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Abstract

A thermophilic cyanobacterium named Thermosynechococcus CL-1 (TCL-1)
was cultivated in flat plate photobioreactors (FPPBR) with dense culture to examine
effects of light source and illumination intensity on biomass production, CO: fixation,
and phycocyanin (PC) production. It showed that biomass production, CO2 fixation,
and PC production could be resulted in great productivity with FPPBR. The greatest
biomass productivity and CO: fixation rate were 0.82 gL' 12h"! and 1.29 g L' with
white LED illumination within 12 hours, respectively. Even so, it showed no benefit
to biomass production and CO: fixation with red light LED. The content of PC was
about 2% in TCL-1 with white or red light LED illumination. When light dark cycle
was applied, the biomass of TCL-1was reduced about 0.1 to 0.2 g L™! and the content
of PC was reduced about 2.6% during the same dark period of 12 hours. The
maximum content of PC for TCL-1 is 5.3% with 1,000 uE m™s! white LED
illumination. The appropriate harvest time determines the harvested content of PC of
TCL-1 and the time before darkness was best time to harvest TCL-1 for the PC of
TCL-1 is very valuable.

Keyword: Flat plate photobioreactor; Cyanobacteria; CO: fixation; Phycocyanin;
Light/dark cycle
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Abstract

A four-stroke motorcycle with fuel-injection engine were selected as target to
investigate the catalyst converter efficiency of criteria air pollutants (CO, THC, and
NO) and organic air toxics (benzene, toluene, ethylbenzene, xylene, formaldehyde,
and acetaldehyde) in this study. Two types of tailpipe were installed in the test
motorcycles, respectively, including new catalyst and no-catalyst. Total three test
fuels, i.e., two ethanol-gasoline blends which contain 3% (E3) and 15 % (v/v) (E15)
ethanol in gasoline and a commercial gasoline (G95), were used. The motorcycles
were tested on an idling mode and analyzed by exhaust analyzer. The result shows
that the CO, THC, and NO concentrations are lower than those of commercial fuel
while using E15 as fuel in both ethanol blends and commercial gasoline. The lowest
concentration of criteria air pollutants was observed in the motorcycle with new
catalyst tailpipe and fueling by E15. The control efficiency is achieved by 93% (CO),
73% (THC) and 48% (NO) as compared to those of no-catalysts tailpipe and using
E15 as fuel. The result also indicated that concentrations of selected organic air toxics
of test motorcycle are lower than those of no-catalyst while installed with new
catalyst tailpipe. The effects of ethanol gasoline blends on selected organic air toxics
are different. Using E15 may decrease concentrations of toluene, ethylbenzene,
xylene, and formaldehyde, but increasing acetaldehyde dramatically. The high control
efficiency for toluene, ethylbenzene, xylene, and formaldehyde is observed in using
E15 as fuel, the control efficiency is 88%, 83%, 83%, and 57%, respectively.

Keywords: Four-stroke fuel-injected motorcycle, ethanol-gasoline blends,

commercial unleaded gasoline, air pollutants.
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http://www.epa.gov/otag/toxics.htm.
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PM CEMS Ji# ** B 2= F R = 5 @3 g 41
PM CEMS Applied on the Control and Management of

Particulate Matters Emitted from Stationary Sources
FES
Tsung-Wen Chien
TR R )
Sustainable Environment Research Laboratories, National Cheng Kung University
&

TERFAFRYHFEHARMEREDREH prE AR R L8772 RhT

ik E Ao g P AR R R E F TS ARy W AL IR A

SEAR e 5T H AR A G R RO SIS R b ek R R R

ek

FEEERERoRRIZ ZFEEEFERA NG T {og = - PMCEMS £+
Foi AR AT EEBHR Y - 1R ok M B PM A p 8 Tl 4 s
RIZAr % B PM CEMS {4ic R4 » 3325 2 BN % (7 PM CEMS et jis ~ Fojiefe
FLR T (T o
MaEZF C Ry TR ~ Rigs -~ LB BAERR - BT T
Abstract

The health effect caused by PM2.5 is a significant problem to all of us. To know
the amount of PM emitted from the stack or flue of stationary sources, the
competency authority require the owner or operator to measure the PM emissions by

PM CEMS or manual refence methods. In this paper, the type, principle, performance

specification and feasibility of PM CEMS will be introduced.

Keywords: CEMS, Light Scattering, Beta Attenuation, Probe Electrification

PRz 3 2 8 AFREF KT 2P T R > Email
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TE KRR LR AHF S
hfy BT N h kB R R 7

#42015& 2% 28 p ordften TE T
£ 50 o d PMas ¥ kehf g BB G5

FUPETR (R % 20 104 & 40 28 P 4 (5 a7 45 PMas & 4155 4 R E B B A
I ¥ e PM2s/SO2/NOx £ 3§ 4 8] ik 8 23§ 0 23%/88%/41% - E,{%.l ES
PMas#c & Wik 23% > 2 2 0% 5 %P % 5395 Bipw ez
A ¥ FRe L0 FREHE AT R AENARG D BT i rp g R
AR R o “$ TR REG R E 2 b PR S R
WB D ZEHEERPIS NG

RO R EERTERS DL ST RIRG R T E R R L Wy
FrETFTLREF LR # P %% (Continuous Emission Monitoring
System, CEMS) (¥ % $75 L 2w freh1 E[2] o H ¢ 44k kb a2, o
BETR e 0 LR EHET A F kK T PR 5 (Continuous Opacity Monitoring
System, COMS)fri ik 4= & JE B g p & % Jpl3k %% (Particulate Matter CEMS,

PM CEMS)- 8 B2 24 P+ &4 /¥t PM CEMS & 2 il 7 & & B iicde
(Condensable Particulate Matter, CPM) A P B TR B i it 1 PMas
CEMS » F% + {52 o s & & BTk R F #8877 & 83 B PMas CEMS 14t R4

drt g o R H L PMCEMS i@ % > ik i g M IrA TS A RApM 4 R
B f% F 25 4R PM #3025 40i3 4k - 413K & 4% (TR g o

ko i PM B BRI E BT RIL oA g R RN A K
4o %5 PM CEMS hi fa+ 7 3215 o

~ PM CEMS &% i&

- A T FRA R R F MARE A E R RGP 7 T ye A 2
FARE TR RS RRERE R PP FIOE T TR SRR A
ek R R ARE AT B AP AR A HA B MEES LR G WY D
RARA R PER LT P AR R PRI R R FRE F A 7
AL RTETRIP D(febApBE 4 & R SFHTp LG HFE B L
FArtp MR A X XY ESAhT £ ERREF omp ¥ ¥FAUT R RFH
R }ZIL‘%L”@"‘JL‘/\ Kt g L Z fEE B o

el 1T FRBEEFRFALS LA RE GRS AP AFE RS
PM CEMS ~ PM CPMS 4= BLD = #6.* #[3] :

(1) PM CEMS (Particulate Matter Continuous Emission Monitoring System) -
FREmETE ;ﬁ ME TRk R A F P AR o - R f2
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2)

3)

Mo RpE o Bt B3R E R (5 F AP & 40CFR60 e F 2t 40
11 (Performance Specification 11> f§ # PS11)» fid B4~ 3K FfF B FE (8 -
"EiS P ¥ &R E BB & 40CFR60 fiték F 4 2% 2 (Procedure 2) ;

PM CPMS (Particulate Matter Continuous Emission Monitoring System) :
TERFER R LE %3 2 PMCEMS 78 &% -PM CPMS 4 & % &
Bk E L P Rk B MO RER B 75% 75 40k 0 41 PM CEMS 1
BHERAFT AP AR S DE - FFFRORLIATRI)E 2 R
ER P& PMCPMS 0 Pl#icdy AR EZRERD LTS B(Tr2 R
F IR R 5 T HIE 75%) 0 2 PM ik B B H € ATBE R
i N

BLD (Bag Leak Detection) : i & Fi& * - 2|#rg R R A E LT
PR M- FaHT RO AR R RE RS M HE Pyl & 1
?i£WWM%&ﬁ%WL$£%$£%ﬁﬁwﬁaﬂﬁfmaa°

PS 11
Emission Monitoring

Quantification

BLD

TR BRA T UL & KBS

Performance
Monitoring

@ >
& A Costs

Bl FREFFPMBFAFERY 2 TEE Red A7 LH

BRI R 04T 4] B ATHR CEMS 1t Aafoirl b 4 1 F 205 %
BB AR AR P BT RS AN S 2R

(1

E%&»I(Class 1)7}1"_;1“(/’? -,444’;’ /? $q+ j\ /?'J/"i 4‘/)%15}"':%’:]3"1 ’ ;E'—'E' PJ
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)

Fdp ol mgm® HH o Bl ks —’Uff'ﬁ %R 1 & EN
15267-3 4= EN 14181 &= B fhit R4 ek K o {1‘] ;\ #WFE(QALL)
fep ¥ T s FRFE(QAL3) - &R 1 guze 2%z £ (Industrial
Emission Directive> i§ £ IED) % = % v % = F 0+ 4| % E75 2 kR {c4
iR TE AR RERY Bl kT AP T RIE SR ] gk
FAFEREBL T L s G 0F LIRS 4 1 413K 5 (Pollution
Prevention and Control (PPC) installations) ;

2.2(Class2): 25 2k 5 A5 E R B 7 P2 R R
%(ﬂlter dust monitors * ¥ — i 5 Automated Dust Arrestment-Plant

HEREIs £ mgm® SHE o Ba 2k ER T
PIESFEd LM A2 AR Al 8 PR RE K
E= *’iﬁ'—ﬁ(emission limit value) 50%:1 PPC % %5 o % % 2 thuf k75 4

Monitors) °

rayE

% 3(Class3): E &3 iz AT
7?J:TL ’gf{»;_g K%Li% li'—
R.E oE %3 '—’”‘}__;P'#”/k}i

3)

(Fllter leakage monltors)’

*1} ,,ﬁE’

1 mg/m’

Bl S 4P 2 HK

SRRV

EATF & i g 5 EN 15859 v EN 14181

TR REBELRE
FAF" % (indication) *
CRIEA R RE

% (dust-arrestment plant)s77x 5 3 1t 11 % | 43K &

4§ cH¥ 57 (alarm in the event of failure)

FIot o v g E R R R AR A
BLiL i ¥ ohed | ATA) o

/F T‘/{ X5 * 1'!? e EUAD L);\F" ‘f\.";"ﬁ‘

21 FRrE REFEF LR RE LSRG T R b LR
FRRET | F RS - -
USEPA UK EA
PR BT PM kR AT | TR AR
BARREZ R E R M R 0 4o PS 11 4e
PMCEMS | Class1 | | 00 CHREE T RFHE L R - e 1
TR EFTAE E A Procedure 2~EN 14181 % EN
15267-3
* AT PM Bk BRI | AR PR TR 0 TR
PM CPMS Class2 [ ¥ 3R 2 5 LR (M3 | B &2 B RPERTE > 40
BT 50% 28 75%) EN 15859
?ﬂPMw%ﬂ%4“h P ERHELE R B AR
BLD Class 3 s o g oy .
SN EAERLTEA | HKAAPFERRS AR T
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= ~PM CEMS g fr i 32
AT PR RBFPFERFLT LA G ERRAF LI PIRER
WA EFT AL 44 ¢ 357 F kS (opacity) ~ R4 R T2 (light scattering) ~ PR
% i (beta attenuation)fr#* T B ¥ 72 (probe electrification) % o 12 #-4 bl¥ it &
FBPM S p o g R RIT:

() 7 ERFRFp T RKS

PRt 2B RFTREpPRYEE @ﬁﬁ?éﬁ##mwﬁﬁg iR
Sk A R A ATl o AF TCEMS § pkE | iE- 3 SR F LA
FAEE5Y EREFF 40CFRO0 ek F i g — 9737 % o

BRAAPFEEFTRAED > B P &L HERATREEET L X
(& £ 400~700 nm):& {7 PRI 2]E o 4o @] 2 #7or 0 H BRI & 4345 Beers-Lamber
T SR R i B d SRy i FE R EARR G RSl
BB fs kg B2 L B o 3%k F o 47 R E PR E R A (smoke density) T i
A ELT R F s w11 iF Sk (transmission) ~ 7 i 5k ¥ (opacity) ~ Rt & H
(Ringelmann units) ~ 3 % /& (optical density » " & & (extinction)) % /&% =k 4= B &

7k B (mass concentration » 12 mg/Nm® 3 ¥ =) - [5]

B2 #&%FERRKET L B[S

BRI BRIk R | B SRR R oV T F i £ F (transmittance)
T H B et (1) :

T-1

I 0
Bk F ¥ o uld NQ)fr3)i ik 5+ & sk & (opacity, Op)frs % A (optical density,
D) :
Op=1-T

1
D=1 —
Og(T)

hrdk R A% KI5 kE (F PMCEMS » H 4 54k Rl e & 4ok R 3T
= b S (near infrared)£ k> @ F F_ @i & KR(F LK) o FlE 0N E g B
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s )

% 3] (acrosol type) @ & » H 'k & -F £ k & B 5 | (extinction-to-mass
concentration) i ¥ 5 sk 3¥ # [l (visible light spectrum) b & _fofe e i < -] 5 B
f fifin AR RPN PSR R R AP T § AR BRI AT
KRR B 4edkt % % LED (green LED) P PFE B 7 35 £ 5 {- PM k& o

IR AR FERRN S AR 2et

Lo LB s FRAEE) S A5k ~ 375 F (refractive index){r 7 -k ¢ %" °
agﬂw?ﬂgﬁ¥h4@é*m“fﬁW7FmPW@%’W&%“”Zﬁ*
F AT RE AR AP T RER LR @ EHE B e
MenE oo —dpm % o A BRI LI ROFART F LG PRI PM kB ]
g

BN G304 & 7 E F E &k COMS E Rlficed = ok %"Tﬂ;‘%&f 10 B
Bo3dBEF o 2P LA#RP S FBRREFLEEEZFL[6] 2 d %R
éﬁ%%%?ﬁ%fﬁ%ﬁé3ﬂﬂ¢ﬁ?%@i&Hﬁ?é&&#ﬁﬂﬁﬁﬂvﬁ%%@
%ﬁ%%ﬁ%*ﬁkﬁﬁviﬁéiﬁ#ﬁ%%ﬁﬁkﬁﬁﬁ#ﬁ%%%é%$
B M G2 N BT

SFFTRBEEFARPEEFE R T A AR PRSP L 2R R
a2 RFFET- PAPERERIHRE TRt 5 RypE 2 B RS -
SEIARRASFIPFEREAZLF MG X PUTRRT 3R f0E
P~£ﬁ§%?&ﬂ@iiﬁ%ﬁ%&»@dﬁ%&%*%%a%ﬁﬁﬁﬂFﬁ
EMFAE > FEFRFPILETE 2R S

ﬂ"ﬁ-‘_)‘f« Bk P R B B B2 3% ok e B R ,a,};ﬂi*—g,?u;}g&—%i%iﬁii
FAAP Rk RRR S L B E R T B MRS 4 PR R R T
RS REASTRSE BB F L Sl PR AT e

R P T ERRZBERR S G RGE G RS RS

1% ™

TAL01.74C-# 3 3 P kR G A5 R 2 HIER 2P % %/ZJ’vi“wié
R pAL £ L2 FRRPFRF 255 W S8 5 BR @*#a%i@

’

PEENERERE TR R P TLRR B AN ST FER S
7 kg ":w’fé B2 BRI EERREFFERERKR T 2ZAPMAIRERR S 2
FRATEEEIg c IR EA BT BP vy A2 RIS T2 %ﬁ:?'] :
& %+ p AT Measuring method for particle-size distribution of dusts in flue gas J(J IS
K0302):& 7 #& iRl) -

- \
—:3_*- -Lhtu \:.A @ I
-‘éz\

—_
44

cATA T1990)F SHA T RE BETRE - 2 25l TP
o FHB LR A Bk F e kb B R B b ko BT RERIT N 2 F R
FEopktERIER 2 Bdp 0 SFEIRPN AR ILSE 2 gt 22 2 K2 el
BE e Ao fI* Pl > VU ERFEERIFREF NP ER - A HF
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THEER G TRRPRAL S BORF P PEREF S £ BERDS § U
FHrFLF g i

bo ST A4 27 FIE 28k T RIER RS BT MR & S(wet FGD)

RF 2 FIE B AGE R E R SR o R PR R R R R R
PEFEERATL ARERASFTERAL R E ZIPERFEFRIE 2B LS
BT AR ST 0P AN AR 85 #(1996) ~ & K 86 & (1997)fr % F 93
FQ004) 4 57 TR T B FERT R /e PRI T R - /D LB E
ﬁ%ﬁ%**?ﬂk&wwﬁ7pf°ﬂﬂm PEg %#iﬁ#%?ﬁ%&ﬁ

BhF 2 PG TEBEAARR A RRAEH A S LI PR kg
SERFIR RS g ﬁpL##?ﬂkﬁii“?ﬂ&&#ﬁﬂﬁ’ﬂ#ﬁ
FAERFERFREEF R R R o ¢ TR A BT R R
foo B2 2 B F T E AR M G A et (D) ~(6)#r T

Op =[100 —96.3exp(—0.0188M )£8.16]

Op = [1-exp(-0.00351PM +0.193)|x100 +6.18
Op = [100 - 96.3exp(- 0.0112 PM )+ 7.07]

dNFRER T THZE R - hi o AP EA NP e PPk
SR MBIRRERTEE R EFFERAE S S HEM G - DR 1‘;‘3:&?
FEPF A S kS giiljﬁxé PSR 2y LN SR ) S PN 7o

(ﬁ%%ﬁﬁk%m%'EHE:Q*%%%K?%4oﬁfi’?%aﬁ%%
FREEREAZ S RS B0 B0 R 08— MW SUEFER FERD A Bd R

R Fﬁﬁi:ﬁ%fj’ﬁl‘ Bl fxd &R ALt A ‘f‘r“ﬁ‘ff‘:_\%# if' EROR Y
WEE T RN oo

B I TR DR Y IR BT 2 ks AR o
B BT R T B R EETER T 22 ek TRIERE 20 Bl
A AL BRERRR o BRI 0 SN(O)F T o o] 1 A o d Bl 3 2 g%
BT HiGRekl REE N ERRFFEHERFTEERRE P & T RIR%
MA A PS-11 Rfe T & fo2 15 e e R PN pRRIE R R H g aY ok
KPP FERREZ ARG E? > B2 F { MERfrREBR R E 2 W o
MR AR R T REER LA B G ez 2 F o
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70

60 TR

Op(%)

® HEAE
BER AR
...... ~HOSEISTEER

0 10 20 30 40 50 60 70
E SR (mg/Nm3)

%3 —&3@?‘@1‘ —~%'£u’b¥;$‘% Ff;g'é"ﬂ’ ’551"';’7‘4"6—1 pé‘.F \gFFE'l&[7]

PagE* PM CEMS ik FEEAR ¥ R 7w 362 WG 384 7
Ful b B 2o R R H T EREY Bl 2R vE R P R
B kG GArr B o R yE A T HATRIZ A o B 57 % 14 PM CEMS hfgsgv A
B 3% 8 A R AU G - AR AT A RRERG = E AR B
LAY RS LIRS 3 e BRIk o
(=) *47Ef(light scattering) i 72

Fe A SRR L PRk P Ba A4 F 5 (reflection) fr ¥ 54
(refraction) s 3R % o 4TI AR R A & b Efo R P FEER MR PR P P
(%.’f‘ﬁr c k]l s Ak depEd )3 M8-10]

k4cs RIZ PM CEMS B E R 48 T2 w duigs £ E (¢ £ 5 = /R 405
(back/side scatter)fr it w g4t (forward scatter)) > £ & i ﬁsa] DELR B R g AP
sk B E 5 E G B RATH RIT PMCEMS%}&W%N/FF Cl S S i
% 4P| > /2 (manual gravimetric measurements)# % %2 = M 258 4 & F1 PM
FRER -

P it ek Agsf RIZ PM CEMS J 5% % & 1 o L4cH RIZ 0 dof] 4
tv'l—i—ﬁ— o

oo AL * Eﬁlﬂ%%iféﬁif‘*ﬁ?"#ﬁi%iﬁﬁb o kAT I iR gL
AT H e~ 5k BRI E 7 B ehy 2% 0 e 4k BRI EEOT itk B chAtR R
#hi °

k4754 R ILHPM CEMS ¥ £ w4 = f8 55 7] 1 ()3 P~ 3¢ (extractive type)
(ii):ﬁé 1‘3:» # (probe conﬁguratlon)fr(m)&%‘#? 2z ¥ if (cross duct configuration)

Fo BN ;'é*";:ﬁfd'év'ﬂPM CEMS Xd # ## (sampling nozzle) p £ 3¢ i v
Ptk & 18 i 1 0 e ki S iR B (forward scattering photometer) o i 48 %F 2 <57 PM
CEMS .88+ "Mﬁﬁﬁ%i%ﬁfi?frﬁ G A s Y vk f H PM
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CEMS 7+ 3§ 1 3F -
(Scattered light Backward)

Sender/receiver unit

{Scattered light Probe)

— Measuring probe

Sender/receiver unit

(Scatterad light Forward)

Sender unit
(©)
Bl4 LA T RABH - ()F & AT (DB F L LA (OB FE L v
%A sf[11]

(=) BE+4 % &2 (beta attenuation, B-Gauge)

Bét4 PM CEMS 1 % i ¥ 51 c07 3% (isokinetically) 55 d — -] vf # (nozzle)#% i
R EEREHRED - R (filter tape) » - KPFF A - TR SRy T
BORA (&£ BPIPHAM SRS 03 B A (transmission) § 1+ T T # ok i B R
R o BitA PM CEMS &2 @ RIBe PM FEIER > ik - RE PFRF (do-
] )T 3k B (2 mg/m® 5 H ) e

Bits PM CEMS 1 & F - BE & ~ it » & 2544k R(E ¥ £ Carbon-14)
o 0 3P B o Pt A R BT R S o e HH P BOF % s 65 F a3 #ic B (Geiger
Mueller counter) & % £ = & %8 1§ ;7| % (photodiode detector) °

Bits PM CEMS i 8LE 7 ¢ <X Fld k4~ it § 2 = (chemical composition)-
BAT AP R RILOPE A2 R AR RER ?;}iﬂ%;}i&%&,%‘ Re ok F
TN AL R E e TRk R R ALY AL AR 1R ¢ 8 7 (heated isokinetic
sampling train) °
(z) B¥F 7 J 2 (Triboelectric)

ok EF A LT kg i ¥4 (conductor)PF 0 Triboelectric PM
CEMS (4rRl 5)1 & £45d SRl= 4873 Fohit* L ERIPM FRER - ¢ #0)%
PR P R EME R B EIEROT FE () R R T
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ok E Ao B 4 BT j7 (frictional charge) ~ (iil) % F = # ik #
(charged particles) .17 FHPF > €3 & 'E_ SRR TR o d W fEIER A 4 hg
FEfRRFDER ~ R FE S ol f,%k TER (charge history) o k= b
=% P §_g & 7 J7 (inductive charge) ° Rlfete ke o fo Rl 2. FF chiedt L 2
TRERG M

St b

| Induced Slgn:—ll
 — _.'-

Sensor
Bl5 #H#¢ BE#EHE+ T PMCEMS [12]

¥] % Triboelectric PM CEMS i | B 4 2 f §87nad 254 AT > Flt insf
Aleh PM CEMS :if & & #k%;:q? By R Ak o BEF T REGS PM
CEMS ¥ - BRALLE 5 K5 &5 4ps ¥ T Eof g enhaf o ok
FERAPG £ °

e 4_Triboelectric PM CEMS #+3t Mk & PM & k& 1 Bl4p § 504k > 4p
% i * ARl E 7 ¥ 7 (non-conductive) sk B kR o %*-Lfg&' # PM CEMS -
# » Triboelectric PM CEMS » §_ & JF 4% — BR|E P (5 4 kh)A b& £ H 488
iRl > 2O PM FREEARESFE 2B olgER-F-RERFGF* &A@
AR F W PM ER B (FIF LR~ RPFRE S B s B AR R AR
BoE 2 4p0 o FEITA R endfed ¥ e vt g 125 -
() &% 4 Jk 12 (Electrodynamic)

Yok H i iﬁﬂ]m%ﬁ? Byt 39 PM CEMS - # > 2 % 4 B2 PM
ams¢ﬂ%ﬂﬁ#%WEﬁ@ﬁﬁ»ﬁﬁﬁgmwﬁyﬂwﬁmmm%éi

mﬁ_,/n 1f' ]L ’ Lm f*’?‘?PM ?—E,/%)i °
@ ¥4 R hPM CEMS 01 Bl B 7 B (sensor electronics) € ;'/ﬁ‘f Bk R ¥
FHBrA 2 e T (DC current)Z. f8 > £ 30— S d i S ap BN BRI B

(RMS signal) o M 2B 2 5 dite 4 o cnif 2 & B > rﬂt“ BF 1 EA TS
FRA A RERF MT RERTFERDOTIATE PM T EIEAR AP M L
RIESS%E -

d 32 g fedke gk oo dg & B (3 T triboelectric) 0 F] 4t R 205 4 B (rod
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contamination)fo 3 § Rk GAp MR RE T L & g L [42] 0 64 RIZ PM
CEMS i * fi k¥ T J7 (particle charge) ~ A if % /| foi F & T engtcf 4 > #
AADUMT A PM FRER STt o

LR RIZ2 PMCEMS 2 B8 22 g * 752 34 Bl fdod | 977 o

%1 &# B2 PM CEMS W #]6]

PM Monitor # i% i 12

e F ot kF P - . Sk AP | RREFRRET
" . . ij % Light .
24 Light Optical o B-Gauge | #=F * T Probe
) o Extinction ) )
Scattering | Scintillation (TEOM) | Electrification
RGN £d
pepehp | 0 ‘i
BIE | Hokeenk | Hokak | Hokosk S g R | Mok Ao
T4 % )
S| doE i # R L | Emay | 2R
T i F
fe ® Rk 3 W5t Wk 5% EERA ELRAY S

RE I e I e I e P F 3 Ik

= N

- ey o 3y o

2 R ZAR T § e 4o COMS | R iZ A4 1# § 2 T
2R * NI *

€r | 4 A A ALY

i ¢ ? ? ¢ & A EffE R

Mo

iy % 1P B ® 4p B ® 4p B i< Ap B & B ® Ap B
3 Kif KiE ki F & T
G
B : 1E El ER rﬁ,}‘a
VoA F 3R
GEEE MR | TR A
* AR . RiEEE , ,
B pmp | CRSRE £ 5 g+4 | ESPs ® %
RGNS | 675 4 —
T A FXTET ' EH T | FE T
#leis A ‘ I e ,
4 o (£ 5 CREa
R T2 g
4 3%)
AR B
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= ~ & B PM CEMS s iy R4
L B PM CEMS 417 34 2 HAp B 1200 o o W4eT

() 2RFEFEF:
(A) PM CEMS: 40CFR60, Appendix B, PS-11 (Initial Certification)
(B) PM CEMS: 40CFR60, Appendix F, Procedure 2 (Ongoing QA/QC)
(2) ®g -
(A) EN 14181: Stationary source emissions - Quality assurance of automated
measuring systems (AMS)
(B) EN 15267-3: Air quality. Certification of automated measuring systems.
Part 3. Performance specifications and test procedures for automated
measuring systems for monitoring emissions from stationary sources
(C) EN 13284-2 (Stationary source emissions — Determination of low range
mass concentration of dust — Part 2: Automated measuring systems)
(3) " W% B kd L2 PMCEMS Rg=p 7 E EZRPS1IApke o
BN E R F L R TRRRGF A BT RIS 2T R RS
EEVEF R AP R R FRE - T mE SISO 2 2 MK R
PM CEMS ¥ 12 " R 8if;% | (Correlation Method) e 5% (4- B 6 @] 6 #777 ) > i 6
I £ o 4R 2 2 kiR E2 PM CEMS % en 5higes = B ot o

Fla A A RPFEFLEIR > FI AN E2ZE* NHB T LR FF
H - 5 0RT i I AT S A R E g B ERA TR
SUEREES G o 4 i F A PR R R

50 T

Train "B" RM Concenetration (mg!mﬁ)

0 5 10 15 20 25 30 35 40 45 50
Train "A" RM Concenetration (mglm3)

| * RM Data = Linear = Upper T.I. = Lower T.| ‘

B 6 % B 40CFR60 "4+ B PS11 PM CEMS 48 M & 47 2 B [13]
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12$0RM data, mg.m™
y =0.9948x -0.2524 .

R%=0.9963 .
100

80 -
60 -
40 ~ *

20

0 T T T T T 1

0 20 40 60 3 80 100 120
CEM data, mg.m

Bl 7 % E PMCEMSApk & 57 3 B [14]

fed # CEMS - # > PM CEMS =~ & L 4 XA RF (» )I%n\
Performance Specification 11 - Specifications and Test Procedures for Particulate
Matter Continuous Emission Monitoring Systems at Stationary Sources)Z. & 4 # #&
SR BMRT o Bt oS RS B R & 40CFR60 'ér F 425 2
(Procedure 2, Appendix F to 40 CFR Part 60):4L 4 » B #icip 4 § AR 5 5 7

PS-11 = B4 & chphis @ 35 0
(1) the 7-day drift test > 12 %
(2) #p B 147p]3E(the correlation testing)

7-day drift test £_%75 A ¥ e FOERT > B E T X F IR 24 ) pFA iR
{7 upscale drift (UD)fr zero drift (ZD) & %2 — =¢ ° 4o% & i i§ 7-day drift R4 >
BT 2P hiz- X UD e ZD hify#5 & & 155 % ¥8 7 i 4218 upscale reference
standard (RU) 2% -

@ AP B HRR ) B RIS 4R e sk PM CEMS 3 sLdicdy chl p o> 10 £ #54%
B> 23 P FISEOREELS T L ISERFES P EE R T a2k R
P TEL 0z R R F o 4P B R4 17 0] 2% PM CEMS i S licdp ok
B s B2 2 - BF RS o PS-11 4y Wb 2w S o 1Rk 2R
FHPM kR K 5 yi @ > @ PM CEMS 3L 80 5 xi @& o

Upscale drift (UD){v Zero drift (ZD)4 %] 12 PS-11 e(7)f=(8)3 &
Reew — R
ubD = M %100 (7)
RU
Reew — R
ZD = |CE“&—"| x100 (8)

U
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¢

Rcem = PM CEMS response to the respective reference standards
Ru = The pre-established numerical value of the upscale reference standard

RL = The pre-established numerical value of the zero reference standard

® 7 7 & PS-11 ch3f= - PM CEMS :HR 5 5% (correlation) & 7 7 & ™ 71 st
Hge

(1) 4p & 7% #ic(correlation coefficient)¢ > 0.85 ;

(2) PM CEMS - 32ip] i@ ch2 & [f] 73 4 % [ (confidence interval (95%) half range)
& JF T e PM 23R 8 <10% 04 1

(3) PM CEMS &% 52| & eh 2§ [f] % 3 % [ (tolerance interval half range)< 7f 7
95%¢:nt; o (confidence) i3 75% | B 2% & PM £ 3 &2 & 25% 2 o

PS-11 4p B H40 S fpdhod 2 9551 o

% 2 PMCEMS 2. PS-11 4p B 1240 L4

Test 145t # | Performance Criteria

4p # 7% c(Correlation Coefficient) >().85 *

% #f % " (Confidence Interval Half Range) EEA R 110%

% % % f (Tolerance Interval Half Range) PR 1:25%

Upscale Drift < 2% of upscale reference value
Zero Drift < 2% of upscale reference value
J& ¥ PF R’ (Response Time) <15~ 4

PM CEMS %3l #830% (5 inlicdp & &8 & JF 1+ & 40CFR60 4% F 425 2
3. §5“Quality Assurance Requirements for Particulate Matter Continuous Emission
Monitoring Systems At Stationary Sources.” » 2 & iR #cdp 1 € #ARL 5 F vk o H #icdp
SRR RAEIE R @3

(1) Daily zero drift check (ZD)
(2) Daily upscale drift checks (UD)
(3) Response Correlation Audit (RCA)

(4) Relative Response Audit (RRA)
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(5) Absolute Correlation Audit (ACA)
(6) Sample Volume Audit (SVA)

RCA S FHEF ik L 4pM 2 £ 2 2@ B o RCA e84 (72 ;82 PS 11 & = B B
Fien? a3 LB A PSR e = BV JRiE 7R 0 15 ot iy o
@ Procedure 2 ¥ 7 3 - 12 ‘et Hiledp ¥ o £ i i RCA SRS R AT
[ EN
(1) f 23012 2fkdh? » 2 PM CEMS U551 3 7 12t PS-11 R 45 B 55 50 ¢

gk ERE A
(2) w212 ZfFpY 2084 9 eddh 0 2 PM CEMS e siia & % &

PS-11 Jn 4 BE B 50 ¢ chdicdp o R 5
(3) H 212 wHEY 1R F 75%#cdh 0 PM CEMS frik 8 # 5% = 2 il

&R E l——ﬁﬁﬂ‘ B % Bl endE T T 2 ‘#’@F\ o A7) &_ﬁﬁf??ﬁg Bl TR E%F@

S {;}'ﬂ 2 iE 'fr'x‘}’ E]-F o AT Fend Ao 2 gL iF %E!\”r‘\:'}l ﬁﬁ;“ﬂf %Qﬁ?&_&é{g‘_{;}f_ﬂ&

PRk B G25% o

RRA {74 5 % Hik 2 4ph %2 £ L 2a B - RRA % Jf £.75 % ik ch(as-found)
FEFEETHRHEFT I 2L RERE S ZHHEAL 171 PM CEMS Hf pl o &
i RRA (4L 1 & 7 7 5

(1) 2383 2z > 2 PMCEMS e L@ 2 ¥ 120t PS-11 R4aB 350 P oo
ﬁ""‘ E’:ﬁ‘t" ’
(2) w23 e 30 %4 2 eficho# PMCEMS 55 @ 2 71 5% & PS-11

Fode Bl B3 3N ¢ el 4 R S
(3) f2F"3 wHcdp® 208G 2 =iy PM CEMS o ik sk > 2 pl B
Ay 1 Ty B ST TN Ry 1 E ) ES S ST 1
A dp 2 iF ot fFd ST 7 0l S ie 2 BT T o ) sUhpe g Lk b
Bk B a25% o
The Absolute Correlation Audit (ACA)% & Fi&{7—- =x » L Ark 25 e R
7 RCA & RRA - RI¥ £.i&{7 ACA- ACA H 1= B 7 F = Fl ik 5-(audit
standard) ¥t PM CEMS & {7 & 4% » o' = B A P B H B 7 &4 W & p] £ & F
(measurement range):9 0-20% ~ 40-60%fr 70-100%4= Bl o =+ B & 2 B2 5 £ 47
RT3 o B - AP B ACA BFE R &4y PS-11 e9(9)58 & (10)54 3+ 5 -
ACA Brg B & 3 230 PR 2ok 10% 28 sk 4o Pl B 60 7.5%0 7 &
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BEEY ~ 3 WAL E ACA R -

Reew — R
ACA Accuracy = |CE'TQ—V| x100

\
i

Rcem = PM CEMS response to the reference standards

Rv = The reference standard value

Ceen —C
ACA Accuracy = |CEMC—RV| x100

S
A

Ccem = PM CEMS response to the reference standards calculated from the correlation
equation

Crv = The PM concentration that corresponds to the reference standard value in the
units consistent with Ccem

Cs = The PM concentration that corresponds to the applicable emission limit in the

units consistent with Ccem

SVA & - = LR ‘i* 4% 5% PM CEMS - SVA £i¢ * - &
BREFRG B p RN RS MERANAE > EFEFZS 0 FX
TP F MAOPER 0220 4 4 e SVA Bh (1) OB FER 4 8 A 0t
5% 81 i SVA R o 3-8 SVA s£R 2 % - d PMCEMS fe %4 = i2 £
Flenfh SHAEL EB I IAPFOER S RS fookAiERT .

SVA Accuracy = |V F_S |><100

;i

Vr = Sample gas volume determined by the independent calibrated reference device

(e.g. dry gas meter)
VM = Sample gas volume determined by PM CEMS
FS = Full-scale value

IRk QU ¥ iy ﬂ*apﬁg%v%mﬁwwmcmm MIF F R
T ok ag TR e g HFEp i F S jimep%\.’ﬁ%ﬁrl

(1) > EFARPF T2 PPFUA R F LM g2 g* 0 H U 5Lk

m ¥ H - e '7’(«?)57? At ﬂﬂ)ﬂﬂ'#' i i/ﬁl#ﬁ’lfl'—k I"% it m '{?%-Qléi ’;’ﬁ%?ﬁ?ﬁiﬁ“ ’

Yo E Rk TRk R E
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2) #RHEEF 2 PM CEMS RlE* k225 L Rhak ks 2 %kR 27
FoACE R R w 2 p o PM CEMS hld it Rt 5 35 R B B8 R84
B EWRBIE G 25% A FI A FMARY TR TR ARET FL
e4h R ,‘%(“false positives”) T & 25 L AT ;

(3) PMCEMS f PS-11 & finip B {24 477 > & 5 % iRor = bl 9 5% § )
& EEE TR ARGER DR ERAG A B Pa;‘;k;)i%%](three distinct
different PM concentrations) © B3k i3 4k P w ek Bk R ¢ S R
TR R E RS ARG T AL oA RREER DD Mk R
e Ark & RPEICER D 0 DIM-E 5 TR E R R A R B R A

(4) T FAF kR ED 55 L RER T BN EEMA & S(wet flue gas
desulfurization (FGD) systems) o F] 5 P % e79/& 3% FGD i 5t» 2 5 29 45 e
it KT T F R AR R AP P A13K0% (40 ESP) 3 “T P
A REDENGE PS-I RENZ BA R ERPR ks BHDE
FGD & *gocs > Rl 3 WH 40 i3 RiRR itk (01 DFRLARRIFR >
< Fivid  SO2fr PM ik B AZE AR B ekt o 4o%k 0 3 3% FGD
i g R BIF A R ACRIT] G PM ik R el o RIH BB et 2
3 K

(5) PS-11:# & £ PM CEMS £ if i 4~ =t /2 :%(initial certification)q *% F §& 1 @
SHEF Ko TRIF PR o (7 correlation testing T b F 2 A HFIEE &
ESp

(A) PFRIAra A T F1 5 & E 0 USEPA £ 4R 84502 2 &3 /7 F PM ik
BgeBE 27 15 mRlE o F4er 3 %Wﬁfrﬁ A FIR 3 ARE T e
TR R R FRITERF 4T 1 B Fik(work-week) ;

B) 73 2 RAckr 13K ¥ i & 03 B iR {7 B i 1P 3 (initial correlation
testing)ihp * KAL B R HL R A j R g pH e 2 HPH R
‘”T} 7% & US$20,000~840,000 =i 2 = FI N -

I ~PM CEMS ¥ {74
R A K 100 #4101 # CEMS 34 %7 7 % %[04 7 » Bp 7
PM CEMS 2_ $tji¥ ~ G#7 (T 1A {5407

(1) #Hiv 74

(A) FIF *t PM CEMS 4p B} 2 ¢ § % 5 & > F]pb 2 § 3 § i F
Bl R BB REPENELF 1 PMCEMS ¥ & *

(B) PM CEMS & COMS #i fr » % & % $#ehfe 8 5.7 1 ;
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(C) Flwc £ 2 PM CEMS it R ¢ th o B R B o BB &R
s> 2Rl e 2 Bt e AR A Fl e E K
PM CEMS % 3= = B} 55 ;% 0 if 42 % £ PM CEMS £_ 3% ¥ {7 ¢
&

(D) % FEMBmEg* A pH B2 FLRm RiZEY A
ﬁ%%o%ﬁ%ﬁ%?*Wﬂﬁ”’*ﬁ“%%i’%%i
#E = "’z»ﬁ,ﬁ%;\u,m%ﬂr ¥ oA # IL/%)}E?"%]

(a) drgr & f2 2 R P2 M FFERFF EZRP T LFaf
Foior a2 B RF T R ER DD AR R
a7

=

<r ‘:R'l
¥

—

(b) 22 HMBAPFIREDESLRLF LD HIK % 2 %
T > 2 1 EMBAKBREIFY 1 ITE
(E) PM CEMS B 5 ;¢ e %) % 4f

(a) 75 % R % 2 RO AT~ B T E (% )
(b) 73 % B 413 & cnfh o 2 # (7> &

(c) # 2z g P cppr FECER ~REAT)
(d) #%fF 8P chzkFFn

(e) PM CEMS % % = %

(F) COMS 7 % % PM CEMS i # & | R L # 7 if * * PM ik
B e PM #2205 4R

(G) #% F M7 -k~ F (40 FGD & 4 i f)m > 5t 5 Rl #c gy cn

FEEREHE L

(H) BpgF aF855 (P& c%) $@#@&* PM CEMS»
PERBEBERERP > 2R EpLdd Lo

AT 714

(A) d My & 4% 32 3 30

(a) 4% £ & : PMCEMS 4 % & % COMS 12 & » 40 % 3 #f
7l o 2 F 3™ PM CEMS % % & x4 % 4 97 7] ;

o

(b) % &4 r# LS A PMCEMS 0¥ 5 COMS 03 & > 4r

% 3977
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(c) x5 FEMmH Hg * g7 USS20~40K (¥ NTS$ 60~120
F > %X USINT~1:30) 4% 5 #r 7] ;

(d) % # i 7 Mm% RCA ¢ * 93 USS 15~26K (4 NTS

45~78 &) ;
(e) * T F M I ACAmyg * X% USS 1~7K (¥ NTS§ 3~21
F)-
# 3 PMCEMS ~ SO CEMS 4 COMS & & 7 * +* #[15][16]
PM CEMS SO2 CEMS COMS
A2k A A
. . US$120K US$134K US$64K
Initial Installation Cost
4 & & 1 Annual Cost US$40K USS$30K US$13K
%4 2k REPMCEMS K E 7 * vt $#[17-19]
B Optical-based B-Gauge Triboelectric
USEPA (2000) USS$ 36~47 US$ 71~82K —
Bob Kelly (2001) USS 10~15K US§$ 50~70K USS$ 5~10K
ICAC (2008) USS$ 25K USS$ 120~140K —
%5 PMCEMS B ziiz ¥ 3 # b §i2[20]
M TR 3
USEPA (2000) US§$ 25~37K
EPRI (2006) US$ 20~40K
ICAC (2008) US$ 20~40K
d 3> p w PM CEMS i7& 1 S{.}H‘,’S—)‘L#’fall‘fﬂl_fg-;ﬁ E X7 R

W As Rl WA R PE BN A 2 E G- B RS 2R RLE R S
Bi % PM CEMS % % 2.7 & /% » H#5 5 5 BEi 14 » 4430 2 pF¥ 45 PM CEMS £_%
A2 A G P 2 F %53#; 2011 # % AT 4 ¥4 #EF 31 § EUEC 2
w2 B FREET FRT 4 AL (EPRD): ¥ £ 32> - PMCEMS 4 54
A B2 B P A K PM CEMS ¥ 555 p FEFHAB T NEE S
e
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B SR P w e PM CEMS & 2 £ | ¥ 4 % 2 ## (Condensable
Particulate Matter, CPM) P FP R R G A ET RN mPMzs CEMS » F™ + £
Bl LRI G E M A & F B PMas CEMS it et & o e 24§
L RS 4LJ£7#B M AR a5 PM CEMS cipl#icdh v 2 325 4R
PM2.s/PMio £ 32 4 e ¥ 45 % 48 PM2.5 et 3 i35 fo b 138 i ol (R 0= o

A~ B
#
B

LEBHAREHE IR DT ko TR AR ARRE A F R0 PM
CEMS ~ PM CPMS # BLD © — = & %7 5 ¥ 4575 4 £ « b #1238 & 3 (04525 »
V-2 X PELFTFTLRL R BIERE v Anf £ o

EEAT A
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FTroaltBZHERBE+H -3 PRFMLBGE 7%
Study on Adsorption Breakthrough Curves of Carbon
Dioxide on Functionalized Activated Carbon Fiber Fabrics
R INE & L S
Yu-Chun Chiang, Cheng-Yen Wu, and Yu-Jen Chen
AR RS
Department of Mechanical Engineering, Yuan Ze University
F &

AT R AR RT S AR P Al o & 5 KOH & it 4 TEPA %
v R COx 2wt 5 2oay o MR RRIBITS 17 1k & chddfd > T 8 R4
CO22 T 7 W 45 #E3d H & 4 6 FobbR B T ¥ CO s 7 % ok 2 B8 &

— HENGE LR T TR B E T e R i e T

BFoPya#R 2n i@t dakidmin T AXIP AR 7 &l
RESSEN Y Rk] 341 -KOH 3 ,m/énhrf@“’n% AR5 FEN
oo A et A AR A 4 o TEPA iRt R F 7 F 2 ez § 8 0 e
TR ERG IR A G fi'fm&a“%*";fii”,}é > o btk KET R
11 Wheeler equation 5 i & {5 » & ™ if § OB T ST L gt ATH
FIRBT R ABEA I LR AR 15%CO2 hT st § ik B 5 KOH-ACF >
ACF > TEPA-ACF > p ¢ % B 2 o F{ci A A4 B B4ETFZ o s ot
KEE MR R G 4 0 LAY COr chT R B o § R S Y I MgUR
% BT A B A COyePa s BB R I o

Mk - P s = F T R G BT Y T AR

Abstract
The objective of this study was to functionalize the surface of activated carbon
fiber fabrics (ACF) by potassium hydroxide (KOH) activation or

tetracthylenepentamine (TEPA) amination and discuss their adsorption breakthrough

A+ B2 29 % Bl %L > e-mail:ycchiang@saturn.yzu.edu.tw
1;‘“5?“’ FWHHFI1EE A Fng 4
BB IRE B4

L!\
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for carbon dioxide (COz). The properties of the samples were characterized using
several techniques. The adsorption breakthrough curves at different temperatures were
measured, and the key parameters affecting the breakthrough performance were
discussed. The adsorption breakthrough model was proposed, and the equilibrium
adsorption capacity, the overall adsorption rate coefficient, and the breakthrough time
were evaluated. Results showed that the fiber fabrics were almost intact after

modification, with several micropores or slits distributed on external surface. The
treatment of KOH activation at high temperature resulted in smaller diameter of
fibers, the loss of nitrogen, and the increase of surface area and pore volume. The
TEPA amination was an effective way to introduce nitrogen onto the surface of fibers,
but its long chain structure could block the original micropores and further to decrease
the available surface area and pore volume. It was observed that the modified Wheeler
equation fitted the data better than the original one, and the new variable was
depended on the adsorbent. The equilibrium adsorption capacity of carbon dioxide at
a concentration of 15 % followed the order KOH-ACF > ACF > TEPA-ACF, which
implied surface area and pore volume played the most important roles. In addition, the
equilibrium adsorption amounts and breakthrough time decreased with increasing

temperature, indicating the adsorption was an exothermic reaction.

Keywords: Activated carbon fibers; Carbon dioxide; Surface modification;

Characterization; Adsorption breakthrough curves.
- N —,;—,4,
FiERBe AT E R A AMel B XRBEERI A A EARD
FE AR KA F P CONER TR Ao T RFR o (BRI 0 CO2
Gt PR FMAEE & o Bl EUR R T RCTR R F oo il LA &
ICO 2 K o i f 53 “,f - 3 LR RGeS Y > CO25 ¢ T 10-15 vol.
%o piEd B E 5T % §F COt > pdf & 375 (Carbon Capture and
Storage, CCS)#jire %o FIE AR » AR 5 354 =~ F COE*%env (73 7% o 2
BoxAfrB 4L 0 AP wCCSHEMR* F fop £t i R o [1] £ Ma kN
%> (USDOE) 2012+ # ) #- Utilization ;4 » CCS» & % Carbon Capture, Utilization
and Storage (CCUS) » # ¥ #-4f & 3| 0CO2% g 5 f1* » BT H o

poa COxen 3 B 5 % ¥ A % Pre-combustion - Post-combustion fr

)

Oxy-combustion > # Post-combustion® * 12w fT ~ B ¥~ foid Wos S ey L o

B B R 4 M REHASS R ST Rof inakiRMEr DR R~ CO2

A SRS ATk R/EAE)D T MIFE TR BESTE 4 2 COr

H O 343K H 0 3R A RAp RIS T is(at ~ 50 °C) o R R F JiE
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Moo PR BT AT 3 S AR B f T AL 4 (at~ 120 °C) ~ HSOxfrO2aT g ~ %
FAEFF A AKX ok (TF * 3 H[2] BB E PR 5\11* R AP R D A
ﬁﬁ@ﬁimﬁm@@#%@iﬁﬁ\ Hiad o FPr FiPAge g By
COz#p” P 202 o 4ot MOR end[3] ~ s [4] ~ e iE e is]S] o

53 enCOy M e AR P > ¢ 7 53V Ba[6] £ 7 8= %
(Metal organic framework, MOF).%z 14 #[7] ~ zeolite molecular sieves [8] ~ Lithium
zirconate (Li2ZrOs) [9] ~ # £ 7 3t #4341 (4r : SBA-15)[10]4vH s £ H§ i 434
% o # ¢ SBA % Santa Barbara Amorphous m‘f-ﬁ"* » F1H 5 4e M & & Santa Barbara
A RCHTR R I R R o SR R AT AL g ORIV A G V8 TR ARG
FHCOTB i o JFHIFH 7 LIV HFNHIR A G 23 08 J F L Fiw* )
#E 02 ARA A > & 35 Supported amines (on E HER) ~ BEFLAT(F A F )2 R LA (FR
FA) I PR A G L3 f’r—g v @ B P F{rMOF St % -

Lu et al. [11]:2 EDA# 4F Mesoporous spherical-silica particles (MSPs) » ¥ &
CO2w %] o MSPsert 4 i #f 5 1129 m¥/g > 2 SEDA AF {5 v 4 6 ff & #1345
m?/g e EDA-MSPs%+CO2% ¥ £ %€ ¥ 8 B 032 822 APTS-CNTs [12]% F 5 & 8 &
B 20 °C# = I 60 °CPF > $CO24F fres ' £ 1% b3 4o 5 i & p 60 °CHi 4 1 150 °C
PF o AFfos i B BRGS0 BEoT 60 OCa Bt G BB E g 0 60 °CHS Bt G R
FReegd B0k 1 0 & &3 o HE53028 k/mol» & 4 F» 324 ex q‘
MSPs g it {8 » -OHA 0k A d 0.71% 3 0.22 mmol/g > 2 3L dk 2 F it A2 £1
d 0.18# % 0.67 mmol/g °

s R Gk f(activated carbon fibers, ACFs) i® & &' > Ix 415k P 2 4 75
Sodrz HophFe Apd R oo BB IIER R E AR > ACFsE § 3 /E A # F b
FdAE R S R RIGE F R REL R F b AL E B o ACFset 4
& F# %1000 - 2000 m*/gr2 F o % >0 @ 5L pE (~ 1000 m¥/g) > 3L R A F TG -
KT G ipbefois T B4 A @ e ende TR ki EAF R Y
HALHBFZEH gty B maﬁ«9‘_4c15¥’v‘r§ia\~1 KT NP~ AE S R
H AN e iR o BRI M hm SRd7 4P § % 0 4o ! polyacrylonitrile (PAN) ~ pitch ~ rayon
£ o B IPAN AUl &AL R LIR[13] 0 A R 2 FIA R AR A R
BB o

KOH 7% it @ ¢ I+ 3 4ephenolic resin-based mesoporous carbons:rijizs* 4.
Moo R G T R 4230 eIV A MW A 35R  BARIIHHERLE 2P
% o 3760 mmHg ~ 2540 °C™ » #COx=% ' & ¥ i£4.44r7.0 mmol/g ; &' & ik
BAE K p AR (ultramicroporosity, <0.7 nm)&gE B o MR CO2ewx M 7 3
e+ aiy o @ ¢ IV AKOHE v iz £ & &4 » H v iF 5 KOHiE »
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B BRI 2 5 178 1A o d s e g AR § 9 AR HCOA S
LT AZHIVEAR R BEG 2 R 3 (R By and > ERIEY i (deep well
potential) 2 & HtCO2 4" + © [14]

Wang et al. [15]#-MSPs'2 TEPA i &7 » 3 JLH 415 % CO2ex F iy 4 P &g %
DF BRIk EF ZEARER o A HE NIRA60 °C (BREF 7 )7 0
¥ £87.05 mg/g (MSPs¥7.03 mg/g) 5 #v » R § FF» -REF 7 £=6.98 % >
COxx 't £ I I B 8129.19 mg/g  #7 iEDA-MSPs » TEPA-MSPs #.60 °CF& » )
Tk CO% "t £ ° Thote et al. [16]/4N-doped ® 3* [ & it 45 1% 5 s '@t > 28 IR
S5 CCT HCOx B % ¢ VI F V4R S 4R ety NFLA R R EF
B3 IR 5 COR £ B 4o chi ] o o PRSI $mﬁpwjﬁdba¢§
BRE Lok PR ”“,i* LB E o SRR T R - X o

AEG R R B EE A LA G F A At e 7 KOHE i fvTEPAM% it »
i HC022 PR F oA o M HE R R BEA 4T 1R A gt 3 P CO22
SRR T s A A B o R T HCOR G Tt 2 B -
FNGE LA TR R TR R o fad 5 e

=~ B3t
1. B ad g S A

RETG R F AE R AT B SR D P A > A1 5 AWII07 0 W
Bkt 5 B[ % (Polyacrylonitrile, PAN) © AW1107 2+ % & # ¥ 5 1100 m?/g -
T35 f$1.9-2.0nm >~ £ £150g/m?~ ER0.6mm %HE A~ & & 2 ACF - higfs
AR HRDIDALLI00°C B 24487 mdZ24ho ARSI Bt G R s
LRt Se R o

ACFejE it 32 124 * & § 1 49 (Potassium hydroxide, KOH) - i£ * KOH:
ACF = 2:1 - #KOH/Z f# &g £ 4 &3 -k¥? » 4 » ACF# o~ 8 &£ {6 » %900 °C
Tl AR R AT h 2R M F F oo BT > M1 MHCEZ R
PAets o A B3 g kF R I pHE T 12 2T 100°CH ¢ qok s g o o
# & & % 5 KOH-ACF -

ACF 2 4 & *& i & 8 % »w ¢ % I 9% (tetracthylenepentamine, TEPA,
H2N-CH2CH2-NH-CH2CH2-NH-CH2CH2-NH-CH2CH2-NH2) » i 4240 ™ o fie @ 10 wt.
% TEPA o fi8i3 i » B3 44r ¢ o Boif 0% BJL HACFH A& » e » TEPAC b
BRY o AZE A IRFI0 min (60 °CT) 0 B S50 °CHFa P FoE S o Bk A
T AR AN o KR A (ZHRAMEERBERY 0 2600 °CT 2] h (2
AW F F ) o 2k~ & & 5 TEPA-ACF -
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2. ]k AEFEL T

KA S 2 AR A PR R A ST S R AR S B
(Field emission scanning electron microscopy, FESEM) -~ =~ % 4 47 (Elemental
analysis, EA) ~ X538 £ & + s¢ 3#(X-ray photoelectron spectroscopy, XPS)frit % m
% % Bg3‘ I R ~ 47 (Surface Area and Porosity Analysis, f§ fLASAP)% i& {7 4 45 o
FESEM &f1* T+ AE&£HRS42 0 &7 447 FrURZRELDL G R
AT E A SR B F &Y o U R Y R T M ks (Hitachi, S-4800):&
FH kAT EAT P B REE A Y 3 A(C) E(H) F(N)EERF A0
AP FTEAGLAL A FEREY o JI* 2% & {7 R (elementar vario EL cube)
A5 o XPSAHT MBI AL G A e 2 HiL s AF /LY 41 &
FEREY oo % XoFRE T F i 3# R (Thermo VG-Scientific, Sigma Probe) 4™ 47
He %2 kK5 AlK Alpha ~ 5 5 1401 eV o %’%’s’ ¥ 4 2-196°C T ~ 2 BB
M E SRSV LS = SRR PECATE - S e T A I SR F SR =L L
AP A G E iR T R AR G BRI M A Y A E SR E e 4G
## 2 3 .~ 17 &k (Micromeritics, ASAP 2020) = = -

3. "7 5 Rk

1R 2 BIE AT ~ ACF-based= " # ¥ CO2f M e % | 7 2xar 5 &
FREEsofE T 705 R SR R HCO2F HEH T T R e A8
T g i d 2 g H T T R(M IS 9254 ems £ 15em)  CO2k R d F
A0 % 45 % (® B 470 GO/TCD) %R » % 4 s v Al 4 F %47 4l 4414 om
DxS5cm)z o > RAERAZEE GEFAG15 g CO2ER ¢ COupFgk & »

AR F NS R Ao ATE g WMER > F MR E X 25 100 scem

BF M5 COMPF i B r s I r F iR eCOE B I 2 o R B~
MGC/TCDZE A 17> #5548t — K o 2 7 2 COER K T515% £ R &
F I SR R (2540 ~ 55°C) T R T b AR o

COxz't 7 7 Hst eruE = (%4 F g+ > 423 (Reaction kinetic equation)2
Wheeler equation (= ;% 1)[17] » d 7 5 #icdp & (7 % & (fitting) @ 8 o

_WW WpBln(C —c)
- C,Q kG,

B¢ oti R (min); We 7SR E 2 € 2 5 i enT 7504 5 £ (g/g) -
Wi i@ £ £(g): Cos w i Figin ik B (g/om’); C5 PP ches s 0 v R B
(g/em®) ; Q% # %% & (cm’/min) 5 pB & ¥ ¥ Ak H % A (g/em?) § ky b e iR 5 (4
#c(1/min) o
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=z~ BRatsm

1. 38 8t 3 T F B A(FESEM)#: ik

Bl 1524 A~2FESEM& B 58> " BRRIACFR L i 5 TR 5 RE
e Fata FHFETF REBESAR P T L] 3 K (B 1a) - SKOHE i+ {2
itk & (KOH-ACF, Bl1b)> 7 i Fl4 6 < KOHF & 8 8 4 6 T A 5 pt ek
2 Rl VRN B A1 CRERHE - R £ Gh & LI I R A N
@ S TEPAE i* {4 0k A (TEPA-ACF, Bllc) > 4 & # iKOH-ACF4e 4 » FESEM

AT TEPATE 27 ¢ PR S v il o = F H B end 20 W9 5
6.33 (ACF) ~ 5.06 (KOH-ACF)r6.38 (TEPA-ACF) pm ©

B 1. #& 2 FESEM ¥ i}
2. A% A H5(EA)

B25 LA EAA T2 % 0 B A 471 B ¥ 20 R4k A R (bulk)#r 2 §
O G HFcf N)HE R F A o d BRFFRLEAUCET £E3 > 43
753 — 89.6 wt. % o N & £ i& = 4 TEPA-ACF > KOH-ACF > ACF » KOH & it et
BRI EAT G ERE hFoind o R EME 28430 wt. %R0 317 wt. %
TEPA:H 3 E e A R 7 A ¥ 3 2 AN G £ #4711 o 3 5+ 2 8 (Other) ot ] »

EKOH/E * & TEPA Mt 6327 "% » P oo # 4 0 %63 chz ER VAL H b6 jkE

\F‘b

AE A o % B 0 ACFKOHE {* 2 TEPAR I 7 $ 5 48 & ehie 2 1t G
FH o
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100

89.6 %
81.9 % . ACF

= & n = KOH-ACF
= 753 % mm TEPA-ACF
L0
=
T 0
o
—_
o
ol
= 40 -
2 19.0%

20 1 3.1 % 4.5 %
= 2.6% L i

1.9% 1.7 9%
1.9% ' = 2.8 %
0 -
C H N Others

Element
B2 L4z EA A7 %

3. X&Mk T 3 #HXPS)A {7

EHRAZXPS2 i HA TS ST A3 kAL ® 7 F Cls~OlsfrNls o
Z 1877 24 A2 Cls~Ols~Nlsshh+ 7 Ao i & ik e 3355 Clso
KOH-ACF4 & 2 7 P ERF F R5F o BT kAt f @ &2 rqd 5 fok
7§ ° PAN-based ACF# & 7 7 $2.43 at. %N ; @ KOH-ACF{-TEPA-ACF*7 2
ik m F B+ A5 50.69103.15 at. % o #F MEAA 475 % 0 KOHE T ¢ R
*¥ NG A o2 B RS A § et bR o gt ¢b s ACFeATEPA
MRt FER T G ookt g FENR S o - % d O/Cv T F > ACFEKOHIE it &

HENRF 2> O/C* 7 d 0092 2011 % 20.06 - d N/C+* ¥ (¥ 5 » KOH/E *

BFR Y IN/C 5 82 2RATEPAMRI B 4 7 § e 7 £ > EN/Cv &2 R ACF#g i ©
Cis
.*E'
=
8
T
>
7] O1s
5 N1s
E MWHV\/
l (c) TEPA-ACF
l L | ) KoH-ACF

L" (a) ACF
600 500 400 300 200 100

Binding energy (eV)

0

B 3. &4k &2 XPS 2t 3 B

53



% 1. 24 A~ %% 2 Cls>Ols~Nls & (at. %)

Sample Cls Ols Nis o/C N/C
ACF 89.37 8.20 2.43 0.09 0.03
KOH-ACF 89.26 10.05 0.69 0.11 0.01
TEPA-ACF 91.02 5.83 3.15 0.06 0.03

%25 2% A2XPS ClsB f# 45~ 1B L F i A E 1785 > B F 7 2
1T TRE e Ao d £ ¢ FF IR KOHE L frTEPA I 327 % B Hh * 0 F S8
Wil o ACF4 6 c17 3 F ac 22 14-COOH# 5 ; KOHE it # & % 3 4 & w ¢9-OH
B FAG 5 F T A Gl 4 0 T JRITEPASIE L o7 s A £ 5 e
K BB AL G 2 5 F A ABAI 2 LB AR ¥XPS Nlsit
TR AT T E2Z B L AREELA T ES R I VR NTRAT AR
T hr#3 o ACFehi £ 2 § F &t & 5 Pyridine-type N ~ Quaternary N4vNO2 ; KOH
witte o B Z F F A A% 5 NO2frPyrrolic or amine moieties (or Pyrrole,
Pyridone); 3 TEPA{S » 2 & 7 § F &t 2 P & Pyrrolic or amine moieties (or Pyrrole,
Pyridone)frPyridine-type N & 7+ TEPA-ACFen4 & § n+ 1 8 22CA 4 4% >

NOX‘;‘/’/Z,\ :’E'_ﬁ;i'l) o

2. 2HA2 XPSCls B fatr~ 7R 7 i A E 21758 % (at. %)

Sample Binding energy (eV)
284.6 285.4 286.0 287.6 288.8 290.6 291.6
C(sp>) C(sp) C-OH C=O0 C-COOH Carbonates m-m*
ACF 443 34.9 — 4.0 5.1 2.0 9.7
KOH-ACF 53.8 11.9 13.2 3.2 5.8 24 9.7
TEPA-ACF  64.1 10.6 8.9 6.7 5.4 0.6 3.7

%3, tfi~2 XPSNIs B jat7 A i B2 7 i 3 2 A48 % (at. %)

Binding energy (eV)

395.7 398.4 400.1 401.2 402.4 404 405
Nitride Pyridine Pyrrolic or amine  Quarternary ~ Pyridine-N Shake-up NO;
-like species -type N moieties (or N oxides satellites (Ng7)

or aromatic (Nc2) Pyrrole, Pyridone) (Nga) (Nes) (Nae)

N-imines (Ne3)
(Na1)

— 22.0 17.8 21.5 12.8 — 259
KOH-ACF 7.9 13.1 20.1 94 2.5 — 47.0
TEPA-ACF 5.0 24.9 25.7 17.7 12.1 — 14.6
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F S SORYY A

&
ooy
=y

B4 5282 3E-196 °C (77T K)2 § § FE=5rgd M0 = —f;,"m;; B RR Kt
WA Y Type 1o B30 dicdt (e s3] 5 Hysteresis loop 7 P &8 > BSEL A T &2
BB E L od No ZEBHY AV B 4 oa ek SR TAcd 40 B RS
et o6 fE 40 i KOH-ACF 48 & 1t £ 5 fF 840 7 66 %~ ALt o f§ 4 3§ e 7
62 %~ 4,34 WA FoHcTt AL A BB 40 7 64 fr 62 % o TEPA enieit B 93 £ 7
% g fF et MAE > T A FIE 48k TEPA RSB AL 5 P LERR AL
B I TR o AT B A R B oG AT A A S i
#X 4171, ACF > KOH-ACF > TEPA-ACF 8% = 4k A2 F ik - W B 35942:6 62 %

2 3% BL Tt tiia %k 0 BEE BRI ZEAT BT M o

S00

400

OFO_Q.O_‘O;Q—O-—O—O—O-O—OOOW

T

200

—e— ACF
—— KOH-ACF

100 —a— TEPA-ACF

Solid symbol: Adsorpticn
Empty symbol: Desorption

Adsorbed amount of N, (cm’/g, STP)

0.0 0.2 04 0.6 08 1.0
Relative pressure, P/P

B4, &4 A& 2-196°C 2. § # %0 /M utd M
F 4 ehz2Fow B HESE

Sample Langmuir Micropore Total pore ~ Micropore Average Average cumulative pore
surface Area volume volume pore size micropore volume (radius <

area (m%/g) (m*/g) (cm¥/g) (cm¥/g) (nm) hydraulic radius 0.5 nm)

(nm) (cm®/g)

ACF 1385 957 0.4854 0.3862 1.4015 0.3797 0.3912

KOH-ACF 2304 1546 0.7937 0.6261 1.3780 0.3779 0.4595

TEPA-ACF 1051 657 0.3678 0.2672 1.4000 0.3821 0.2873

5. HRAHCO 5§ MLy 7 & R
CO2w- "t T 7 5% arud = 1%iE * Wheeler equation (2 5% 1) d F B #cdpie (7
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# & (fitting)®m 7 - Bl 52 ACF 2 CO2 5 15% ~Ap$BRR 5 O~ R 5 25°C
TRy 5 R A b 0 f1* Wheeler equation 3£ {T# S 0 R ArB] S m AR

TR AT AR E R AL A T AT BB BT 0 B h
Wheeler equation > 4- 2> 38 2 #7955 5 B E VP K4 T R AT one fd A en
CO2 ZE B FE FTA (AR T3 ) > A k5?2 wiE 2 n=0.25(ACF) ~ 0.23
(KOH-ACF)4r 0.15 (TEPA-ACF) - ¢ B 5 (% )7 L5 > £ % n=025p >

I BN T ARk AT e o

o WeW WpBln(C —Cj
CQ kG,

-
—r

C/Co

#® Experimental data
——— Fitted curve

—— Fitted curve (modified)

0 100 200 300 400
Elapsed time (min)

BlS. = p TS0 (8 it s el £ g % (1 ACF 25 % 5 d &
% B CO2: 15 %, RH = 09625%)

r1 g i+ eWheeler equation 8 & & & & $115 % CO2e7w | o el &
@®T

7 2 Fitting %% 740k 50 2N L2 R2 A 935H7E 099 b o d 7
il BT hT grsog R T R T $901 KOH-ACF % COx i3 ' £ 5 B - B om 4
B EAES A RPRFE o BF o EF SRR T A g IR

A% o FR B AR 25°CHB I 40°C Z AR G K 5% 4 25°C
FB L 55°C M 10-15% st #h > FiEH C/Co=0.1 5F 58 VHFRLF
SRR 0 [T BRSNS A TS R B e LR A

B2 78 KOH-ACF # CO2 s i it £ 0% > @ ACF e 5 p i fr . KOH-ACF

=

5o & E = —fgi’af&%? TEPA-ACF - * o #F]1¥ 5c £ ACF % KOH # it {5 » &
PR mt I EREBGRE VAL - o FIRARERE R F
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o S G B R N (R R ACFE $e A <0 ) MR TR R A f ik

5
1.2 1.2
(a) ACF,CO,: 16 % (b) KOH-ACF, CO,: 15 %
i
1.0 1 1 A
0.8
Q d o}
O 06 - ’ o
O d Experimental data (25 °C) o Experimental data (25 °C)
04 4 I 4 Experimental data (40 °C) Experimental data (40 °C)
’ B Experimental data (55 °C) Experimental data (55 °C)
02 1 Fitted curve (25 °C, n = 0.25) Fitted curve (25 °C, n = 0.23)
A L S — Fitted curve (40 °C, n = 0.25) Fitted curve (40 °C, n = 0.23)
—_—————— Fitted curve (55 °C, n = 0.26) Fitted curve (55 °C, n = 0.23)
0.0 # T T T T T T T T T
0 100 200 300 400 500 600 0 100 200 300 400 500 600

Elapsed time (min) Elapsed time {min)

1.2
(c) TEPA-ACF, CO,: 15 %
1.0 H :
0.8 4
]
Q 06 -
o ® Experimental data (25 °C)
04 1 4 Experimental data (40 °C)
. ®  Experimental data (55 °C)
0o | Fitted curve (25 °C, n = 0.15)
S e—e——— Fitted curve (40 °C, n = 0.15)
—————— Fitted curve {55 °C, n = 0.15)
0.0 ¢

200 300 400 500 600

Elapsed time (min)

W6 kAt FERTHCOF (5% 2 5T 50 M 5L H)

% 5. st 7 i f* Wheeler equation 2 #t & A 17 5% %
w3 K] B R ky We n ) PIRERE*
O (1/min) (9/9) 8 (min)
25 698 0.113 0.25 0.99899 84.0
ACF 40 613 0.107 0.25 0.99479 67.8
55 780 0.096 0.25 0.99893 46.3
25 770 0.150 0.23 0.9972 81.6
KOH-ACF 40 1115 0.140 0.23 0.99472 64.0
55 894 0.130 0.23 0.99738 459
25 1202 0.082 0.15 0.99688 45.5
TEPA-ACF 40 1323 0.078 0.15 0.99592 319
55 1826 0.074 0.15 0.98202 229
55 B & C/Co=0.1
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SR~ &

FFTG % PAN i P2 SR EAE thi e 7 i & 1 AST. & 5 KOH /&

it 4o TEPA =it > ¥ B4 5 »ceh COM N YRR Y T
HAhi g ion bl | REAEN B Y 7 A3V o KOH it B ic
DRBFRSFE PSR R IO 4 o A
A tgt A o TEPA et 7 f s e Az § £ ~scd A& o 3Lk
BE A FIEERG IVH O R EF R e oIV o AT R LB LD
Wheelor cquation 887 * +-45 i 7 5 # S0 ie it i 4 HRRT ¥ ¥ ST
Boo MRAT At » EEF RS PR AL o LAY COy hT g
% A 5 KOH-ACF > ACF > TEPA-ACF o #* b » Mg ¥ s il B o 40 > & 48 4
COy et frvs Hfﬂ’fr“ RIS IR K% AT LAY CO R
WAREE o ATL B EHEF 0 ACFs & 5 KOH & 5 413 COz e vif - 4

@Q*ﬂcmﬁﬁﬁﬁiﬁw%%Jo

N }—‘,‘;’ 2 )?Je
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B F FIEE R AR
Introduction of the Development VOC Recovery System at

Gas Stations
RS S

Yan-Sheng Yang, Hsin-Hsien Wu
;iiﬁﬂfpjbl‘m;ﬂﬂb 5 TR B P;Z"'T
Green Energy and Environment Research Laboratories, Industrial Technology

Research Institute, Hsinchu, Taiwan
&
BIP 7F 4vid 52 30 20060 £ == % - FFEH B arid b §F v Tk Si(Stage 1)
FIOFPFE A F wT k S(Stage IR BT F Wl R B Ao b 2b
B ARG F BRI F R o RIBRE M4 i § ki E ",/TT 7
Stage 1 2 Stage IT 2 b » & 7 & R fwfe § F L2 2 1310 § vz ks
(On-board Refueling Vapor Recovery, ORVR) > & % 4 47 £ F % g P & LR R_IE
B30 F AL Wk 2 F00 R R S FURRER A BAER 1R T
RO 2 o R R R -
BT I ¥ - FFEMF P R AN SR F wt i B Tae s w CE
Abstract

Gas stations were required to equip vapor recovery system on oil tankers (Stage I)
and nozzles (Stage II) to collect gasoline vapor by Taiwan EPA since 2006. However,
the people is still often smell the odor of gasoline during refueling process at gas
station. To avoid the gasoline vapor escape into the atmosphere during vehicle fueling,
an On-board Refueling Vapor Recovery (ORVR) has been conducted on vehicles in
United State (USA) and several counties in Europe. The study introduced the control
measures of gasoline vapor in USA and European Union to provide the information to
the reader.

Keywords: Stage I ~ Stage II ~ ORVR (On-board Refueling Vapor Recovery)

1 ¥ T I Bt BAAT ﬁ » E-mail: victor yang@itri.org.tw
1 ¥ Bt | mr/Fﬂ A > E-mail: cookwu@itri.org.tw
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C~4

)‘

-~ e RHRFEICE AT EIREL S

MFPZREN R A EHAREERT T L TAEBRRE ML RN
B EA 7 & (International Agency for Research on Cancer, IARC)#-%7 4 = & ¥ 7%
@ﬁiﬁ4wﬂ&#?@mmmmmjwwm] P AR £ B g (EU)EC,
2008) 1A(H350) 77 ei 47 Br2- — [2]° =2 T MAIH 2T > AWPp mz & % T &
wo s g AIEEQR009 £ 72 29p TREFEF) S KRTAMY FFLEES
HAZ:8 1 vol% -

Vainitotalo(1998a) [31#= @ [} 4 i‘f\'ﬁﬁ Helsinki #% ¢ T 2 4 T4 b 20 35 50
LERHER b bp (B §)2 AT %~ § ¢ MTBE 2 BB » S 5% K7
MTBE JE & /i3t 0.5~ 121 pg/m’* f¥ > # 3T b T g 123 5k R g o ¥
thheih B AR ER BB LA HERER A 247~ 1347 pgm’ B > 8 X 4o
B IHEERBEERYES0R > otk iTER njc,é"k T
%%i%%%éﬁo

BIPMAPM AL & e b RRF Y ARG ™5 PR B R
WU%ﬂL%ﬁﬁ%ﬁ2Eﬁﬁ¢ﬁﬁ24 | P TR 0 B4 £+ BTEX
kB AARIT R 8 m24PM]ﬁﬂv@%@ﬁ%ﬁw“%iﬁﬁ$u&%§@
F2@4ed § 2 B %2t 4 BEELEE 36 B & A& GC/FID » 41 MTBE ~
Benzene % Toluene P S5k T 4 BEHEEEY e §ERBRF > MTBE -
Benzene % Toluene T 32k & A 5] 5 688-166 2 1,018 ug/m’> 5 2 % @k R 14 ~
5% 6% o FHF(2005) [6]4 H74vid =< F ¢ MTBE (k& & & 52 > 4p di4eid
%“%%$ﬂijEkﬁuﬁ@épéw"@u&%% TEMEER ¥R
%3 MTBE ik & § P+ B iF 721 ~ 1,082 pg/m’> ) & fEdt4c 4 = 100 ~ 200 m
IVE P#@ » % 7 VOCs kA € MR A F ER o PR EQ007) [T L S5
Tobed BEEREB Y ERE 162 0 48 R FlE S BART WL 0 Taﬁ@—@_
o F RN o NG ERESAIT O FTECEABERMERA B S 7533
221.71 % 17.83 pug/m’® -

ARp 1987 BB A F e o AR EEH N BB F2 5T o 4
(T E A 2009 £ 2 2011 & gE pF2 B 5 2,698 o £ 3 105 & 77 G
2,466 Fiteib #ho 2000 #£ {50 WP e bW e HE F - PRI IR F ¥k
G Hu(Stage )E % = FEE S e F w Tk Si(Stage 1D) > & R Bt 4o b 2h 4o b i
AREFEI frRE c ZWALFIZ D dEed 23 RESH AR APE 2
k?%@ﬁﬁi?ﬁmﬂéiwﬂﬁﬁ$4%ﬁ%%iﬁﬁW”Tﬁggﬁgi
R R F P  E fARE o

=~ e R F ¥k Su(Stage ID)
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An Experimental Study on Droplet Heating Behaviors and
Boiler Performance of Water-in-Oil Emulsions
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Abstract

An experimental system for observing drop heating and micro-explosion of
emulsified fuel was established. An emulsified fuel of low-sulfur fuel oil with water
content of 20% (Cw = 20%) and a pure low-sulfur fuel oil (Cw = 0%) were used as
fuel for burning in an industrial boiler at normal operation conditions. The results
showed that by using a 20% water content emulsion, the boiler efficiency can be
improved by 7.7% after furnace cleaning compared to burning pure low-sulfur fuel oil
without furnace cleaning, and also a reduction of 34.9 ppm (18%) of NOx can be
achieved. It was also observed that when 20% water content emulsion was used, the
fuel consumption rate was 252 L/h. In other hand, fuel consumption rate was 271 L/h
when pure low-sulfur fuel oil was used, so it has a reduction of 19 L/h in fuel
consumption rate, corresponding to a 7% increment in energy saving (fuel saving).

Keyword: Industrial boiler, Emulsified fuel, Micro-explosion, Energy saving, NOx
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