 2.303
are; 2.1 Firmware: 2.02 202

Differential Volume (Average) (2 S.D.)

20

15

10

’

] 1 | | L i ] ! L f
10 20 40 60 100 200 400 1000 2000
Particle Diameter (pm)

Volume Statistics (Arithmetic) (Untitled})

ations from 0.375 ym 1o 2000 ym

e 100.0%
4.819 um S.D.: 1.025 um
n: 4.841 pm C.V.: 21.3%
; 4,536 pm Skewness: -0.417 Left skewed
4.878 pm Kurtosis: 0.543 Leptokurtic
10 25 50 75 90

e m - 3.634 4.204 4841 5514 6.106
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3 LS Particle Size Analyzer
]
COUILTER 8 Dec 2000
File name: Group ID: 2
‘Sample ID: 4
Qperator: pom
Comments: 30min
Optical model:  Fraunhofer
L5230 Small Volume Module
Start time: Run length: 60 Seconds
 Quscuration: 9%
Fluid: Water
Average of 3 Files:
2504 2.$05 2.%06
Software: 2.11 Firmware: 2.02 2.02
Differential Volume (Average) (2 S.D.)
204
15
8
g 10
=
O
>
5_
O—r—— ! T o T T 1 T
0.4 1 10 20 40 60 100 200 400 1000 2000

Particle Ciameter (um)

| Volume Statistics (Arithmetic)

Calculations from 4.375 um to 2000 pm

Yolume 100.0%

Mean: 4,839 pm S.D.
Median: 4.857 pym CV.
0(3,2): 4.557 um Skewness:
Mode: 4.878 ym Kurtosis:

% < 10 25 50 75

Size um  3.641 4.212 4.857 5.537

{Untitled)

1.028 pm
21.3%
-0.390 Left skewed
0.490 Leptokurtic

20
6.132



LS Particle Size Analyzer
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® .
COULTER 8 Dec 2000
File name: Group ID: 2
Sample ID: 5
Operator: pom
Optical model:  Fraunhofer
LS 230 Small Volume Module
Start ime: Run length: 60 Seconds
Obscuration: 9%

Fluid: Water
Average of 3 Files:
2.507 2.$08 2.$09
Software: 2.11 Firmware: 2.02 2.02
Differential Volume {Average) (2 5.D.)
20
15
g
g 10
=
o
>
5_.
e e T T T T 73 |
04 1 10 20 40 60 100 200 400 1000 2000
Particte Diameter (Um)

Velume Statistics (Arithmetic)

Calculations from 0.375 ym to 2000 ym

Volume 100.0%

Mean: 4,866 um

Median: 4.874 um

AER2): . L0 0 4608 um

Mode: 4.878 um
% < 10 25

Size ym  3.695 4246

S.D.

CV.:
Skewness:
Kurtosis:

50 75
4.874 5.544

(Untitled)

0.998 pm
20.5%
-0,346 Left skewed
0.516 Leptokurtic

90
6.131



LS Particle Size Analyzer
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.3
COULILTER 19 Feb 2001
File name: poma.$51 Group 1D: pom
Sample ID: probe_5 '
Optical model:  Fraunhofer
LS 230 Small Volume Module
Start time: Run length: 60 Seconds
Obscuration:; 10%
Fluid: Water
Average of 3 Files:
porn.$49 pom.$50 pom.$51
Software: 2.11 Firmware: 2.02 2.02
Differential Volume (Average) (2 5.D.)
15
_ 10- \
& ' .
2 A
g 5
/
O NS —T T o T T T
0.4 1 2 4 6 10 20 40 60 160 200 400 1000 2000
Particte Diameter {um)
Volume Statistics {Arithmetic) poma.$51
Calculations from 0.375 pm to 2000 pm
Yolume 100.0%
Mean; 4.702 pm S.D.; 1.116 um
Median: 4.602 pm C.V. 23.7%
03,2} 4,441 um Skewness: 0.392 Right skewed
Mode: 4.878 ym Kurtosis: -0.385 Platykurtic
% < 10 25 50 75 90
Size ym  3.300 3.850 4,602 5.472 6.271
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@ - LS Particle Size Analyzer
1.
COULTER 19 Feb 2001
File name: poma.$54 Group 1D: pom
Sample ID: probe_15
Optical model:  Fraunhofer
LS 230 Small Volume Module
Start time: Run length: 60 Seconds
Obscuration: 8%
Fluid: Water
Average of 3 Files:
pom.$52 pom.$53 pom.$54
Software: 2.11 Firmware: 2.02 202
Differential Volume {(Average) (2 S.D.)
15
i
10 /
=
g 1
=
. \
0 — T T ——r ] — —— T T
04 1 2 4 6 10 20 40 60 100 200 400 1000 2000
Particle Diameter (um)
Volume Statistics (Arithmetic) poma.$54
Calculations from 0.375 um to 2000 pm
Yolume 100.0%
Mean: 4,063 pm S.D: 1.058 um
Median: 3.999 uym CV.: 26.0%
0(3,2); 3.752 ym Skewness: 0.173 Right skewed
Mode; 4,047 um Kurtosis: -0.133 Platykurtic
% < 10 25 50 75 90
Sizeym 2.776 3.305 3.999 4,787 5.511
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@ LS Particle Size Analyzer

.

COUILTER 19 Feb 2001
File name: poma.$61 Group 1D:; pom
Sample ID: v3

Qperator; pom

Optical model:  Fraunhofer

LS 230 Small Volume Module

‘Start time: Run length: 80 Seconds
Obscuration: 8%

Fluid: Water

Average of 2 Files:

pom.$61 pom.$63

Software: 2.1 Firrnware: 2.02 2.02

Differential Volume {Average) (2 S.D.)

10
g1 )
S
g
3 4
=
27
0 T T N = T A | T
0.4 1 2 4 B 10 20 40 80 100 200 400 1000 2000

Particie Diameter (um}

Volume Statistics (Arithmetic) poma.$61

Calculations from 0.375 pm'to 2000 um

Volume 100.0%

Mean: 6.679 pm S.D: 3.964 um

Median: 5.427 ym CV. 59.4%

D(3,2): 5.326 uym Skewness: 1.804 Right skewed

Mode: 4.878 pm Kurtosis: 3.064 Leptokurtic
% < 10 25 50 75 a0

Sizeym  3.472 4.238 5427 7.221 13.35
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-@- LS Particle Size Analyzer
@®
COULTER 19 Feb 2001
File name: poma.$66 Group ID: pom
Sample ID: vB
Operator: pom
Optical model:  Fraunhofer
LS 230 Smail Volume Module
Start time: Run length: 60 Seconds
Obscuration: 9%
Fluid; Water
Average of 3 Files:
pom.$64 pom.$65 pom.$66
Software: 2.1 Firmware: 2.02 2.02
Differential Volume (Average)} (2 S.D.)
15

. 104

>3

1))

E

=

g 5

.
Q- T [ = — | ]
0.4 1 2 4 6 10 20 40 680 104 200 400 1000 2000

Particle Diameter {um)

Vaolume Statistics {Arithrnetic)

Calculations from 0.375 pm to 2000 uym

Volume 100.0%

Mean: 6.608 ym S.0:

Median:; 5.302 um CV.:

D{3.2). 5.204 pm Skewness:

Mode: 4.878 um Kurtosis:
% < 10 25 50 75

Sizepym 3.700 4.407 5.302 6.722

porna.$66

3.940 ym
59.6%
1.970 Right skewed
3.590 Leptokurtic

90
12.00
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LS Particle Size Analyzer

140

20 Jan 2001

File name: POMA. 369 Group 1D: pom

Sample ID: v10

Optical model:  Fraunhofer

15230 Small Volume Module

Start time: Run length: 60 Seconds

Obscuration: 9%

Fluid: Water

Average of 3 Files:

pomn.$67 pom.$68 pom.$69

Software: 2.1 Firmware: 2.02 2.02

Differential Volume {Average) (2 5.05.)

10
8

g 6

E

2 4

O

=
2 -
0 r—r— | B [ e ; T T T

0.4 2 4 6 10 20 40 60 100 200 400 1000 2000

Particle Diameter (fam)

Volume Statistics (Arithmetic)

. Calcutations from 0,375 pm to 2000 pm

~ Yolume 100.0%
Mean: 7.269 um
Mediar: 5,550 um
D(3,2). 5.510 pm
Mode: 4. 878 um

% < 10 25

Size ym  3.485 4.280

S.Di;

C.V.:
Skewness:
Kurtosis:

50 75
5.550 7.856

poma.$69

4.689 pm
64.5%
1.679 Right skewed
1.977 Leptokurtic

90
15.43
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19 Feb 2001

File name: poma.$75 Group 1D pom
Sample ID: v20
Optical model:  Fraunhofer
LS 230 Small Volume Module
Start time: Run length: 60 Seconds
Obscuration: 10%
Fluid; Water
Average of 3 Files:
pom.$73 pom.$74 pom.$75
Software: 2.1 Firmware: 2.02 2.02
Differential Volume (Average) (2 S.D.)
15

10+

=

: |

=

S \

g \/\_/\
0~ T T T 7 — 3, T ] 7
0.4 1 2 4 6 10 20 40 60 100 200 400 1000 2000

Particle Diameter (um)

Volume Statistics (Arithmetic)

5 Caloulations from 0.375 pm to 2000 pm

1 Volume

{1 Mean:
1 Median:

D{3.2):
Mode:

% <
Size pm

10
3.689

100.0%

6.113 pm
5219 ym
5.042 pm
4.878 ym

25
4,387

S.D.:

CV.
Skewness;
Kurtosis:

50 75
5.219 6.335

poma.$75

3.291 um
53.8%
2.264 Right skewed
5.523 Leptokurtic

90
10.51
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90 39 39
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135 40 40
150 40 40
165 40 40.5
180 40.5 40.5
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