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Abstract: Depth cartridge filters are widely used in various kinds of manufacturing process of industrial fields. This
study focused on the explanation of depth and surface filtration mechanism, manufacture process and also survey its major
company and market trend. Furthermore, the failure mode and major factor which can be occurred in use, and the reliability
test of liquid cartridge filter were studied.
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Top Seat Assembly

OD : 65mm
ID: ¢ 30mm
Length : 250+~ 1,000mm

+
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Cartridge filter I TUS 7stton®
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A T
Grade ; 0.5, 1, 3, §,10,25 micron

Fig. 1. The example of cartridge filter system.
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Fig. 2. The classification of liquid filters.
+ 38

IAE @‘Q@#ﬁog 94k PET AR
on, T4 BElv AL 7R SAAZ
AEH T gl AAo|th, o]#q o] fol= $MRHoT =
AL HEZF AA AR AY g ASVIRE R T A
Zke] Aadt £5o g J|ed dy REHoz 9

SakA|Foll vis) FA7IE FuFHL 9lo] o]of h-gE& 2
& =4k AFY A el o AF, HoF 2 A &
Fe AT V& Aol ArHog FQagh ol
2. AB0intEE Mo

gt o g WA AAYE = dFd 2A4E o] 43l
oz FHE B3 AxHAA L glon, o] FEL
Fig. 201418} o] AP FEA(FTE LFYADHY o7
7b oAtj o A WA E =Tt meh(o] Ao me) A
o ZH(depth filtration)?} FEHAIH(screen =+ surface

filtration)Z TEH T} Fig. 3014 Yebd 23 o] A
Zogs AW depth)ol tal LETHE HUH
EAsA gl ARAgAN 2RAE YAE]
EEE Ao de] gHHE TE Y BHAA YA
o7 ARET ASAqAEE T THAAIE ) vl
dH FA ofA}FE o] gt 7)FY A7) Bk ofyY



HEE AFAH FlERA FH 175

(@) (b)

Fig. 4. The picture of filter media afier filtration, (a) depth
filter, (b) membrane filter (source of (b): membrane filter
catalogue of Millipore company).
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Hg. 5. Schematic of a multistage depth filter (a) and pleated
surface filter (b) (source : (a) filter catalogue of Millipore
company, (b) filter catalogue of Parker-hannifin company).
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Fig. 6. The picture of Direct spinning filter (Pall filter,
Profile®II Filter).
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Fig. 7. Diagram of manufacture process of non-woven
wound depth cartridge filter.
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Fig. 8. The picture of fiber bonding in depth cartridge filter
(IXTUS® filter, ePore company, Korea).
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Table. 1. The Market Volume of Liquid Cartridge Filter
in Worldwide

2007 year 2012 year
Worldwide market USD 15.0 billion USD 21.0 billion
USD 1.3 billion USD 2.0 billion

Asian market

3,000 <
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2,000 73,

# Net sates
# Gross profit
Net earnings

1,500 +
1,000 +7

500 7

2004 2005 2“606 ‘ ~2‘007 WZ(;
The rate of growth is 6% at 2005 year and 14.5% at 2008 year
Fg. 9. Pall’s sales report for 5 years.
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Table 2. The Reasons of Several Failures in Cartridge Filter Use

Ttems Phenomena

Major cause

Performance results

The change of
End cap surface

Delamination * Bad raw material
Shrinking or
Swelling » Chemical compatibility

Deformation of
corss section

* Nothing of end cap sealing
» Bad Cutting process cause to bad surface of filter

* Boding process trouble
» Plastic injection molding core trouble
» Usage Trouble in using condition.

- leak
- low removal efficiency
- no increased pressure

* Bonding process trouble - cause bonding trouble in end

cap

» Irregular temp. control in filter manufacture process - abnormal flow rate & life time

* Bonding process trouble - leak

- low removal efficiency

- leak
- dramatic increasing pressure

& kA ALk e 2 g3 9g
Hi ok 2% Eo Ao 7tz
Ao 71z A Aot o5
o3 A FHo el AN
F AHA 1 Ag 9 F44
T ABtE &3 3 9tk

Y4 ZHe He BIZaAgAM Az Al
=4 AR HF A AR 2L
Azeta A7 g2, 24 2 7]¢EL wgos g
o=, YR, o v 717 Ap=e) ok
A ARFE Y Z&%o}ﬂl *Hi—fir BEzade A4S =
Akl gle Aol AAel,

o
% 1 S5 e A
2% J*é A Begdde] A& wg
27k AH D gom, o
Hroz 7450 gu.

HEH, A 19 F A3 F, 2009

2%), 85 3] g4A 3] A Agse 84,
£5o woh Hrlete FMAEERER) - ALUAE
(HEEEH) - B3 ASBHER) - TFASELHRD
A ZAR(RRER) T o8 7 EFUR o=
TREY E8= 7 45 E & E3ete we=dH, A
z9] 4 vE o] EI|&d It AXFAHL o
dsty HHE TEE WEV] Hste £A - %59y B
- T3 oA #H(edge runner)E W EFlo] o
7WA Z1A7F AHEE A Tk AT J)A RS 0] 83t
ERE AxT AS Bu L7 &5 A AA
Ol EAE Ho At ‘?7“-_]”0]‘4 =u FA4 A wA)
F(pin hole) ¢ B Aglo] o] o] & 43}
7] 95t Mgy =& 7}15—?41]%51%‘ o] &3 AFF
ol 87U
a8u A" BHY qFFA Fo, F5E& A
Ae Y o5 d(migration)oltt, 57+ 2EH
B e 359 2UE #ALE sty =7 ¢
& Aol 15___}-@3].04 Zro wAHE QI3 x%zé]_%]. A )}
dol] ofHYAAU, ogF FAH P wE Ao
‘34_’@5‘}01 ZE Y HY EE £502 Q3o 947
4y 9 Agdo] ofajx|s @] HAHIE g o

13 CFGY FHleak) NS HF ANEY dxzAd

-

ﬂ.&glﬂ



AgE s 7HEA 179

Fig. 10. The failure of cartridge filter in application of paint
& coating industry.
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Table 3. Requirements {stresses and performance) and Failure Modes/ Mechanisms Matrix

Failure modes/

Requirements mechanisms Flow AP Turbidity P;é:g:f;/ Leak Weight r:gz:;z; microbe
(Stresses and Performance)
Liquid flow rate ®) © )
Dust size & Concentration © O @
Pore size & distribution & O © &
Integrity o) @) ©
Viscosity © O &
Chemical compatibility o]
Temperature & & 0 0 O
pH @ & o &
Pressure o &
Water extractables O
*Classification for reliability : © very important, O important, <> normal
Table 4. Failure Modes/mechanisms and Test Method Matrix
Test method pore flow rate, water chemical Environ-  accelerated
Failure modes size test efficiency filter leakage extractables compati-bility mental stress test
mechanisms
flow rate 0 O ©
pressure drop ®) @)
removal efficiency O ©
pore size O O
leakage © ©
weight O O
microbe 0

*Classification for reliability

(@)
Fig. 11. Testing system for liquid cartridge filter (operated by KITECH, Korea); (a) Filter performance test stand (FT1}, (b)
Thermal stress resistance tester (ePore), (¢) Hydraulic stress resistance tester (ePore).

: © very important, O important, <> normal

(b)
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Table 5. Test Items and Requirements of Nonsterilized Liquid Microfilter Cartridge

Evaluation object

Test items Cartridge filter Standard value Specimens required
Nonwoven Flat sheet
Shape, dimension O O actual measurement value 3
Max. pore size - o) actual measurement value 3
Integrity - @) actual measurement value 3
Flow rate O 0 + 5% 5
Removal efficiency o) O over 99.98 % 5
. o flow rate change: below £ 5%
3
Chemical compatibility © © removal efficiency: over 99.98%
Oxidant outflow O @) No detection 3
Dust outflow O O removal efficiency: over 99.98% 3
Fiber (lint) outflow O 0 No detection 3
Water extractables o) O below 45 mg/cartridge 3
Table 6. Reliability Test of Nonsterilized Liquid Microfilter Cartridge
Test items Test standard value Specimens
+ Dimensional change
- length of long axial : within + 0.5%
Thermal stress - outer dia. of end cap : within + 0.05% 3
* Flow rate change : within + 5%
« Efficiency : over 99.98%
Environmental *» Dimensional change
stress test - length of long axial : within = 0.5%
- outer dia. of end cap : within + 0.05%
. » pressure drop change : 3
Hydraulic stress « Tntegrity test
- bubble point : over actual value before test
- gas diffusion rate : below
- below actual value before test
Removal * Dust arrestance : over 180 g/m2
3
Accelerated test efficiency » Efficiency : over 99.98%
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