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Development of a semi-automatic monitoring system for acidic gases
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Abstract

The sampling and analysis procedure is complicated in the traditional method
for acidic gases. The traditional method is unable to monitor acidic gases in real time,
and prone to making errors due to manual handling of the sampling. Therefore, it is
important to develop a semi-automatic instrument to sample and analyze acidic

gases.

This study has developed a semi-automatic sampling/analysis system for acidic
gas. The system consists of a high efficiency parallel-plate wet denuder (PPWD ) for
gas sampling and an ion chromatography (IC ) for real-time analysis. The PPWD is to
sample the acidic gases, which is: connected to IC for automatic monitoring. A
home-made gas diffuser was ‘developed to generate the test gases: acetic acid and
nitric acid gas. The automatic system was validated by comparing the concentration
measured by the system with that measured by the impinger(acetic acid gas) or the
porous-metal denuder sampler(nitric. acid gas).-Operation parameters of the three
methods were: (1) parallel-plate wet denuder —ultra pure water for gas absorption at
the flow rate of 2 mL/min, gas flow rate of 5 L/min, sampling time of 19 min/sample;
(2) impinger —ultrapure water for gas absorption at a fixed volume of 150 mL, gas
flow rate of 3 L/min, sampling time of 1-3 hour/sample, and (3) porous-metal
denuder —sodium carbonate was used as coating material (1 %, w/v), gas flow rate of

2 L/min, sampling time of 1 hour/sample.

Experimental results show that the method detection limit is 1.24 and 0.17 ppbv
for acetic acid and nitric acid gas, respectively. For acetic acid, with the concentration
range from 10 to 190 ppbv, good agreement between the concentration of the

parallel-plate wet denuder and the impinger that has a good collection efficiency of
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>99% can be found with coefficient of determination (R*) >0.993. For nitric acid,
with concentration range from 17 to 170 ppbv, again good agreement between the
concentration of the parallel-plate wet denuder and the porous-metal denuder that has
a good collection efficiency of >99% can be found with R*>0.995. Furthermore,
the absorption efficiency test of the current system showed that the system has high
efficiency of 96% and >99%, respectively, for gaseous acetic and nitric acids.
Experimental results of the response time indicate that the rise time is 20+1 min and
fall time is 3042 min, respectively. Accordingly, the present parallel-plate wet denuder
coupled with ion chromatography can detect gaseous acidic gases in real-time and can

record short-term fluctuation of the concentrations.

Keywords: parallel-plate wet denuder, acetic acid gas, nitric acid gas, semi-automatic

sampling/analysis system.
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Jd f8 % 65x42cm> THRFFES 3mm > P HE R &% (T F F AE T R
+ o Takeuchietal. (2004) » 3 * T (7T F A M®E (F24) HIERSs 5 -
PR RS Bt T (5.7em B 030ecm & ) TN Bl AERE S 0.1 mm
FEAE G 22em e 13 em A 0 5B Or § BOK 447 %% (High hydrophilic
dialysis membrane ) i3 sz m (B 24(a)) FHZEFH T 2 HEREN 22
JR e R Ao A LR RS AMER S A TR RER Y A

SAAEN F 2 HN AT S AmL 2 B KAk BT T B L S0 e

a) Front view b) Side view
ps 57 mm 51
! i Air outlet
13 mm
2 PFA T
L e FA Teflon tube
" Top oo o cj E) o
o
ol
SRR o o Liquid outlet
5] o o o —=
o] o o a ="
o o o o =
Screw
el E o] o] a a
El E
2| o/|o o o o
2y | -Membrane
o o o o B
o Q Q (o]
o o Q o
Liquid inret
Q. 5 *] < (o] E L ?
co0oo ©9j°° EE, PFA Teflon tube
Both side plates Spacer

Air inlet

Bl 2.4 Takeuchietal. (2004) % 4 2 T {7 T4x @ WA 3R » (a)w 4B ~ (b) BIAL

B -

Tsaietal. (2008) 3 % £ & 75x15cm (W x L) TH g4 e + urg e
RAE A B R BeE K 2 F AR A 6 B SRR I e
Jed o (T8 T (F TRV AR > o w44 d 4 e (3.57-3.80 ppbv) ~ Bk
(0.48-15.63 ppbv ) ford it (8.43-20.92 ppbv) % = fEiRl:& 7 M (T s § %

Bor 2 5-10 L/min édr i £ 7 0 BofereF ¢ v 2 95% 2 F (Bl 25) o °F

i

By

o

I

Jf o B A5 Limin i BT et 7 i 100% o T ¢h 4= fERIEF

-9.-



2 P A BT R REER s W 15-25 2 4efe 10-25 24 (B 2.6) > A F %
FETVERELS A 0 HREEF B ORED 7 EF o Bl 2.0(c)8 T Rl
AR P A AT BEERT > MR FL A e 2R
Rosman etal. (2001) $# Bjd e & & o

d T A R PTEF TR S RB AR ES N EHRES e 0 Y
FA-RZFREEFLHE A AR IO N B2 F TS R
A §F RS 2P AEa Esjcdo s ¥ # Mo EFori
G FIM AR REREERMRGE 2t d e % Fe3 8 (Tsai et al., 2008) o
A EFREY R F Mootk A2 4 o Neumanetal. (1999) # 3% 51 % § #4
# v 11 TFE Teflon ~ PFA Teflon ~ FEP Teflon 4+ PVDF ( Polyvinylidene fluoride )
R TELAMKF MR RS NCGTA > TR AT REEL T SR

44, 3¢ (Teflon) # 5 B~ e

-10 -



Absorbtion elTiciency (%)

| J I L I : I | 1 T g T L I
TR ]
100 =
m E s )
i ol
g
2 mo}l -
ol 45
=
= g ®  Fxperimentsl dsts (HCL)
®  Experimental dats (HF) g Thearstical rurve
& - Theoretical curve _ g0 b= _
L. 1 [ — I PR B
i 3 ¥ 10 E & ] 10

Gas Mow rate (LAmin)

(a)

Absorption efficiency (Ya)

Gas Mow rale (L/min)

® Experimentol data (INO,)

Theoretical curve

1 " L i 1

4 L L}
Cas flow rate (L/mimn}

©)

Bl 2.5 4% HF » HCl 4= HNO; = 883  #

( Tsai et al., 2008 )

“11 -
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I 1
F m- 1
g i 5
£ “r 1 ¢
o L =
E e E ——— Rl Ulme
% 40 4 & —#— Full time
: $
= r —4— Hlis time i
E sl —i— Fulll time .
PR R T R | Iy }
(1] 10 0 3 4 il 0 40
Time (minute) Thmwe (mimuwie]
{a) B}
1004
g‘ Hil
=
g o HNO,
‘i —i— Rise lime
z —— Fall tine
g o, e time
o - = {ikosman ot al., 2001) ]
X 4 Fall time,
= (Rosman el uls; 2001) |
2
- Vi z
I} 2 41l 1] 80 100
Time {minute)
(c)

Bl 2.6 &-% HF ~ HCI = HNO; = f&Rl5& § #8 2 ;e »c kP3¢ (Tsai et al., 2008 )

F B e R A 4T kSR

Loflund et al. (2001 ) %< Simon and Dasgupta (1995) 2. % %8 £2 Bk &
#k 4 7 ,% v (PPDD-PCS-IC, Parallel Plate Diffusion Denuder - Particle Collection
System coupled to Ion Chromatography ) (] 2.7) > # T4 FiE * 7 &2 55 - %
oA RE Y p g (NagSiyO3) 0 2 k5% G F 3 PP ¥ T 1 - B
$eF W2 P RpBTR D LR AYRS N FREF RS BT
PER A 1P @ B8R I{ 14 Fissehaetal. (2004) = F #% %% Simon and
Dasgupta (1995) 2 § #2& fop Je ik A 47 h 5o A T H i gty - % i
AFE* g s (NaSiWOz)» #3 F MEF R AL 8ol 5 1 /) o

-12 -



RS S o R F RS S 8 F WY Bl 2% 1 - Boring et al.(2002 )
2§ W ok B A 47 % 5v (PPWD-PCS-2IC, Parallel Plate Diffusion
Denuder - Particle Collection System coupled to two Ion Chromatography ) » & & 4+
HAF P G E SRS e Bplod R A R m RS A
Tm7 2 g MEMck B 2 IC 4+ Eir&kA47 > Flt f HEF %=

AET AT ER 1S ssap ERIET e v RIFHRB AL - B F CERR
B PR T (>100 ppbv) o d At e 2§ b Ery MR kY £F AR
A3 o Flam g FRR pH B FIEE T L3t d g Voo € HE RS
e g U FREF MY SFREA SR RT g 2 kA MG - Ullahet
al. (2005) Bl % Boring et al. (2002) egrt A 47 s3> L 8 49+ 5 ¢ 2
IR RS (FERB s RAER) THRKREE R 2 IC HF KT R
AT RABELIEF W F R A T4 L AT 30 A 450 0 RIBIRILF e F
WAt P4+ & 3 B (ATD; Ammonia Transfer Device ) » i % 4% 7 i i %

Mis T FRERIBEPRTE -

LN

) AT e s g
BRSO RS

R

Heating
Waler inlet

for vapour

3

Mixing Parallel
b plate
Valve to  Valve to chamber denuder

cation 1T anion [C

ﬁ ﬁ Maze

impactor
% :

Adr/ liquid
Adr pump @' separator Adr

inlet

_H Walerinlet

&
- -

B 2.7 Loflund et al. (2001 ) k4% % s07n 42 @)

-13 -



Trebs et al. (2004) P|E % & FI1%R &~ 3% (WAD, Wet-Annular Denuder )

BEF o f Bk B (SJIAC, Steam-Jet Aerosol Collector ) ( Slanina et al.,2001;

Khlystov et al., 1995) (%] 2.8) = - R Hk#

Bl arz A RES 7 IC 33 K7 k&2 4L ~» 247 R (FIA, Flow Inject

TRl L EFHAEMR R

Analyzer)» 2 7 FIA B3 EREFL 7T - d WL LT EREPHRAE
BFEF R TURERLAIT AT RE AT EREZARAT DT HREN > R

XABR P F MBI TR e TR T o

/| /|

Wet-annular denuder SJAC
belt Mixing
Inket __- Ty v Sl Condensar  MFM
55'9“3’“ _\-\ 5 _._:_.:._'
ES::::EHIC ’_@ Y = Cyclane
Denuder ) (Cut-off: 2pm)
liquie! H
generator N liquid
Bromide
gas
i Il gas sample
- Bl aerosol sample
Gas st Aerosol
sample e )/ sample
v ¥
waste

B 2.8 Trebs etal. (2004) ke % suim42B (WAD/SJAC)
AFT G %% Tsaietal. (2008) B3 ehT 7T 5 A s®E s ¥ 28 IC 43

BAt R T 5 @R E 24T R kB g ISP RLF W2 RABA LS BT SRR

FHREFFL > T FRFRELSIT D 2 REFATEFLR ) SR -

-14-



22. BBELFAZRR

Ry de P B E g o L B ITF A &R (GC, Gas
Chromatography ) chf #k AR i > A2 A HEFHAEFT R %R T - § fadk s
FHEERZ2ZER P BE 2 fHBEEF T ER TG A E
UiEfeRA E B4 NE G BRIE B4 (Maria, 2002) (4R 2.9) 0 i
QA BE TR AR AR R R SV PR A S A f R
FI* 3B EF - F R REEERZ ke o 54 Warburg (L4 F R 4
PFoOREEANY F MBS F N Warburg (18 BRA 2o E - 3ERP AT
O AHEA RN FABE S o d 0 E 4 NP Nerdetal. (2006) %
M GC F A K47 kB & VG4 ¢ R (FID, Flame Ionization Detector) % &

BB E 3 AR R T 23558 535, 0 Washenfelder et al. (2003 ) »

MIC -+ AT REPFRFERBE > BBEE 2R8> A 2%
% & % 34.241.6 ng/min > 408 210 #7550 fFT P BT 34 e & EA

1545 TFE) T 1% o

Neri et al. (2006) %@ 885 % 38 7% 1% 5 (Wafer type ) &2 #73] EL 3473 %
FREAAT VRO D RFEF 2 P ER EACR 2,11 77 o B % K EL N4
WERI R fAIRANFEEF TR 212 2 RE L EL A E
O R RIS W Tl R MR R Y SN
4 %S F B 0 5 27500-45000 ng/min (18-27°C T ) e

AT R - L ARACE 0 D AR PR G 4R T TR AL
BiGd MtBE NS Fhd BB RIS F Wt ¢ (Nerietal, 2006) 0 # 3

FoF AL 2 FAER BT A s o

-15-



balance

courtarwalght

|

gas (nlet [

temperatune regulated oven

pameation fuba E

wmmr—JLI

Bl 2.9 €4 2 2RFE ¢ 2 %% 5 (Maria, 2002)

45
40 _.“.£9; ......... ~ ................ S
30 - %’”~ .....
72
20 R
L 1o W e
10 e

5 e ccrisarrsiesEsssrrsaTesETerrasmnnTaran

0 I ] I I I 1 1
I [ |
1/1/2002 4/1/2002 7/1/2002 10/1/2002
Date

Permeation Rate (hg min-1)

B 2.10 2 IC 33 K17 RE RIS E B2 B35 8 FRH > ERIFFAEL

B2 > T35%i% F 5 34.2+1.6 ng/min » ( Washenfelder et al., 2003 )
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ELOH lig

1

tg2 EL ;¢ /7545?

2

Eh e R EY F MBS AR (1)

F#EE 0 (2) A EL %% 4 - (Nerietal., 2006)

5000
| a \afer
4500
4000+
3500 4
= ]
E 30004
B |
<
g 2500+—— , , , S
B 15 18 20 22 24 2 28 a0
E
=
= 50000
i | ® EL
E 45DDD-_
40000
35000
30000
25000 ———— T
% 18 20 22 24 26 28 30
Temperature ("C)
CEEL VRS R 2% F B R R R B B (Nerietal., 2006)
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3
i
el
k|
g s
J
N

FHTEEGERT L REBER T {0 A F MY = 2o Bl
HHTETHRRSAPEZ TEF (P) P& F407 ¢

P=1-2964"+04u > % pn<0.005 ;

P =0.91exp(=7.5420)+0.053Texp(~85.741) » ¥ 1=0.005 - G.1.1)
He 'u:DLthW ' D 5§ Wikse ik (cm*/sec)d L % THER (cm) n's T4

B WETHEETA (em) Q5 M E (L/mim) »h 5 T FEE (cm)
2 R DA T d TS e Y R

(1) Chapman-Enskog kinetic theory (Bird et al., 2002 )

T3 L.{.L
MA MB
D,, =0.0018583 2 (3.1.2)
O 4p><p,,
e
T:8E Ko

P&+ >atm-e
My FAz &+ & > g/mole °
Mg Bz ~ 3+ & » g/mole -

o
O, AFRERTD S aAB=5(aA+aB) v A e

" b 4 Y 3 — N :: SN » AU »:L‘
PP Q) ArTleapz I ¥ £, =1Jg,8, ek BE o A F B a2 FFE o ek

- 18 -



22 ofi- 5 Lennard-Jones %-#x °
(2) Fuller’s equation ( Bennett and Myers, 1982 )

10T [(1 M) + (1 M) ]

()5 ]

T:gr Ko

(3.1.3)

H

P i3z &4 >atmo

PP FAZ A G E > g/mole o
Mg 4 FBz ~+ & » g/mole °
Vit F A G HATH A

Dy L FTARR WA

A
Dy & FBEE A 0 24 KA 5201 cm’/mole
B

v

~ 3 (3.12) 2 (313)&«1#] ‘ Wi adc s B B 2 1L 5 4w 3
Das=f(T/T)"" 2 Dys=f(T)/Ty)" Pieiusadic b forB8* © 5ok — B A 2 %% § Wk

Gl QF REFRERT 25 WMIFIThE o ¥ b Staudt et al. (1995) #

D ZER T (K) &2&RA P (kPa) ik i ™ g

beb. T Y1013
wetan| 298.15) P

LR B FE it Djsc 1am 2R 208.15K 2R 4 101.3kPa kg™ m:ﬁ LR S FRE

nGE Rl L FEL 2.0 FM AN L Dg=ATYT)"" o Aipsglr =

faf MBI E 2 > REZ FPREEHSfOLF IR L R o

-19 -



312 FHKE
F IR

AT R TR - F Mg TR F WAL R o AR 31 TT 0 F
BB LR PR L RIRETE =G AES B Ay Ae T
Fod A H TR B HARSE 2443 (Teflon) HFE+ -
A AFITE A S RME L T o P RRAGIRER A FATE PN A -
FEA0mm~ E /S 4mm2z 4Lz #» % S EEFHRAMKKRRME > - R TR
BT ofieF MT - BEIT Imm2 i@ A ¥ bR - Beb R
FREFARY TaAcE MR EAL NP EF A ERE A EAH
CEEFEAML A ESBHT BEFHE o B RACE e b Bl
Bl 3.2 #777 o

Bl 3.1 WcE 2 ik R2EE R

-20 -



2.4

dime

s 3

T 4thxE
[ T s Em
L Ry
1 o
B [T et zam
f_&]l_,_.:.i.l

p#s it pR g TR R A
AL F* Tsaietal (2008) 2 F(FEFEIRNAHE > F Ml tiad A
75 mm x 150 mm 3 4c % 75 mm ¥ 170mm (W-x L) 2 g3y T 45 > 8 Se s je o 4
P R LT S A G R AL A iAo A B AR
UK SR TRt f A R RIS SRR LG ) S g
( Surface microstructure ) ( Boring et al., 2002 ; Ullah et al., 2005 ; Zhang et al.,
2003) RicF e £ ¥ Exz o = F i aopok (TIOy) A= - BAZM KM o
(Tsaietal,2008) (B 3.3(a)) 3 I TH £ 6 23295 LA, 2 F #s oy
e oA THEIHE AR (A ek G APE) > - B 4mm B hf WL o
HoKMH I RI T Nd Foa TR E U R e T R T L e

F R doE 33(b)HF o
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(@) (b) gas outlet

= =1 water inlet

-

= L 8 == Water outlet
acrylic reservoir & (denuder effluent)

gas. inlet
5'L/min

Bl 3.3 T 7 TR 23R (a) EALE > (b) RIALE °

AFEF = § 4% (TiOy) Mot B3 334 gLy T 4 i f2 40 ™ (Tsai et al.,
2008 ) :
- ~P~05g - 5 it &k & (TiOy) (P25, Degussa) % »t i &4 # > £ 4 > 50
mL AZ 3K > R F A 10 4 4 -
S HTION R N R E A G 0 R 30 A4
o BT REYR Y 0 1 3000CARMED | pE TR R B R L AP D BB
o
Ript EHFHT F - BREE2 B[ > 2 TO, 4 A F T F 93 %
oo A kBT o

AR 74 Metrohm 2 @ 2 355 861 Advanced Compact IC 3+ A& 17
REAESAITRE RFDLEFE e 75 FBFH - AHTEHE 71 2558
FrlF o BB F AL 31 AT

-22 -



# 3.1 Metrohm 861 Advanced Compact IC &+ & 47 % & * if i

AR~ [

## ¢ 1 (Guard Column ) METROSEP A SUPP 4/5 S-Guard (6.1006.540 )

BT E
ek METROSEP A SUPP 5 150/4.0 mm ( 6.1006.520)
( Analytical Column )
#r41% (Suppressor) MMS
FrHER A 7.5x10° N H,SO4 (1L)

(Regenerate solution ) Ultra-pure water (1 L)

;i (Eluent) 3.2 mM Na,CO3+1.0 mM NaHCO;
;i (Flow Rate) 0.7 mL/min
&4 (Pressure) 8.5 MPa
7 # B (Conductivity ) 14-15 ps/cm
# &3¢ & (Sample Loop ) 250 puL

AT A RS EIORNABE NS E - BRSNS LR -
o PSR g e R s - SoL AR F R fein i R ehis S o KL G-
AT FT RS A R E R R R R 34 97F 0 LI S E R

SERRMICHEIT T REF A7 T - 2 p B VM F TP L 5o

-23 -



L R e e

Bl 3.4 T TR A BEEBHEKEZ SRR
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32. g3
321 FEinA
F TR
P AP RFELF MR AL 2 FRERR AT P FRARR
AR R AR RE Y~ F MR 0 B AR E S 2 4o T Ar > F AR 3.2 AT
T AR JFATE 0 4R E R BB AT B 3 kB o F (pipet)
2503 mL § @Ak g A pe g o d WACE AP BB L 1 p 3R
W(ﬂ3mm’%&ﬁ:»*i%ﬁﬂﬁi%%ﬁ&%%’juzﬁ%ﬁiﬁ,
T;HWP’ur%ﬁ@%gﬂ%oﬁi%&@’aﬂki¥ pobEagp o
NFHBICE BT RFAIIG N E R MBI T A R R E
poo Hig o dBARE 6 R IRp PhAcE R KRR > B 35T HEAcE T AR
T E R BEN LT AR SRR PN EE AN E AR F A
ey A4 - Eagpacs W (W3500) > d 34 F 4 (0.08 L/min) i » 40 #4
EL Y IR R

(a)

- ENBE R

ShEHE

ShEE

IE X




(b)

Bl 3.5 # MIb4cH s ir A B (a) EARRE e 7 AW (b) =

FECTE AR R A LB () RE RN A F R AW
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AT p R R MER AL EFMER ST MRIFA LR Rk

B2 ERTEAHIERT 2 RBR kRS I’F hTéii%’Eﬁ/&}ii

AR > T BRI 4B 3.6 T o F AL A 1igd 2 W (Valve2) &4 F
(792 Limin) 7R RE > REFREFUTREIFERYAF A RS

(2L/min) ~» & qz¥g (3 L/min) &L 7L B8~ 3 %E (5L/min) % = BH R E

EEHE SO REEERZLE

Mass Flow Controller

I ] By-pass
- A
\ 4
Valve 1
4 Valve 2
%WMM Valve 3
I I Q. Qr
Oven and
Diffusion tube
:I I
|
Nitrogen| Mass Flow Controller Q
gas
Ton
Chromatography
= Metrohm

,_u_' L OOOG’

W 3.6 742 SRR A H
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) RS A AT PR R

AR RIS 2 R R > KRB A L WL W E Rl
FEfh o UBCH 2 R B ER L SRR A M E ARy W AT R
FICERT R AHBER S 2 KR -

LT TR A SRR B AR R RS SR o I aEE JF A B
TR BEFFR 2 AR R R o R E 5 1 mL/min/# T HE > @ SR B Y
MFFAREANF R - R FEFEE NS TELTNEEFIF A
R

b Ag# R R BRB AT Ao igd TE TR AREY S ENN 2

REGFERE- - Rd N F RS

34
P—H

Toke i@ A m g SN L Z R

U M0 2R AR Bk AR S A B RIIE I T g
Ak d Fom TRl ok } ﬁ'lv;ulz); w2 F W (Lw R 3.3(b)) e &
AANH FF R R PRI RIS R A S Dimin F& S e ki £3 (- sfn
RF) BEFNEARERE  EREBE ARG FRR N T IC B BT
REB T OE B AMIEE R Mg BB A S - PR RFR S &
B BRI R OFERR I IFEH A B o v gad 2 4 IC
B+ K47 RE TR R A 4T o

FIVERT HF A BAR 37 AT o PERBRBOERER D 22 FrRARiF
Rtk otz 82 2 (NIEAA452.70B) » % 8282 5B 4 473 (73 3 4o T 914k o

1 % (wiv) 2 mifadr (NaxCOs) B e bat & Fi e etz 4
*oRpe e L Flop i MBI REAITEEY I MBREZ
F (02atm) 1 AZH A RFEE30 248 I B 1% § § ki 10 » 45 -
B PN S - REPE S i w5 e U S B IR LA 3 £ AR USSR

CERTRF ARBEFAR MERE R IT AR REREY B

AN

Bl
=

RiS o M FALT 4o~ 15 mLAGH K fI* MBI 74 F (0.2 atm)
WURFTABRTSFE30,48 524 FBRMICHT k7 RET F MWk

R BN 5 AR L E A -
_08 -



28 R

1

]

- ~—— HHEBEAD
I

— AR
— - BB 5LERA
-
T Eom3AARA
_I:D_ — B Ho
REARBRE

B 37 53 & REHF A#E (PMD) mits f2

BofeEL L B E Y TRk kR Rk T2 82 2 (NIEA

A430.10C ) » #e i3 j% 40T 2530 o
F b FEER T A FUR AL 0 STFIH TS M 0 R R E £ 150 mL A2

Ko BBEF A e A R F O L ASRL SR ABH Y RS R A

Al FaE o ROKBILF RS TR SR ? o Aol 3.8 0 ST 0 AR

FHT R o F 2 HUR DI R - AT AR TR R -

-29.-



gas inlet gas outlet

——
3 L/min —]\ —

o %

° % nozzle
S 0:
o i%

Bl 3.8 = fcigf R F x| B

AETATBHRE F (HR=99.99%) TL AR EF F A 4T
FRUE R BETH TS LR E SR BT B R F R
AATE AP R B39 L F AN L F R m RIS LRI o AF F
doF BT Ed 2R (Vavle 1) 2 G a g g o - FF T2 37 7 1
(Q) 54 FRIMBHBAEE N T i E (008 L/min) & » A £ 4% M
e F0E 0 I F MINE R AR R R BN by 0 TRA A F ARG -
Vo i iT s s 8 (Qu It B HIEE AR T £ (7.92 L/min)

B~ R (Valve2) T 22364 5 8887 P #RfoAHR > Wi g 5 8 L/min -

e TR R F WA G R (Valve3) o 5 Rl F W5 prpey W
MZHRAGAEF o - B> pRIPREFHEER ARZHEKTIEE S
L/min> ¥ — #3i » Sjesg 2 HFE € 2 3L/ min> § & 4B« L B 3.9 (a)-
FRFFMIARFH M e dRAG 2 - U PR R HE
Bl (SLimin)» ¥ - F 5 53 4B Y BF A4 E 2 Lmin 75 AL
B {6 - 3g 14 By-pass (1 L/min) = 587 » SofTdig > pL s jadg 22 F % * o jaig & o

F oA T LAE 3.9 (b)e
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[Nitrogen)|
gas

[ ]
| I

Mass Flow Controller

Valve 1 2

(a)

N R I

Valve 2

Q.

[Nitrogen|
gas

Oven and
Diffusion tube
:II Ir
- Qq
Mass Flow Controller
Ton
Chromatography

Metrohm

th Valve 3

Qr

o
i

0000

[ ]

4
Mass Flow Controller

Valve 1 ) 2

(b)

Pump

N R I

Oven and
Diffusion tube

Valve 2

g N

Mass Flow Controller

Ion
Chromatography

Metrohm

i

OOOG!
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1* Impinger

2" Impinger

QImpinger

>
>

b

v

>

By-pass

AN



AT H TR B WME R kS s o 1 F A 150mL &
Hokzowofoiga e s RIS TEREEL G M2 T @ AR MR
W 1% (Wiv) Zpifadpen 3t £ B P HF AR g s HERA TR S

ook k2 mofod e

F O PR R

AT H ARRIRFE A R AR Oy F M RER TS W
ERO0% M F o Rl SR i VARR At MERE - BT
Bife > Wi bl »RREF R (T erdhF FRF ) e e RE F 5 R
Hr o DRERS AR CATEREF S 2048 25 MEA T IRk
B 10% 0 pw o RGBSR 2 TR > B TR A-H 3.10

A AR R # R S 0-200 ppby SRR WEppky W RFL%REL
SERF WMERZ Bl o

(a) Rise time (b) Fall time
N2 N2
supply supply
) 4 ) 4 ) 4 ) 4
Dilute Carrier Dilute Carrier
flow rate flow rate flow rate flow rate

\ Shut down

By-pass PPWD-IC By-pass PPWD-IC

Voo b

B 3.10 F 2 pFres T %% F R PR
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3.2.2. QAIQC
RE S

A F 4 CH;COO ~NOy & 83 5 (87447 fhmena 17 7 fe /97 3
B2z RRI R KT RE LRHRSERR -

AP HRET o P AHRBUARKRIL T 2 RAKRERFLHESER
2 %R o fI* BHokipikk R 5 1000 mg/L fEpL Y4+ % 5 (High-Purity,
Charleston, USA ) & 999+5 mg/L & & 42 4+ & # = ( Merck, Darmstadt, Germany )
el PI B RERZIEEFRE (F o458 #0 FRERESI 4
+ R A7 kR S B (250 pL) f8 0 £ gk (Eluent) # &0 3 A 47 ¢ 4k 47
B pRrIEA o B IR R ARE > A AgRH Ly 2R I
fefl FRIRE 2 An e B> F I MBI RATR AT F e WE T AT G
FHAF A PTRSELIRR ATALIG RMR A R 2 ' FAZE R R
ESNI s ) ) S ES ERFFEDN o B H| T ik ( R?, Coefficient of
Determination ) 7f + 3% 0.995 F&7 & Kifes 7 fpdr =t 2 £ 38 (7 5 2L 4 %
(& FERATEY AARE 100£15% > FAEZ HERZGFH o AT UIRH K
iR G 1000 mg/L 2§ farsgp+ R & 505 % (High-Purity, Charleston,
USA) #723%-ki3 k& 5 1000 mg/L 2 f¥fi {94+ % 553 7% (High-Purity,
Charleston, USA) fe @l 7 FEZLER > (T AP R ERZ AT RRAE  FE5d KT
R EE I AT EATE 100£15% FREE SRR B F EATREATRER (2
¥23 52003)-
RE W7 b A

AF g 2.7 % P& (Method Detection Limit, MDL ) iB] 2.2 # 3¢ /i f2.4v
B 3.5 #7m o o RIEAHFIGEA* Ao ER PR BB cRPFRER LR
i i pl1E 'L (NIEA-PA107 5 2 223 5 2003 )« Agddl-k e de bl 5 (Ffi s
ARAEESAR ) BRI S ENSApITIE R 2 2 R B BRE

CREEUES SR BRI R S A 28 SOPAR S
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£ (S) 42 W pHE*'T (MDL) e 2 407

MDL=3S

# 577 5 MDL #7382 MDL > 4o 3-8 @ 5] MDL 49 § ik & (1-2

BOER) ZFEAKY > RFH - MDL 2 p|% - %= 8k B35 MDL
P> 1% Bif- % MDL € Bipls#2 %8 % (S?) ©% % = MDL & Ripl:#

Lsz@__’gLEFLLt"J"FLL’l}IJ')J‘E'g\j‘?"ﬁ'&"’ S 1= ')i/w\—i"f?-f*‘ SA M |-
ST R e o A5 Spta AR E P 1 G #13.05 % fi o Sa”/ Sp7<3.05

Fl# Tt 2N E K e iRl i £ (Pooled Standard Deviation, Spooied ) -

68,2+68,2 |
S =22 %
pooled |: 1 2 j|

F SA’ Sp?>3.05 0 RIE T 4o BRTHH B W E] 2 Firly MDLER - £AT 17
MDL 2 8] % % Sx% Sp?<3.05 & 1t o @ F| Spoolea & % T if 2 5835 ¥ £ {4 2. MDL

L
B o

—\

MDL =2.681xS

pooled
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Predict
Method Detection Limit

Analyze
7 samples

\ 4
Calculate
Standard deviation

@D

Analyze 7 samples
(1-22MDL)

v
Caleulate
Standard deviation

>3.0

Calculate
Pooled Standard deviation

A 4
MDL=2.681Sp00ied

B 3.11 =z i p4&*T (MDL) i:42 R
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WE2 5 ERYF e 2T 0 RUAMERL FACE FIVEH S FAer

15 mLAgs -k > 1% SREZ4F (0.2atm) #f 425 A AT FP30 248 &

B BT RE T FRIRIR Y A4 F T 3R I BT KT R4 AT
B d o plEAF LGB Fkl A4r2d B3 A HRlE (ND.)
TR LT S EHI RN - LR KRB R F (e
FERSAFARBLBLH T M L Rew E RS kLB

FRARTBFAI0 A4 E RS T BT S50 R (£ 52003;
(7 Feladh - F TR 12 R 2 2 —NIEA A452.70B) -

BT HL KBS TR B AR RS B 2 R TR AR R 2 i *
RAMRTBFHR P TR XFRRFAT T TR ARERN A
BoR R wor o AL W0 B B AREGFAFILERTE G B kR
Yo B FRR o FAa B FL NDUE S & = H R NFEiE g

ij{g,(
e dom B kR e B @Rl FHEAE AT NDE o AR
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33 FHREF2ZEY
3.3.1. T 7T xR 3\ 4 3 E (Parallel Plate Wet Denuder, PPWD)

v gd B3 BT RA T RH2Z % 5 4 & (Peak Area)» 12| 2 thi R® &
0995 M F2 BRI ELTFTHR BN ABRBHE S FTHR SR 43 F %)
K Cippwp (ppby) @ 4r2v 58 331 ¥ g~ #7782 84 £ Quepwp X t (L) * fE &
Vte? A4 2 B2 Wippwp (pg) > £ 5 8 AHE MM E Queewp X t (m’)

PIEELZF Y FH2EEER Coppwp (pgm’) > 3853 580 203320

W, eowp = Cppin X QI,PPWD xt (3.3.1)

W,
C = LPPWD 332
g,PPWD Qg,PPWD X £ X 10—3 ( )

Coppwp * F1# T 7T 45 R3S & 3 BT 2 ZF¢0ERER > pgm’ -

Wippwp * F1* T 7T RNA BT F2 454 £ £

Cippwp * F1* L 7 T4 BN A S BT 3L+ K47 &R A 172t & B R & > ppby

(pg/L) -

Qippwp * T 7T BN 2 B E2 2T /v g > L/min o

Ogppwp * T AT RN AP E2 F HEHEHRIE > L/min o

t:HFEERT > min -
3.3.2. 4z ¥#g (Impinger)

i md 33 KA RATRIH 2% 6 4 & (Peak Area)» 11 2| 2 thdic R i
0995 Mt 2 ERKFEX TR E AT HRSL K PF FEER Climpinger
(ppby) » 42258 333 ¥ o~ 177 2 WA & Quumpinger X t (L) & REF A 74 5

fo +(T'}L;” Z ﬁFfr—El_ Wl,Impinger (}lg) ’ 'PT‘ ;‘?; Eﬁ%ﬁ‘ ’]{i %gf% 1‘% Qg,Impinger Xt (m3> ’ E'J 1\/?5'

FOF M2 R ER Compinger (pg/m’) > 35 4R 2503340

%5

S

(3.3.3)

1, Impinger = Cl,lmpinger x QI,Impinger
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VVI Impinger
= ’ 3.3.4
xtx10°7 (3-3.4)

g, Impinger
Qg,[mpinger

Cotmpinger * FI* S ATF 2 F M § ¢ £RIER > pgm’

Witmpinger + F1#* S fTdgic 2 A7 £ & > uge

Cmpinger * FI* S ATHIT b v 8+ K A7 R4 472 R &k & & > ppby (pg/L)
Ol impinger * B fL¥L2 B AT AMA o L o

Og impinger * P 1¥L2 § B HR I E > L/min -

PR > min-e
3.33. 3 £ F ¥ F1§ 4 & B(Porous Metal Denuder, PMD)

Pl* g g3 K45 kAT M3k % G i@ (Peak Area) » 1 %] % ih#kc R &
0995 11t 2 EARFHI I £ BT AL A YT HE ST EL kY B RF
R Cipmp (ppbw )’ ¥ B E P2 A EY (L) E ¥ B 2558 H £ Quemp X
t(m®) B REEF P FHZEEER Copmp (pg/m’) > 353588 2583355

_ G pup V<1000

g.PMD — Q

(3.3.5)

Copmp " FI* 53- £ 5 Ff A HEHRFZF M5 7 kA > ngm’

Copup * F1* 53 £ T AF # Bk i+ FITRA 172 5k A

& > ppby (pg/L) -

‘.\.ﬁ
)

OQerup * 53 £ H " FF A B2 7 WEHEHFAE > L/min o
VoIEPR2 A Lo

D BFEPER > min-e
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P BEEELERER G AN 336 S F Y REFME A

A MR &S (ppby) -

gsz,xqg (3.3.6)
& = Ex Fx1000 (3.3.7)

D F Rz R &0 s ppmy o

s

4

E L F M2 iR E v ppby e

R: 312 % %% #c > 8.314 N-m/mole-K -
T: =% E& 29815K-

p: =% /&4 >101325Pa -

M, § %2 &+ & > g/molew

F:igs =+ o s 1017 A 1016

334, F WASF

=
o
‘1—
e
e
b
@]
0
3
=
o
{
Sk
=3
N
ul
A
wr

T3 s Wi o I Tkt

m=Cy, ppyp*Or (3.3.8)
m & %% 5 > ng/min o

Copppp * J1* THEIFRN AP EE2 FHLFY ERER  ngm’ -

Or: %4 i€ > 80L/Mmin-

-39._



3.35. T 7T RN A R B Tk

E :MXIOO%

"

(é‘;,PPWD + é:g )

R A LT S L L

é:g,PPWD

E, P MBTELR S AR Y FF A ES T R kR

ppbv °

» 0f o

P EIERN A B g R e

- 40 -
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41 HIKFHRLET

AP E B R 2 KT RAR A5 5 Dionex-120 & * 4 47 F A5
# AS-12A (4 mm x 150 mm) - 44 F 35 5 ASRS Ultrall (4 mm) » jitiei% jk
B % 2.7 mM Na,CO;+0.3 mM NaHCO; > $% &3 B 5 500 uL> 3 & ¥ 44 F ~Cl ~
Br ~ NOy ~ PO, 2 SOJ %+ f it 8 1945 18 17 4 5 L8 247 - F % A 419 4
Bfsfef WA A RBRRET I REL R HIFEETRT KT AR B
Fitdgs & & F ib A3 & 00 Bl 4187 & 43 Gk & S0ppb T 2 & k3 A
i 0B 4.1(b)AE A 14 Bik R 500 ppb 2 E k% & o PERAIIAET 2 Y PER
R (BYPRF 23304 HAES (BERER 217 A4) 4piT o & F R
Bfd dpd o) BT B foe k% (Waterdip) (OBl 4.1(c)) > BIH% & # A%
LA Er A3 N Bt AR R ST € GG 0 AT A kB2 F
BER &R ZAHFESY -

AL R AR A AR R SHBRT RN S 2030
ppby & T o d AR P F I A TEH Y BRVE 6 F AR IEE 0 4o
Bl 4.2(2) 0 2 42008 W R SR LT oo B F 0 48R R
PRI LA & A L R S R
RO WP F AT R SRR - Zervasetal. (1999) ¥ ruofoig i feAz @ oK
R L R oo T aE 90% 1 b o F] R R B R R LR (S A A A
2 e sk o d W A20) M R e b F B R 2 AR % 0 B G
ARGIEE R &G fF (B 4.2(c)) 4pin > Flt S ETE A RRZ R S 2H T F
FARERIEE > L R RS WY (VRS FiTA T

AP AR e 2 fE B RE R0% R 0 12 R B Metrohm 861 Advanced Compact
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Conductivity (uS)

3.00+

2004+

1.00+

IC 35 & 1% hie (7 4 47138 » 2 @ * 14 494 £ 3 METROSEP ASUPP5-150 »
Frd| B L MMS 5 iRk A 5 3.2 mM Na,COs;+1.0 mM NaHCO; @ 1k 5-1%

250 pL > FEa AR FAT LE 2 % 4 300 Y BB A BB 2 H s A
LEE S R PR EFEITELE AT B RIS L E R
+ e gk B3 R A @ * g Dionex-120 IC 2+ B 47 1% > B F &7 s B s i
DEE RS AR (Rl 43) FRF FARE o RE T FI ARG € R
BoFFUALINRE ST REG AT BREERNEEPBENTEITE &
7 B Metrohm 861 Advanced Compact IC 3+ k& 47 % (¥ 5 & p & (* pafd 5 4

E(P'J A wu\éﬂ\.—)' 7:.-\' I\A:\"ffrl/jﬂgg o

(a) (b) (c)

Fluoride Acetate

1.0040 1001

)

Fluoride Acetate

, ) .
2.00 2.00 St

Retention Time (min)

Bl 4.1 Dionex-120 IC &+ & 47 k2. ~ {7 B 3# > (a) #HE Sk R 5 50 ppb & #+
2R BYEE G 217 24 (b) tRE &SRR 5 500 ppb fF i1l 2 &

**ﬂv'&"ﬁgfﬁfﬁm 233 b4 (C)ﬁr‘lpﬁﬁ"ﬁ'n

_42 -



(a) (b) (©)

Conductivity (uS)

Retention Time (min)

B 4.2 Dionex-120 IC 3+ K 7.k 2o = fa » F7 Bl 3k & & f 25,55 v # > (a)2 5 3¢
£ % FF AT (PMD) SR FFAE§ A4 Ae W3 - (b)rt s feig (Impinger)

Tefk Frph s M2 A 1T RIGE 0 (O)fF PRI o2 & 17 WIS -

Fluoride  Acetate

Chloride Unknown Unknown Sulfate

Conductivity (nS/cm)

| | | | | | | |
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Retention Time (min)

B 4.3 Metrohm 861 Advanced Compact IC &+ & 47 ik 2= » 47 B3 + & 4+ & fis
A9 poak 4 L2 1)
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32+

30

28

26

24

22

20

18+

16+

Conductivity (nS/cm)

14

121

10+

4.2, s Sz 3 xR

hET YRR 2 AR B SUEFE 5 0-1000 ppb (0~ 50 ~ 100 ~ 300 ~ 500
2 1000) > 28 503 %2 A4 RIEACR] 4.4 977 0 A BIRE ST 2 TR T
e (R?, Coefficient of Determination) A % % 0.9999 2 0.9996 » ¥ L[ 4.5
2 4.6 N RERFFIN BB kRRET PR T RS ERE S S
TG R A BiE 09999 2 0.9996 > & =k & Pk R & 100£15% &R > H
FE4eR 47 2 B 48 #71 o @ 2k fpHE'T (MDL) # /& CH;COO {v NO5 7
B RA B S T746ppb 2 1.08ppbe T 7T 4R A BB p 2§ HEE
s ® 5 5 L/min~ R PFRF 20 & &5~ FIRIR &€ 40 mL - #] CH;COOH 4+ HNO;

A w] G 1.24ppbv 2 0.17 ppbv > £ 4.1 -

Chloride
Acetate 1000 ppb :
500 ppb

/ 300 ppb
50 ppb ;ié ; 100 ppb

A

'\‘ Acetate

A K AN AL

/ Color -
Standard Solution (ppb) 50 100 300 500 1000

Nitrate Sulfate

Y

1 2 3 4 5 6 7 8 9 10 1 © 13 14 15 16 17

Retention Time (min)

B 4.4 Metrohm 861 Advanced Compact IC &+ & 17 & » 17 ﬁiﬁ' Fatt e PR 2

FRH (BRRETHERF 4406 AERETER 102 548)
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20

Calibration Curve

y=0.0193x - 0.0208
R?=0.9999

Areas (arbitrary unit)

0 I I I I I I I I I
0 200 400 600 800 1000
Acetic Acid Standard Solution (ppb)
B 4.5 prptiRdEEde £ A (0-1000 ppb)
75
Calibration Curve
i y=10.0704x - 0.5413
R =0.9996

60 —
= 7
=]
> 45 —
o
E
&
(15}
o
<

15 —

0 I I I I

0 200 400 600 800 1000
Nitric Acid Standard Solution (ppb)

Bl 4.6 A AR &4k £ 4 (0-1000 ppb)
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Caculation Value by Calibration Curve (ppb)

Caculation Value by Calibration Curve (ppb)

1000

1000
Validation Test
i y=10.9961x - 3.5176
R =0.9999
800 —
600 —
400 —
200 —
O I I I I I I I I
0 200 400 600 800
Acetic Acid Standard Solution (ppb)
Bl 4.7 724 ﬁﬁ'ﬁ?ﬁ%ﬁ%iﬁéfﬁi AR E RF
1000
Validation Test
- V=0.9591x + 4.7988
R¥=10.9996
800 —
600 —
400 —
200 —
O I I I I I I I I

0 200 400 600 800
Nitric Acid Standard Solution (ppb)

Bl 48 7 FAREELER2Z &Pk E AR

- 46 -
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4l e AR 22 0 RE (a) R M (b) ApLF A

(a) P f 12 =2 4 p4E*L (MDL)

7234 & 30 ppb IC 3 & (ppb) 7234 & 10ppb IC 3 & (ppb)
#1 32.72 #1 17.62
#2 26.55 #2 13.29
#3 29.36 #3 8.42
#4 29.14 #4 10.17
#5 27.04 #5 11.51
#6 29.37 #6 16.06
#7 27.05 #7 10.74
Stdev 213 Stdev 3.31
Sg’ 4.55 Si* 10.94
MDL 6.39 MDL 9.93
Spooled 2.78
MDL=2.681%So0ed 7.46
1.24 ppbv
s e F RE 1R 0 (PPWD = ;% ;n & : 2mL/min » PPWD ##i5 & : 5LPM >

PPWD #:#: P fF 20 4 45)
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(b) At # 12 > 2 i ##&*L (MDL)

7% & 10 ppb IC 3 & (ppb) 7234 & 10ppb IC 3 & (ppb)
#1 17.58 #1 17.31
#2 16.59 #2 17.13
#3 17.54 #3 16.79
#4 17.11 #4 16.95
#5 17.13 #5 16.89
#6 16.97 #6 17.39
#7 16.63 #7 18.01
Stdev 0.39 Stdev 0.42
Sg’ 0.15 Sx” 0.17
MDL 1.17 MDL 1.26
Spooled 0.40
MDL=2.681%So0ed 1.08
0.17 ppbv
AL F R R T R (PPWD = ;% ;n & : 2mL/min » PPWD ##i5 & : 5LPM >

PPWD #:#: P fF 20 4 45)
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43. F M2 S
AT S By N RBACE A S AR A MER (1) F FIE AR A4
FERRPMAR (2)FI* 2 PREREZRER M TE S f o A fE3 38 @

HAHECE P BRI S AL AR FRRE S o ALY A

A~

AETRFMAL RZERRE > 2N 338 P B R B S (ng/min) o G F
AL o e fER kiR R (30°C ~35C ~45C2 55C) 4o WAL
it (20.76% > wiw) & I 8% b § AR R ER (16.00% ~ 14.87% ~ 11.58% »
9.49%% 6.15% > wiw) > 1R B H)p A F TS 30T o A HAETA
RIS 75 A4 bARFMAL 2 F o2 FIP T HEFRABER (25T

30°C ~40°C ~50C% 60°C) (3: H® 25C 5 38T » ASLEE R4 #)
te A PR (28.95% 0 wiw ) AL E BIAE TR RIRPER 5 120 o480 H
* Fe %S Faontd ALl AT B 4.9 20EN40 pﬁ,arww Fag WaB TS S&
2120 Adaph 2 AEXARS B DB 40 ¢ P @ s f 4 A28 5 1115 ng/min
T (LA AL BRRLEAS FEGR )S BIRS F RS R 2 BB R 0§
Bi% i 5 E 2062 ng/min 3 L PE ST FIE F A ehgH VT d B 4105 ¥
coRl e F M A% B S 2167 ng/min T PE (L AL AR B S By ) IS
Fa mAET Y REBPEC] 0§ 2B FE 3472 ng/min 24 FF O FFRE G RS
gl d A fEF %?‘Jii'ﬁ P FpAR o R ORI RLE M R i R

bR

ﬁ’*‘l

ERETERIKE 0 A
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Permeation Rate of Acetic Acid Gas (ng/min)

1 I 1 I 1 I 1 I 1
&
. O
&
2000 — — 2000
Semi-automatic monitoring system
O 2062.73+62.31 ng/min, R.S.D.=3.02%
7 A 1115.48+32.17 ng/min, R.S.D.=2.88% B
A 553.7449.98 ng/min, R.S.D.=1.80%
O 426.79+22.23 ng/min, R.S.D.=5.21%
1 = 0,
1500 — v 277.10+30.17 ng/m¥n, R.S.D.=10.89% L 1500
[ ] 195.08+10.14 ng/min, R.S.D.=5.20%
116.09+13.05 ng/min, R.S.D.=11.24%
° 82.42+10.74 ng/min, R.S.D.=13.04%
- + 41.84+1.62 ng/min, R.S.D.=3.87% -
A VN
A A ZN A\
1000 — — 1000
A A A A A 4
500 — O — 500
v
A 4 v
v v v
[
[ ] ] u |
: !
@ [ ] hd ® ?
? + + + +
o717 717 T 717 1 v 170
0 15 30 45 60 75

Time (minute)

B 4.9 prps§ WA TR REE (075 # 48)
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3500 3500
< i "
g Semi-automatic monitoring system
© 3000 — ——@—— 3472.14+92.15 ng/min, R.S.D.=2.65% — 3000
e i ——— 2167.09+39.64 ng/min, R.S.D.=1.83% i
8 ——— 872.48+25.71 ng/min, R.S.D.=2.95%
S 2500 — —— 601.32+15.52 ng/min, R.S.D.=2.58% L 2500
'S L 2 374.62422.59 ng/min, R.S.D.=6.03%
Sl e
2
s 2000 — — 2000
Z
Y - -
o
£ 1500 — — 1500
o
- - N
=
w 1000 — — 1000
[«B]
e
S
D
o

500 500

A . g 2

I ! I ! I ' ? ¥

0 30 60 90 120
Time (minute)

B 4.10 A s 7 REAE TR BE (0-120 A 48)

44. AR NRES S
AR DAL R B A SRR R R MR I R o f MR R TE

v

»

\\\?{r

Yoy AL F WIER 5 8-183 ppby BF % - ALSJUILATER B2 R R B
Bl % 10-192 ppbv » % = #gsfeig T B2 kR 2 F B VTR F MY ARS

- SR B 0 B T AT - RO SR T 9% 11t BT i

Ao B oRaE R S E o B T A A A2 ST 0 d Bl 411 BT Sl
SRR SR A2 B A P G RTE 09930 st 2 T w8 T P
>005° R4 A 22 ARG AEEFLRN FET A RS ERFR
RoF O RERRRERE 4T o HEpRE S WITG R R AR E R R FlRfedg

LR O8I F L R ERER L TSR -
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200

CH,COOH Gas Concentration e
- - (10-190 ppbv) .
3 = 0.9605x e
o R?=0.993 4
2 160 L7
a) s
; T / g
o 7
o , s
S 120 — 4
S */
IS h J
g / [ )
) /7,
S 80— ,/
© y
C /
o y/
O . ‘/ 4
2 J/
S
O -
0 1 I 1 I 1 I 1 I 1
0 40 80 120 160 200

Gaseous.Concentration of Impinger (ppbv)
B 4011 s foig R Rl S A B R R A R R 2 e B

R ﬁF faf BUBR7E 2. = 20 TULFELA K AU e s 2 gt 2 2
Mo FR A ETEAH T AR MER FHRESFH R JIEHYAF A
WMERRZE A ANEFHRF-IIERTRAFARERS FEFICE A P4 (S

EBT B ED P RBARY - P REFHMERTS c FARFHMERS

17-170 ppbv B » 4o 4.12 #77F » % - * 53 & B * ek 2 )k B 5 12-166 ppbv >
AR RERF I AER AL A% £H AT RO S ERY

Flf AREL S - P AR YR 2RO TF AP G A RERELF
MERBE VL4 E AR5 T 5 4R AF A RERFZE A S5
ZAPMHE G 0 2] R G d S R7=0.996 0 4o i) 4.13 0 Bt Ak SRR S B § 0

Bik &+ 3T 10 ppby FF W T I R RIE A4
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Solution cocentration of 28.95% (w/w) i
. () HNO; Gas
150 —
>
fe! .
o
£
c 120 —
2
E -
]
S 90 —
(]
c
o .
O
[%2]
3 60 —
3
(U -
o
30 —
O I I I I I I I I
20 30 40 50 60
Heating Temperature (°C)
Bl 412 R RAIEA AR EGE AT o T A2 A FATF HER -
180
HNO, Gas Concentration 4
— =1 (17-170 ppbv)
> -
a v = 0.9932x
150 — \
g R’=.0.995
g -
o 120 —
o
rs) . [ )
&
= 90 —
©
s
= .
[<5]
2
@)
(%2} -
>
o
& 30
O K}
O I I I I I I I I I I
0 30 60 90 120 150 180

180

Gasoeous Concentration of PMD (ppbv)
Bl 413 53 2P HF A BEFZHRFAT R AR MER 2

e &
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A45. F W foocsk

f1* Gormley and Kenndy 2. % #8 7 £ A& 738 257 7 22K TH L
ZS5L/min> sz d e 5 170mmx75mm (LxW)> 3 Bexjcd o FFEEZ 4 mm »
%ﬁ%%%ﬁﬁ&éQHMm%w(%tT)Uﬂmmde%ﬂ’ﬁﬁ&%@
WAcasc s 0.118 cm’/sec (20°C ™ ) (Tsai et al., 2000) o % il T 4% 2 § 88 § in
BES 20-60C > JU* = i f WA G L 22 WIEpR WeA R He
A Cedicde [/~ %) 5 0.103-0.133 cm?/sec 4= 0.118-0.152 cm?/sec  ( Bennett and
Myers, 1982; Bird et al., 2002; Staudt et al., 1995) (¥ L3* % 42) éfﬁ%‘—fr;;ﬁ ES
A B TS 5 95.43-97.84% > @ HA L F B2 T H ST 5 96.97-98.70% -
HE S4B 414 277 o Flpt > 3G F g F el RAxE > 2§ Mapi i ikAs s
Bofd B 2 BB AOTF S RF MU RE T2 AT HTEARZ T FEREL
o e RE e BB RER 2R R SRS 20°C 0 HAT IR S T
BT R4 12% o AT R R AL M e ket g B - R joagiE
FAMRRfCE AT % 5 J MBS MER T - 53 8B AR A4
kil AR RS WIER F R (' d A3 1% 258 (339)
SE A AR R A RS B M R Eefond 0 A s 96.1043.14%2

100% » & & S e fasad B I A e e v iAo B 4.15(a) ~ (b)#7oT o
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Z 42 % SL/min § WEHERET BRI B

= ok on

F oo

2 R foed 0 (a) §OBEERF A (b) EBA L A -

(T :K> Dag: cm?/sec > 1 : %)

(a) 7 75 FL F MIL36 2 jorc

AT TR A G E

CH;COOH

T "Dus=fATYT)*"  m *Dus=AT/TY"” m2 > Daus=ATVT)"  n
60 0.133 98.03 0.130 97.84 0.127 97.65
55 0.129 97.79 0.126 97.62 0.124 97.45
50 0.125 97.53 0.123 97.38 0.121 97.23
45 0.121 97.24 0.120 97.12 0.118 97.00
40 0.117 96.92 0.116 96.83 0.115 96.75
35 0.114 96.57 0.113 96.52 0.113 96.48
30 ° 0.110™  96.19 0.110" 7 96.19 0.110 7  96.19
25 0.106 95.77 0.107 95.82 0.107 95.88
20 0.103 95.32 0.104 95.43 0.105 95.54

1 ¢ Staudt et al., 1995.

2 : Bird et al., 2002.

3 : Bennett and Myers, 1982.

LAY RER30C -

** 1 Gibson et al., 1997.

-55-



(b) f 4sa it f RT3 i 5

HNO;

T 'Du=fAT/TY* w *Dus=AT/TY'” 2 > Das=AT/T)" s
60 0.152 98.88 0.148 98.71 0.143 98.53
55 0.148 98.72 0.144 98.56 0.140 98.38
50 0.143 98.54 0.140 98.39 0.137 98.23
45 0.139 98.35 0.136 98.21 0.133 98.06
40 0.135 98.13 0.132 98.00 0.130 97.88
35 0.130 97.88 0.129 97.78 0.127 97.68
30 0.126 97.61 0.125 97.54 0.124 97.46
25 0.122 97.31 0.122 97.27 0.121 97.23
20" 0.118" 9697 0.118 ™ .096.97 0.118™  96.97

1 ¢ Staudt et al., 1995.

2 : Bird et al.,2002.

3 : Bennett and Myers, 1982.

#: %R 20C -

## © Tsai et al., 2000.
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Plate of Theoretical Abosorption Efficiency (%)

Absorption Efficiency (%0)
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(a)

Theoretical absorption efficiency (Gormley and Kenndy, 1949);
Reference diffusion coefficient(300C) (Gibson et al., 1997)

100

80 —

60 —

40 —

20 —

CH,COOH Gas
"1 96.10+3.14 % (Present Data)
96.82+0.93 % (Staudt et al., 1995)
| 96.75+0.83 % (Bird et al., 2002)
| 96.68+0.72 % (Bennett and Myers, 1982)
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(b)

Theoretical absorption efficiency (Gormley and Kenndy, 1949);
Reference diffusion coefficient(200C) (Tsai et al., 2000)

100 —
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>
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<

20 — HNO, Gas
I: 100 % (Present Data)
i 98.04+0.65 % (Staudt et al., 1995)
97.94+0.60 % (Bird et al., 2002)
0 "1 97.82+0.53 % (Bennett and Myers, 1982)

B 4.15 & E R % SuznF e o F AT L G T oL i o

(a) prpes W (b) Apes 4 -
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Relative Concentration (%o)
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WhOAL FISERARE RBAMARAL

A A

)

25 WHE S

Heating
Acetic Acid (a) Permeation rate Gas Concentration
Temperature
(%) ( Avg.£1SD, ng/min ) (Avg.+1SD, ppbv )
('C)
55 20.76 2062.73+62.31 106.91+3.23
45 20.76 1115.48+32.17 57.82+1.67
35 20.76 553.74+9.98 28.70+0.52
30 20.76 426.79+22.23 22.12+1.15
30 16.00 277.10£30.17 14.36£1.56
30 14.87 195:08+10.14 10.11+0.53
30 11.58 116.09+13.05 6.02+0.68
30 9.49 82.42+10.74 4.27+0.56
30 6.15 41.84+1.62 2.17+0.08
Heating
Nitric Acid (ag) Permeation rate Gas Concentration
Temperature
(%) ( Avg.£1SD, ng/min ) (Avg.+1SD, ppbv )
(C)
60 28.95 3472.14+92.15 171.26+4.54
50 28.95 2167.09+39.64 106.89+1.95
40 28.95 872.48+25.71 43.03+1.27
30 28.95 601.32+15.52 29.66+0.77
25
28.95 374.62+22.59 18.48+1.11

(room temperature)




Mt A2 FImERF HE R A R T MERE () BEEF W (b) ARG -

(a) TFTH RN A PBE e fc AT HERE

Heating Dilute X Acetic Acid ik S
PPWD v PPWDgi4ey Impingeray,.
Temperature (‘C) (99.7%) (%) (%)
55 5.0 20.76 183.80 2.56 192.33 4.43
55 5.0 20.76 183.63 12.80 183.79 0.09
55 5.0 20.76 155.04 3.31 165.74 6.45
55 5.0 20.76 109.75 1.78 99.00 -10.86
45 5.0 20.76 90.21 2.17 110.43 18.31
45 5.0 20.76 58.11 1.68 47.62 -22.03
35 5.0 20.76 47.17 1.48 53.89 12.46
35 5.0 20.76 23:80 0.54 24.72 -16.48
25 5.0 20.76 24.46 1.70 32.59 24.95
30 4.0 25.89 27.15 2.51 29.42 7.72
30 4.0 25.89 23.63 1.16 26.88 12.10
30 5.0 20.76 47.51 2.20 53.92 11.89
30 5.0 20.76 22.14 1.05 19.74 -12.14
30 6.0 17.33 20.42 0.83 25.06 18.52
30 6.0 17.33 13.02 0.58 10.08 -29.19
30 6.0 17.33 11.05 1.14 12.37 10.68
30 6.5 16.00 13.48 1.21 13.72 1.70
30 7.0 14.87 9.97 0.67 10.50 4.99
30 8.0 13.02 7.74 1.22 9.89 21.73
30 9.0 11.58 8.19 0.58 11.66 29.75

il



(b)) THIHFBAANAPRBL I AR Y AFARBEARFWERE

Heating iR ¥EA
Dilute X (70.0%)Nitric Acid(%)PPWDavs PPWDsges PMD iy
Temperature (°C ) (%)
60 3.0 28.95 171.26 4.54 166.10 -3.11
50 3.0 28.95 117.27 1.15 114.86 -2.10
50 3.0 28.95 106.89 1.95 121.15 11.77
40 3.0 28.95 42.90 1.03 42.24 -1.57
40 3.0 28.95 45.89 1.17 46.17 0.60
30 3.0 28.95 29.59 0.75 25.64 -15.44

25 3.0 28.95 17.70 1.43 12.40  -42.69

il



LR EELEE S BV M PR N T NOET TR

(a) Fppes 48

Gaseous of Acetic Acid

PPWD (ppbv) Impinger after PPWD (ppbv)  Absorption Efficiency (%)

402.56+£22.27 31.10 92.83
183.80+2.56 13.70 93.06
183.63+12.80 13.34 93.23
155.04+3.31 13.13 92.19
113.9444.17 9.88 92.02
99.42+2.31 448 95.68
95.86+3.85 302 96.95
90.21+2.17 6.19 93.57
48.12+1.71 0.92 98.13
47.51+£2.20 171 96.52
47.17+1.48 3.61 92.89
24.46+1.70 0.88 96.54
20.42+0.83 0.00 100.00
8.19+0.58 0.00 100.00
7.05+1.04 0.00 100.00
4.56+0.68 0.00 100.00
3.8340.67 0.00 100.00

Average of Absorption Efficiency ( 95 ) 96.10+3.14

v



(b) #pes 4

Gaseous of Nitric Acid

PPWD (ppbv) PMD after PPWD ( ppbv ) Absorption Efficiency (%)

117.27+1.15 0.00 100
42.90+1.03 0.00 100
29.59+0.75 0.00 100
17.70£1.43 0.00 100
13.03+0.78 0.00 100
9.03+1.12 0.00 100

Average of Absorption Efficiency ( 9% ) 100




