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1. M E

Cement Kilnoll 1A 3 wj& % =(Particle Emission ©]3} PMol&txz )& HAY FF2
FABIAA 1Y WS AAFezZ FA3E Aol AAY FHR A nle F8F Q40
o}, olE % 7R AE FZAF)7] Y= Cement KilndlA 2] A& 5= Pulse-Jet Bag filter
H| %3 Air Pollution Control System& HHe zAow AL #fofd Hart Ut} Filter
Mediat Bag Filteroll oA vj§- F83 84017 dio o]& AAFT JAAE ZHEF F9
7 8 7EHH B Ut AFol 2NEHL dE AAo Y, ol H& AFY AFHE ARAZR
stdg Ade F£& HWE + UA Y AT FFEAHA e HFH AFES AAs=H A
o T oVIste AX FA9 Aol HUo FAETE Bag filter mediat ¥ g &4
= FASAEN HF FL E&F 8 Air Flows ATTL B8 AN A 58 A5
wA8te Aol g F23t. o{m 3 Filter mediaZ} ©]2dt & 7Z ol EsteAo st AR
E AFEAA AT AMEAIE olE 839 LulE #BdES ¥ £ JAF dr] Astd Hw
37 % (the United States Environmental Protection Agency)= &77|%&9 Hr7t Zz2 ¥

(Environmental Technology Verification Programme : US EPA ETV programme)®] ZEX&
"t 35t Yt

2. Background

A A94dzE Cementdtdel 31914 Cement Kilne 2 HEl 9 2 u|E EAE #3798
7] AR ZI(ESP)E A3l Pulse Jet Bag Filter® A X3t} sl F23 Fado] o &
X & s i dF% HgAHez A3 olgd HIFL HASHUY ojH T 7
2 YA F Pulse Jet Bag Filtere] A3 7]1& 3 Filter Media®] A 5340l A E o] FAHAIAH
o] HAWtAQl Asdgdd A 719 A =AYk old MAe 3 R E| Expanded Polytetra
fluoroethylene (ePTFE)o] 2§ FH A3 7]go] @1 2™ Membrane filter bage AM-&3}
B A¥E AR Frhetn Aok o)A B B, WEEN] FFEY ol 25m(PM25)
ol3te] HAER WMEFE TG #EFZ st =3k US EPA ETV programmeE £7
Hoz AES7] o]z Filtrationd] Aol & F71x] 3 &<2 Conventional Filterol] ¢§ 434
A (Depth Filtration)® Membrane filterd] ]38 ¥ o 3}u3k24 (Surface filtration)ol] thaiA &
ol Hx & 3%t}
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ETV =213 Filter mediad] ul& A¢g 2

3. &0 A (Depth Filtration)

A 49 48 29 Dust CakeE o83 Aolth F, 19AIZ [Figurel]dlA Be wte}l 2o
X FAX EAY @39 H4=E 13 Dust Cake?t JEH ©]€ Filter MediaZt &% el 1] 3
Bttt 8834 Filtration”]'s& =9 &t} 294E 13} Dust Cakedl 34 =+ 23 Dust Cakeolth 1
2} Dust Cake® 2J(PM)E X 7143t 239 g e dAFEL2 FA8ked 7198 2
ADust Cake: Filter media¥ @7 Feke] qAEAe] F7HAYZINE W18 FHede J2dx
2 FAN717] sk} 23} Dust Cake® F71H 02 AAFolok g 2ZA% A1} 23} Dust Cakee]
22 1% Dust CakeZ < Walaln £2 wigs sl 37471 847 tgo] A 2| Fiber
U Yame] ¢8te @@tk ol 12422 Fiberzte] vhRs} Dustoll 9§ Fibere] vt & 43hA)7th.

Fig 2. Cross-section of GORE™ membrane Fig 3. 500xSEM of new generation GORE™
laminated to woven fibreglass fabric ePTFE membrane
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4. ™o utAl(Surface Filtration)

1975 3W.L Gore & AssociatesInct GORE-TEX W E#¢1-& Filter bagol A&3te MAHAZE &
Hog 7 ukA g 4718k . Membrane Filtration® Bag filter Al&dolA Q7= & 71 A1, 24,3883
FoFA REA=E HAA=" Filter media®l EHo| ePTFE Membrane °©lzt3 3= gF2 22
[Figure2]®} Zo] ¥2(Laminating)ste 71€8 &83% Ao|tl o] Membrane2 A (Fibri)el ¢
ol 3 vMI|FFZRZ o]F oA oy [Figure3]& 2ol 1x Dust CakeF e EFR10lE L& &9
A 5E FRE U= F2E °|F 3 Yo

ePTFE MembraneX A= 35tz oz BE@Adoln 260-285TC9 2T oA Al§o] 7hesti Eg
o9 v AZ2E 7R Q9. MembraneXHoll L E Dusts Filter EHIA A FAHA &
AAl A EE Duste AAHY. o] Surface filtration® 1 && Membranes ©]E Filter7} Xt} ¢
22 Filter 433 HA49 FiltrationE &2 Bt} £ o3& &(ar to cloths ratio)o| Al SHHAE 3
83k}, Surface filtration®] ©]3 FHold A%, F2ld& Filter bag YA Filter media®l +&, A4t
F3, Bag filter cleaningAl 22} & 3 3}o]2]o] Membrane filter= Conventional filter media2 %= T
A T8E AFg

5. Filter Media2l MEi3} ETV =213

H|Z Cement KilnolA Acryl felttt P-8471@ 2] Conventional filter& AF&$t Pulse jet bag filterE
AHEEE A9 AT b2l Cement Kiln Pulse jet bag filter=Fiberglass®l Membraneo] 2§
g AAe AHgstE Aol Yuty FAolth. Cement Kiln bag filterol A Filter mediazk#] o1€je] Erk
€ F8% 8471 ok A LFilter bage YA AZ7|E, Filter media 3578 AEAY I 7
8, +9%5Y S°lth. Media A LFE HA8sl7] Y43l US EPAT 583 4554 E d¢
317] 918 Test T2 WL /el git} o] T2 L Bag filter?) Filtration#Eo] tld Environmental
Technology Verification Programme(ETV)o]t}.

6. ETV ==

CETVZEZOYL 37 3d FAREAA 8743 #d% A2 AFoly 7ied &g AT Be A
% Datag AFsled 25 Qv olZ2ahL AP W& F3to Filter media®] 2%
A% Data® AFstn gt o] Test TEZEZ L Filter mediaZ FAet A 2=, HF AH&AL TestE A
g3le AF4 BAA @ ETVER Y AFzo] ¥3¥ Bag filter product technical panelol 2|3} 7}
AL FAHAJS 19953 FEH 20003 =712 53] Pilot period717HE<t 12789] Pilot areadll
ETV Zzaae a4 &2 Ag0) A=) o)F 6702 Verification partnerol] €}3l ETV center
7t SHEHUA AF T AEF B3 dFE UM A 84S ¥ BAE A% Y
Aol HHE 7led AAELE HAF5dn AT

1) ETCe =3

- ETV centerW 9| Air Pollution Control Technology Verification Center(APCTVC) A3
- APCTVC® % Partner2 RTINorth Carolina®l] £%& F1 e vlgE] 771871 AAH 3=
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RTI

INTERNATIONAL

- APCTVCAM = PM, VOC, NOx 2 3] ti7]2dEdd &% control 7€ &% A+
2) ETve =5

AQHoz A SEH 71E9 A5 e AHNL F 9 AEAE HAF 1 Ve e
wa) £884 52 x4y

- 3) ETV == 29| Benefit

- BT NHYUE AF HolHE FulxdA TF

- FARAH7IE0) £4Y 5 YEE £3

- AAH RA P4 da

- ABHoln EFHE AYPES Foko] AFNN FAAERY vhRL Ha3)
- BRAE 4YsE A9

4) ETV d3 & =7

- 1995\ °o]F 2 ETVE 300707t dv 873713 80747 ol 4e] AldwyE 49
- 2001a 71E 7370 dAVE AAre] AFZTEA o]

o
|1
=
>
oot
un

/. Bag Filter Filtration material®l Aj&gtHof] 2

)2 A

VDI Method 3926, Part2¢] "Testing for filter media for cleanable filters under operational
conditions (Z& X738t A 9 cleanable filter®& HE LG AFAE) o mE PMas HlAlEX A
Ao g FAAYE APAAE BE,

VDI. (Verein Deutscher Ingenieure) : v]=r9] ASTM¥ 5% A9 734G,
2) Al 2 =H|

- AAAEST FAYZ AAE 99 AEU6 x 91 cm)E AE
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Table 1. Technologies tested to data using programme

Supplier

Type

Product description

T e

Verification date

Air Purator Corporation

Membrane

PTFE film applied to a 22 opsy glass felt

September 2000

Albany international
Corporation

Conventional

16 opsy polyethylene terephthalate

September 2000

BASF Corporation

Conventional

14 opsy Basofil

September 2000

BHA Group inc.

Membrane

Woven-glass-base fabric with an
expanded microporous PTFE membrane,
thermally laminated to the filtration/dust
cake surface

September 2000

BHA Group Inc

Membrane

Polyester needlefelt substrate with an
expanded, microporous PTFE membrane,
thermally laminated to the filtration/
dust-cake surface

September 2001

BWF America Inc.

Conventional

18 - 20 opsy (0.61 - 0.68 kg/m?)
micro-pore size, high efficiency,
scrim-supported felt, singed cake side

September 2000

BWF America inc.

Conventional

18 ~ 20 opsy {0.61 - 0.68 kg/m?)
micro-pore size, high efficiency,
scrim-supported felt, singed cake side

July 2002

inspec Fibres

Conventional

16 opsy 100% scrim supported P84
needlefelt

September 2000

Menardi-Criswell

Conventional

16 opsy singed microdenier polyester felt

September 2000

Polymer Group Inc.

Conventional

Non-scim-supported, 10 opsy, 100%
polyester, non-woven fabric

September 2001

Standard Filter Corp.

Conventional

Stratified microdenier polyester
non-woven filter media for use in fine
particulate capture

September 2000

1 Tertratec PTFE Technologies

Membrane

16 opsy pelyester neediefelt with Tetratex®
expanded polytetrafluoroethylene (PTFE)
membrane

September 2001

Tetratec PTFE Technologies

Membrane

16 opsy polyester scrim-supported
needlefelt with a Tetratex® expanded
PTFE membrane

September 2000

W.L. Gore & Associates Inc

Membrane

GORE-TEX® ePTFE membrane/polyester
feit laminate

September 2000

W.L. Gore & Associates Inc.

Membrane

GORE-TEX® ePTFE membrane/polyester
felt laminate

September 2001

W.L. Gore & Associates Inc.

Membrane

GORE-TEX® membrane/fibregalss fabric
laminate with a weight of 22 opsy

(746 gpsm) - Pristyne® expanded PTFE
membrane on woven PTFE coated fibreglass
(746 g/my 22 oz2ty) - product code 6250

August 2006

- A@71Bo] Yo 379 AgE A
- A7 150mmA g4 ANEE F8(QA 9 opening BHL F7Z 140mm)

3) ZIZEAE ] 28 F4|
- Pural NF 43lgdFojgE3
- HY FFAZFAZEL 1.5um

- 25 ime] FZFEFE7} 40~90%.
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ETV Z2 133} Filter media®) &vt& 49 6

Table 2]
Parameters Unit
Qutlet particle concentration, PMss g/dscm
QOutlet particle concentration, total mass g/dscm
Average residual pressure drop during Performance test period cm w.g.
Initial residual pressure drop during Performance test period cm w.g.
Residual pressure drop increase during Performance test period cm w.g.
Average filtration cycle time during Performance test period Seconds
Number of filtration cycles during Performance test period
Mass gain of sample filter after test completion ?eer\rvniiﬁ;s fittzrtédafntfrvl&pglg;g cake

4) Al Mule] TA

FEMA (Filtration Efficiency Media Analyzer)& A& 3%t}

DUST FEED FROM EXTERNAL HOPPER

DUST CHARGE NEUTRALIZER

RECTANGULAR CHANNEL
4 3/8" x 11 /27

PHOTOMETER
FILTER FIXTURE AND TEST FILTER

CYLINDRICAL EXTRACTION TUBE
CLEAN GAS SAMPLE PORT

RAVW GAS SAMPLE PORT

CLEANING SYSTEM

ABSOLUTE FILTER AND
ANDERSEN IMPACTOR

MASS FLOW

CONTROLLER
BACK-UP
ADJIUSTABLE FILTER

VALVES

7

CLEAN AIR PUMP-——

CALIBRATED
ORIFICE
BLOW TUBE

DIRTY AIR
FILTER

>

MASS FLOW

L } DUST

/ CONTAINER
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5) Test Conditions

Test Parameter Value

Dust concentration 184 + 3.6 g/dscm
Filtration velocity (G/C) 120 + 6 m/h
Pressure loss before cleaning 1,000 = 12 Pa
Tank pressure 0.5 £ 0.03 MPa
Valve opening time | 50 £ 5 ms
Air temperature 25 2C
Relative humidity 50 = 10%
Total raw gas stream flow rate 58 + 0.3 m°/h
_.-Sample gas steam flow rate 1.13 + 0.06 m’/h
Number of filtration cycles
> During conditioning period 10,000 cycles
> During recovery period 30 cycles
Performance test duration 6h+tls

6) Ald HX

- VDI39269] OE]J—}ZH’“-‘;/\]@”“%J—]- ETVe PM25&E &SR WY A&
(VDI3926 (ASTM %)< 19851 =49 Karlsruhet 3ol A AlZtEo] 1994d9] HF <&
TTA°ITH)

- Table 39 394 ANES d5o2 A3
- Table 4 F 55 AT A& A
- 3 testmith 3709 AlEo is) AlE
[Table 3]
Test R Condition | Remarks

o . 10,000 rapid-pulse cleaning = Simglation for long—t.erm use under
Conditioning period continuous dust loading
cycles - pulsing at every 3 sec.

- 43% 2FE #A.

30 normal-pulse cleaning

Recovery period - - AP 7} 100 mmH09] =2& u}j7}X]
cycles dust cakeE A AIZF pulsing
: : : - dAZ BRAFE FX
6 hr filter fabric test period | =~ & o= T _
Performance test period| = | P - AP 7} 100 mmH0°] =€ o 71X
with impactor dust cakeE FA A F pulsing

AF#EE (HA4]) = 2 £ 0.1 m/min
Inlet dust % = 184 = 3.6 g/dscm
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A

7) Algd&3zle] b

- 939 ANYAAE 347 $&
- EPASUS & Ae

8. ZI Filter mediagl A& Z 2} "l

AAEE sopt Frt.

1) 212 Bag
Table 4]
. At verification test conditions
Verification parameter Unit
Gore A B(P84)
Outlet particle concentration at
standard conditions /d
PM2.5 &/ASEM 1 <0.000002 | 0.000002 0.00038
Total mass <0.000002 0.000002 0.00042
Average residual pressure drop | cm W.G 2.45 6.2 11.76
Initial residual pressure drop cm W.G 2.36
Residual pressure drop increase cm W.G 0.18 0.56 5.1
Filtration cycle time Sec 251 57 6
Mass gain of test sample filter g 0.09 0.1 1.47
Number of cleaning cycles 3 87 377 3571
2) H2 Bag
At verification test conditions
Verification parameter | unit -
Gore A B
Qutlet particle concentration at
standard conditions /d
PM2.5 SO 00000047 | 0.0000051 0.00005
Total mass 0.0000115 0.0000232 0.00012
Average residual pressure drop cm W.G 5.83 7.38 8.46
Initial residual pressure drop cm W.G 5.60 6.93
Residual pressure drop increase cm W.G 0.41 0.79 1.16
Filtration cycle time Sec 79 35 15
Mass gain of test sample filter g 0.41 0.06 0.16
Number of cleaning cycles 34 279 616 1493




3) Filter media2l PM2.5 Emissiont]| it

PM 2.5 Emissions (g/dacm)

0.0001500
0.0001000

0.0000500 -

4) 2} Filter media2l Residual p

Average Residual Pressure Drop (cm w.g.)

&

W Normalized
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- 5) 2} Media®l Cleaning cycle®l 34 d|m

B Normalized

Numbar of cleaning cycies {(or pulses)

- PM 25 Emission®< 25mo]5te] £3 wj&ZL =A3t9 Filter media® Filtration& & &
3t ARE AFIHr.

- Average Residual Pressure DropHl X Media®l 438&4 AE % 2 Air flowE Handling
& ¢ vy RE FGE3= A Eolh

- Cleaning Cycle3 2] 8]+ Filter media® 3% #(Cleanability)@ Bag lifeE 7l&3te 3

Tolot

o

- o] AdA 2= Filter Al THA 2 Bag A5 %A #dstdof & AR
gtl BERE FAH Q= ETV T2 adA A2dE A% A Data’t
3 o|HM T A A UFilter mediag& AT & Ye AF=2 TLIT U7
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