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A parallel plate wet denuder for gas absorption

Student : Guan-Yu Lin Advisor : Dr.Chuen-Jinn
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ABSTRACT
A high-efficiency parallel plate wet denuder (PPWD) was designed and

developed in this study in order to improve the present standard sampling method
for acidic gases from the stack: It is;also-helpful to facilitate the sampling method
and increases the sampling-accuracy. The parallel plate wet denuder is made of
two glass plates acting as ‘the .actiVe"Stirfaces for acidic gas absorption. The
scrubbing water is flowing downward along the surfaces to form water film to
absorb the gas flowing upward between the two surfaces. Each glass plate is 150
mm long, 75mm wide and the gap between the two plates is 4 mm. HF gas was

generated by the permeation tube (144-653-0050-C30, VICI, Metronics, INC.,

WA, USA) and used as the test gas with the permeation rate of 109 ng/min *

25% at 30 degree C. Deionized water was used as the scrubbing liquid at the flow
rate of 1 cc/min for each plate and the air flow rate was 5~10 L/min during the
15-minute sampling time. An lon Chromatograph was used to analyze the
samples and determined the collection efficiency of the PPWD.

Water film was found to be non-uniform even when TiO, nanoparticles were

coated on the smooth glass plates and the surfaces were irradiated with UV light.
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The gas absorption efficiency was only about 25% owing to the channeling
effect through the partially dried surfaces. If the porous glass plates were coated
with TiO, nanoparticles and irradiated with UV light, super-hydrophilicity was
found to be achieved and water film became uniform. When the HF gas flow
rate was 5 L/min, 7 L/min and 10 L/min, the gas absorption efficiency was
105.36% =+ 9.06%, 96.76% + 1.57% and 90.33% =+ 4.63%, respectively. The

experimental data also matched with the theoretical values very well.

Key words: wet denuder, air sampling, air pollution control
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BT L BREAG - TP T ARBRAS EREJTURI N EF T 0P @
FEEFL O B AR 210 BT 7 BARAFET- N g AL
300mm ~ % 57mm > F & A & 220mm ~ F 13mm ° Bl3EF 4 5 1.0ppmv SO, >
e E 5 1.0-2.0 SLPMeorx4z;% % 5mM H,0,2 5mM H,O,+5mM NaOH- /i & 5 500
wL/min o F % %% 87 § 5tk i 5SmM Hy,Opt5mM NaOHPF e T 5 48 2x 5 fi

s F MR 5 LTLPMPS o $25S0,4 M2 s e 7 iE 99%(®) 2.11) »
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SPER TP AT A BBIIR -

FERGEHN LA BT R BTN FRY EATERTIZ RN A
BHE R ARG BRIEASLL 43 0] T RBHA S R E . T
AEE BN S AR T BCTIO » 3 & UV BB S L FALA 3 ALK

E R A G BIRGTE o

23 AR KB RR

2 TIOR R LT # ke Bidchig * i g M KB2 e FUE I HE
* gt o Wangetal (1997) 2t %3] i Lo gt - FTIOE W LA R
BUVET > k& g hiff & 5 72°+1° > @ BEUVER > k& &6 B & 5
0°+£1° > ¥ H WM ks 8 ki@ L g4+ @ B o Fujishima et al.(2000) ?1*%“ #I o
FUVA R ATIONNN WA G BO ¢ pa 23 A4 232 FH 23TV RR 5
T > @ T 0T F L 50,8 LEFRGPRFA L - BF 28 kAT ERE
WE 2 EF A ROHA » 4o s T R 5B M 4 6 o F S4B 2.11

Wark et al. (2005) 1 * TiOsa A Mol @l & #-k &> 2 2 2 .41 * TTIP
(Titanium tetraisopropoxide) i & A= i¢ 4= F » | * /A %2 2 3 F4&ER 33 4
oA — B LR eATIONE B 48R R 5 500°C 0 S UV B &8s o] pFig -k
BTG R A <S5 R AA Rk P B 4e 2 5 38397 o

TR A SR L E B PR SR IR T A7 MUK #F H ehpF > Machida et al. (1999)

% Guan et al. (2003)4 %41 * 7 [t 454 %?@1% TiO,-Si0, & ¥ » ZF IR g UV sk
FBETT ¥ 5 T A AT MR 2 PER 0 AR R AE 24 A1 o BEBF A
TiOy+ SiOyi% % % 5 m Sgpdr AT L& i Wt i K PR ST H AT R4 R

F o
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221 TXEMULETF A EHI2 2R | > TR LY > AR 88

E40 TpBIHETH

R BB § AW

L3R BN T < 3 95%
SRR ERE RS 3 N
0.6kg/hr °

FLk

PR R A KT 95% % 1 i
¥ &) 0.1kg/hr o

%222 THAXSGRTF AR (kg > AF 90 #)

P fE g g R E O AR
i F 1 4(S0O,) 650ppm 0.3ppm
FrfL it i (HoSOy) 200mg/Nm’ 50mg/Nm’
% 1* Z (HC)) 80ppm or 1.8kg/hr 12 0.1ppm

L WE LY - GE2 R
# # (NHy) ’ ' Ippm

3 895 a,=4.3%10™

11




223 TG HAE AR B ETF R F H 2 EOREE | (FRAkE

5 A®95 &)
@& BAF BASE B ESE T 2 P | B it 85% 0 AT
2k B < Y 3ppm g o] >t 0.1kg/hre
B B RILR K gL 2 | e i T5% 0 2F
2k B -] 3ppm g o] >t 0.1kg/hre
B B F R RIE A 2 | dZn K i 85% 0 AL
2k B < Y 3ppm g o] >t 0.2kg/hre
BEF B LR BRI L P | kS T5% 0 2 E
2k R |3 3ppm P g g o] >t 0.2kg/hre
% 2.4  TiO,-SiO, & #z_ 4z M. K t41¢ & ( Machida et al. (1999); Guan et al. (2003))
T BRPH B #Si0, B UV ks -k Pkl Rl
7% S S &
Machida et al. TiO; sol. PRt 24 ARE 24 )
(1999) + 15% 2R E T PR E
SiO; sol. 0° <5°
Guan et al. TEOS it Pz %Rk 24 ]
(2003) - 40% EE L/ Pz g &
TBOT 3° 6°
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'.l#ll T T T " = T L
o 100 HNO, 4 e 100F HOl -
R e = —a—- — -
o | - (] L
£ aop il { & w} Y ]
2 = s
...E -_—
E Aot i E BOL ]
F :
= Tk . = ThF -
8 | F = a
gl L L BOL 1 1 L
0 2 q a 2 4
time, hr time, hr
(c) (d)
L] ¥ T ¥ T T
e 100F - —— HF 4 o 100F m”“ﬂ 1
- L — — -|-_ - l"!.
gk I b =2 --
s | 1 2% ]
s = | 1
B0k d =
IE I:I- E ﬂ-ﬂ -
2 7 g
E 187" l
(o )
EE- & i 1 5
m 5 1 L i
0 2 . 4 0 P 4
tirme, hr time, fe

Bl 2.1 # R qorcd o w0 (a)pl g(b)gﬁﬁ; (QEF AR (DA F @ Kk
Svrtpiahz 5V &R O e 3%mpsz 502 R PR EZ > AL
Sofcigiz (Rl()~c) - @ ficd%RiFpL 53 &2H% O

53 4% % > A fzFgz (Bl(d))(Tsaietal., 2001b) -

£ 2% A 2
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Removal efficiency(%a)

--D----D* 1'I=GI:IDD
O o

0
O mearsured data
regression line
= = a0% confident interval
0 = | i i i
0 1000 2000 3000 4000 3

Inlet concentration (ug m™)

%Zﬂﬁé%ﬁ$%@?%ﬁﬂﬁﬁﬂma&J%$o
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L« Airin

Membrane

Air in Solution
] i
Solution
[T out
i i Membrane
Solution L .

. > — | | A f «——

i O
Air out Solution

B 2.3 RN EF 2

out
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*: R
fuge
T~ ¥
\ e
R
&% 38 e 3
(. wa T3
-1 #f ®
]
———
L
| |
N,
=R =0
1 S
o

TSR
i
T
L//
]
e
I 1%
J_AJ_
7
&
1 RE

— =
/T‘é’g‘g’\ .7} ﬁi/
; 5
. /L’fa
R

R EW

5 3T *hg
o F
d BT R
- 4 e - TR
F e A A
N2 ::'" r’

() (d)

24 @S P AF A RETLF - (2) RHELF > (b) RAps: H5F 0 (0)
e FaEg o (DR E M B4 22Si0,2 [F] ¢ (Simon et al., 1991)
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(%

T4 R
|1 @

Bl 25 THNBAFEG - HETLR > A d FHLSZF PRIzt G

(Simon and Dasgupta, 1993) -
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Efficiency

PPD-2

=l=Ty I .

(X0 Experimental Data
| —_ Best Fit to Eq. 2
— - Theorsfical fit to Eg. 2

Collection

QOO0 Experimental Doto
—__ [Best Fit to Eg. 2
- — Thaaretica! fit ta Ea 2

10 12

T IRERERRARS S sy T |
n 5 10 18

~ fhd

wn-
=

Bl 26 THENBNAFARELD B F BT T 2§ WMo FREF WA

SO, » PPDI:% fc % & % : 36mmi> & : 300fam > PPD2:s e % & % : 50mm » &
300mm - - (= E5)
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1.10 —

1.00 —
=
= -
£
L
o
iy
L 090 —
K=
k3
@
E —
[
0.80 —
0.70 T ] T I T | T |

0 400 8OO 1200 1600
Air Sampling Rate, SCCM

= -

Bl 27 THFBNHFARBES B F M ET 2§ Moo o RS H

7]

SO, m& WK 5 @ » IR fa“? %&E(Dasgupta etal., 1999) -
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|

SN

Pt

D>=i

#

it R \

4

ARl

T g
T
< |

- R
T 45

.1@ \J

iR 0
Ao €

B 2.8 TR FHF A B ET LB 0 R R g 5 (hydrophilic polyester

screen) i 7 v fc & o KB~iv = § it # 2_ % Ex(Rosman et al., 2001) o
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SR
o oo ol |o oJLo o N
/\ “fé'gﬁ‘a_‘/'
(@) (@) (@) O X Hg 3E
O o| |o o)
O o| |o o e
R
o o| |o o
O o| |o o)
o o| |o 0
O o| |o 0
0 o| |o 0
o U ol |o o)
O 0 0 O o 01(0 o _ /il”é%%":",f‘
3 R AR R H\sngar
iE‘ 7 —~

Bl 2.9 @8 BN E B 4 8% 7 1 Fl(Dasgupta et al., 2004)
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0.98 —
0.96 —
0.94 —

Z

E —

E 0.92 —

c 0.9

= .

E 0.88 —

9 S

& O 3 5 mM HO,

® ® ®5mMH0O,+5mMMNaOH
————— Ideal collection efficiency curve

cmils
20 24 28 32 36 40
I I T AT N S ST R
I ! [ ' I ' | T | T | L
1 1.2 1.4 1.6 1.8 2
sSLPM
Air Flow Rate

Bl 2.10 FW RN TR HF ARRE L ARG W E T 2§ Mo d o RIS
£ 5 SO, OivTik 5 SmM Hy,0,2- 4 2% 2 @7 {Ti% 5 SmM H,0, +5mM NaOH

2_R B E 0 -1 Bkt e (Dasgupta et al., 2004) -
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e + Tit'— TiF
4h" 20— O,

HH"

_>
1 1 1 1 1 1

uv +* Dark +*

M M
1 1 1 / / _
1 1 1

Hydrophilic

B 2.11 % ¢b sk @ TiO, % B4 K+ 2_ 1% 4 (Fujishima et al., 2000)
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31 THEBRNEF ARBLR

31 Fems
AT RN H G A B E 2 1245 Gormley and kennedy (1949)2  #8 % 532

7%
Git A BT B TS A AT 2 2R fc o BIF AP E G IR EG

ETIRS

SR T

P=1-2964""+04y  for u<0.005 (3.1)
P =0.91exp(-7.541)+0.0531exp(—85.7x)  for u>0.005 (3.2)
H
DLn" W
H=— (3.3)
Qh

DifHHictE LatElonalFa WiTETAR QHFIT
£ hiTHEFIE-

F¥ 2 FRBACAET T A o R
1. Fuller’s equ. (Bennett and Myers, 1982):
CIx107T (1M )+ (1/M)]?

f) )T

PP 2ZTRRE PERA > MA-MgrA-BZAFE rviz fA07 ZRFH

(3.4)

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

L
MA I\/IB
D, =0.0018583

2 (3.5

Po g QDAB

24



NYTERRE PLEERA S MA-MgiA-BZ 23 & soppgn & F i B /5

Qpap & kT/eap2. i dic » eap=(eaxep)'” » e/kE G 5 A F [ foiy chd B o

AF Bz 3 SlcdeT

D (HF) =0.2072 cm*/sec

L=15cm

n’=1

W=7.5 cm

Q=5 L/min~10 L/min

h=0.4cm

Bt bz SHF M NGB R L Bk B AR B AoR] 3.1 4T 0§ F MR
£ 5 5L/min~7 L/min~ 10 L/min'f¥ > H ¥ 35w jesed 5 99.5% ~97.89% ~ 93.48% >

HPE2%a820) Q)% ko

312 FTHNBSAEF AT 4
T e RN H F 4 R ek 3 % %4 Rosman et al. (2001)#73 11 2. & E > o
Bl 32977 > RHACE 33 9770 o3 F T4d B4 HRHS 0 AL 25 cm>
THEMH & 4mme s T4 4% 2 aaniTskdg & > T Fsilicone™ 7 ki F &
et 5T FARBER SR E UL G 5 1125em’e & By T4 g
~ & TiO, i WEs BB UV L 3 4c 2 6 R HE » TiO % 2B AT 4o
1. P~0.5g TiOy¥ % (P25, Degussa) ¥ 345 @ > £ 4c » 50mldg -k » gk
P10 ~ 48 o
2. HTIONE » BT 4 5 > 5 30 A 48 o
3. BB BEFEIRFERY 300 CEKE2 ) LFENZT RS
gt T @ - R R B 2 TIOp s A 7 Ui F iy 4
B0 A EORE o Mnd? % A gk I 4E U Silicone F # AR LA E L o T AL BE
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DR U gk - R BRI R § AR RIS S

BACTHEBRIGE G 0 2B EHD 25 g R AIEE TS e E ke )

B o

3.2 QA/QC

32,1 #%Em
EAFTHRET  ZRIBEANAIESERNTE RS2 ER T E R
TRZEAFEF > 27 RERERZ B RA NI RR o RERZ 2 GF
HHE A200995 P ZREREMY I- EREFRERERR SR -
~F %2 IC 3+ & 47 & (ion chromatography)£_# * Dionex = # 557 Model 120

EiETHREA T 0 i 3+ ¥ 45 TonRac AS12A -

322 i pme
R R T2 4B B 2 2 (NIEA-PAL07) > ¥ 3% 8 5

LI

AP SRz R
Flr R R BERRSE AT R A

o

i) 8 2. MDL (& ¥ % ¢ = 2. MDL i&

G ARREL 3 BREHL(S)TAMDLE - 55 - HAEMDLE 7 £

WEFE I HI s B E DT - S o #a SRR A T (Sy) 0 fo) b

WA (Sph) » T B MFE » FFE <3050 BT 1T T A8 E MK R RE

% (Pooled standard deviation > S,oelca):

6525 +65% |
S — |22 ATPO B 3.6
pooled |: 12 :| ( )
B DSBS 0 ¥ FMDLE

MDL = 2.681x S 0.1 (3.7)
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323 Z 6 H&EA
ZOREAITE RBEFEINEERD > R PREREREZFF EE DR

'L o

AN

PR EFEAS s o I I5co 23 T RE B 25 A4 R fsE I
FIC Ak HEZENDEA VB4R h ke THENBNFAFARET

F1 2 Ik B OIS 2 PR E L IC 24720 0 §F inik 30~60 4 4 e

33 $3CAE Y G MBS 2
B EF A EACR 3377 0 B E L TR R TR
%2 2 (NIEA A452.70B) » $R k> 2 f§ i 40T
B EERE w2 7f Tk
Heb 3 g p R MR FALY o JIF A BT KB 02 4 F BaRIRT iR
T 15 24> AT EAR 455 o ik {8 £ B 15cc 2 4 H+ ok
EHTEP TR ICHS EATERAITEPR > 26 E&JF 5 ND. o

%
BB AL 2R3 RAAF R ITF R 30min 0 €47 0 T gl

2. Fiv&p Tt
12 3%2 NayCOsa e % Ec 53V £ P R A pAMF BB Y 11 2%2 RIFFLZ
&

ﬁﬁﬁiﬂﬁﬁ?ﬁ%§§°%@%ﬁ@%@@i%ﬁﬂfﬁ?%§?“~

2T E AR ERER AT g e
3. RS ARYAFARBEERILTT BB TR

4. FHFER LG B 5L

[

B8 2o~ MR FFLY 0 4er 30ml 2 g3 ok B
0.2atm % & T & A2 F ik B 30minc BF 2B BF1* Jec 2 £ FRIE R

o E AT IC & kR A -
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34 THFFURNEF A BRE 2P
341 BBEWIARERATLREE FRD

AR %A * 2% ¢ (VICI Metronics, Inc.)#7/% % 1 2. HF iF 5 %% 5 483233
B AT L

HF Wafer device, Type 30T3

P/N:144-533-0040-C30

Cert @ 30deg C + 5% accuracy

Permeation rate:109 ng/min + 25%

Length: 4.6cm, Dia:1.6cm

bt BEE R OYAORRP 0 T OORERADENTER > RS
PR R A ¢ 1 - FLAE 3 AAce &0 AR B

GREL o ARG A I EB L EF A AR (Tsaietal, 2001):8 7k B /g3 > &

1v
mf
e
(g
(\x

o3

B F RSO P e EEE 0 @Sk AR B 3.4 T

342, F Mo oiF sk
‘T‘W’\:}in i z“'f ’%—I’kﬁ_.}\/ﬂ \r‘];}.&é}g’_ﬁﬁ_ ?’?ggﬁ“:ﬁ‘.“l;%k

FWMAE2 EET > BEARMF MR T R ARACR 3.4 7T o

[a—

# A
AR RSET F R RATF 0 ISR A TH U F-
3% G F Mo o 7 A F F (Nitrogen gas)in 16 d = i R(VD)H#-H » 53§ §

<

o = F o T L A F Q) Sd B2 #24] B (Mass flow controller, MKS)

DA T Ay B i ~ B R %2 %5 ¥ (Permeation tube and Oven)® 2 # &4
FM T - F TR AR Q) I TR R B g e

THARE F AR S TR kR o e R R R F e 2T R(V3) 0 £
AEAdE U - EF s THENRNAF A BB § BT E F %R

28



Py - ﬁxﬂ‘-% ;ZL$)§1 rd]*']‘e Q%ﬁzgkﬂ»m*ﬁr"/ié)i/?lpéﬂ *ﬂ«g‘f{j 37 e R
T2LERREFHR - THFNENAFAPRELE L RE- 2R
ESRIRD A

OESE AR 2
T o

2. Ry

Bl BAmA R Ao fupine o AP kA% 428k (T4 sz » PH=T.0 -

B3 13 23t B B ¥ P (scrubber solution container) I I * § F R RER A o %
feiier i s

Ice/min s o f'l'ﬁ!g ﬁ_g/n ';%% (V4)/n » L *F

BN TEF AR o v
JoiREr A BT EES U ARET S 0 LI F R R R Es ) Td
IC & 477 %8 ER o
343 2o A T
* 7 %41 * Dionex =

2 Model 120 38 (Fpe 4 7 WA 47 > B3+ BT E 15
IonPac AS12A > iwixe% & 2. 7mMNa,€CO3+0.3mM NaHCO; »

ERCESE-E- S S T
AREREARLRSER TR LfF i EkRE £ 2 0.995 ¢

344 FHEER2 HE

AR FWSATERFE A 50 BI%A
FHS TERZ T

1. %3

53t

J’E&?ﬂ\r‘];lgéa\

& 5 AF A 4 E(PMD)
® BRI E

F Ak S AT
PR AR T ERR

PR ESRESE S AR S B AR
(1) #VICI2 P %% 4 2 # W% 5@ Fm; (ng/min)F » 3%(3.8)>
3 F ¢ kARG, (ng/m):

THRELFMA

m, x107°
Q, x107°

g =

29



(3.8)
sue o

C, (ng/m’) 52 5 48 &

TRk

m; (ng/min) % % § 2 RS %

Q. (Vmin) : #% 5 WE
Qq (Vmin) = 1§ 5 4

Ik

Q¢ (Vmin) (Qct Qq) : &5 #7

(2)

(3.9)

Cipmp (ng/l) : 1%
Cy (ng/m’) : &3 5 48 &

Qspmp (I/min) @ $x %2 F 187

t (min) : X $% PF
V({I): ik

2. FHENBIAFEFAREF WA S

(1) #VICI2 @ %35 F 2 § 4

7§ 7 kR C, (ug/md):
m, x107°

¢ Q, x107°
g

ZEPERF ~N(B9) v

I EK P EEASE 2

r5 EL
n- B

2Rk SERESE
T F RR
T s

L] .
_E'_\:'Er‘

%3 Fm; (ng/min)F ~ 38(3.8) F HE 5

(3.8)
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Co(pgm’): HhEF M F ¢ kR
m; (ng/min) : $F 2 5 EE 5

Q. (Vmin) : 3% 5 W

Qs (Vmin) : 18§ # &

Q: (Vmin) (Qct Qq) : S5 #inE

(2) BEEFHAETF P EREAT »FNG1O)T FI ) * THEBNHG AR E
2LV S P S

Cg X Qg,PPWD

QI,PPWD

(3.10)

CI,PPWD =
J7\: v

Cippwp (Mg/m) ’f | # 'I*E L 3 rj;f’ A’\‘%ﬁ:e’g*ﬂ‘ﬁimrlgiui’%ﬁ’l’iwzﬁ%fﬁ«;pm

7L
B

Cy (ng/m’) : 3 5 48 & 2 5 ¢ RE
Qgppwp (Umin) : § WHEHE T

Quppwp (I/min) @ F 3T R i £

3. THEVBRNEF AR F Moy
(1) Ceprwp(ug/m’) s 1% T4 3RS AF AR BHRFETILFMEF 7 kR
Corvp (ng/m) 3 F17 57 £ ¥ AF A AL EH T W F 0 ik -

B et S RS A AR EF A O - et (B

Cg,PPWD

x100% (3.11)

g,PMD

gPPWD(Hg/m ¥ od N3 E
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C xQ
Coprun = I,PPWD " ¢1,PPWD o
Qq.ppwp

2\ g
Cg,PPWD(Mg/m3) L T EARAE AR FHTF Y A
Curpwp (g/m’) : 17 48 5% B30 FLF A 4 B4R BT 19 2 R iR Sk R
Qgrewp (/min) : # R E

Quepwp (/min) @ F s jTiZ in &
Copp(pg/m’)™ § 5(3.13)3 5 ) -

Cipvp (g/l) s 1% 53 296 5 F 5 » HEHRERTT 2 RMERSER
Copwp (Hg/m): I 53 & BV Hf AR BHETFLFHLF 7 R
Qspvp (Umin) : FH¥x2 § $/n £

t (min) : & FF R

V() FE-ir
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Gas absorption efficiency(%b)

100

96 —

92 —

88 —

84 —

— Hinds, 1999

80

' | ' | ' |
4 6 8
Air flow rate (L/min)

B 3.1 # Hx forc 3 1% & (Hinds, 1999)
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4 mm

TR

Bz e B ;75 mm

AR

-1 L

i
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A

AR
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B33 TR HF A RE
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Qs

Annular denuder

Air pump Rotameter

r
MKS four channel readout
S PPD
88
oeloglogeiogd © Scrubber solution Nitrogen
I/ container gas
|
_____________ |
Nitrogen gas i
Vi B @ o,V !
ol Peristaltic pump

o Permeation tube and ov%n

Mass flow controller Scrubber solution

L. container
impinger

B 35 # BBt E B A B
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Fr g BEEHH
41  QA/QC 23 =
411 Bz E B
NP ST 2 R L B o P (Merk Taiwan, Ltd.)2 £33 £ 8#4 7% > F
JER S 99982 mg/L e fIF BRI E T B kB R R ¥ R SOk B S
Fp A ARSER  JITICA T2 T R SR AN R TR o 247 B
deBl 41 95T 0 AP SRR 41 Bl429 7 2 e E BT RE - KRESR

2. ¢ BEREFTRERNZFER > LS R4rd 42 957 o

4.1.2 2 E PRI E 2 B
AR A 2 0 RERIY 2 A % L w5 o 2 (Merk Taiwan, Ltd.) 2 12 3¢
FHEER R FER 5 99942me/L ofistiliE B 5 Sug/L > = i 8 pE 2 FEnpe

BER FH L Sug/L #1222 PR E L6Tug/L - 7 3% % % 4ok 43 917 o

4.2 BTk EACH &GO E R R
AT R \r]*?‘”\é}ﬁ“g LRI iR B PRI P A S AT

kS FEACHI G 0PI AL BRPOF F ReniR o T AP Sl & ERIET
FPRBRAEFARBZ SR TR A B F IR T HEICEFIR . F i ARAICR 4.3
AR~ FWAOFERT o I o 0 VRIE 15 mini {8 T B T

A
Yo g £ T2 B 5 Wos 21818 7 Rt ag 87 & 15 minfs Pl € TR

m;’é_‘_:% s B iR 2 fﬁéWl ’ j"\z—Wo-ng"'? #F ""1»”]{/1’5 ‘-’r’i n{& ° ‘:/"I{ni’ - “;Ei w01
Limin> BIEFHZBHR: > HE 5 SL/min~10L/min> % & 5 4/ & 2 &

A R RSB T kLot 445 F WA E S 5 Limin~ 7

L/min~8 L/min~ 10 L/minp¥ > # ;% 48 Z%c £ A % 5 0.53 cm’~0.635 cm’~ 0.53 cm’

3 = o N o 2 , - oo — 2 2z
0.655cm™ > B SR NZEIE AP FF A ETZ AP EOE o P FiE S

d (O



W 1% > {3 F B Oy kS

-
ﬂm
ok
/\N

Rpen B R ()T A1 R A SR OB TR () REREQN 2
I G ARG E N B R L AR BN RS A AT A
TR R R BT EBE A R AR5 O I K R B 4w
J kST ) R B - T 3G 9 TR LR F R BBt
B G 2 R R R d I R D B T R R T S R

BRI ORFTER({) SRR 5 leo/min ~ BIFHF % fF 5 7.5cmx15cm >

1(cc/ min) x t(s) x (610)

H= (4.1)
7.5(cm)x15(cm)

YR RS RAcR 45 9Tn 0 AR TERF L 2697124 (f) © Flt

1% X417 ET 30 A B 5039.06+3.56um o

43 HEFHEIREA L HiCESF R
ARmRF VICI 272 35% A2 s aiEEF W 230CT %@ F3
LR ARTAFT AL - URR DR F

109 ng/min £25% - F]% & ¢ 7 - BIET
W eI pRRGIC)ZZFEAALT > R APFTELIALEFEIOC FIFE-

~

EF R R FRACE FRE Y RS HHICE FEARD > L AT DT
ERT2ZECER P ETHENBNEF AR B FECF 0 RA DKo
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%41 F2ZiERZ P G
b F, ng/L
HER 0 10 30 60 80
0 B o 0.9957
£ 4 y=893.03+6931.7
% 4.2 % E N2 IR
E S o ek R (pg/L) | A4k R (pg/L) | ¥HHL (%)
24 22.47 6.38%
TS AT 24 22.55 6.04%
EAF A 4T 2 24 23.00 4.35%
30 29.48 1.72%
A AT 1 30 30.08 0.27%
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% 43

-

GRERT R AN

= ¥ pe ik R = ¥ pe ik R
5 ng/L 5 ng/L
1 6.16 1 8.13
2 6.26 2 6.22
3 5.31 3 6.31
4 7.49 4 7.43
5 6.96 5 6.93
6 4.47 6 7.80
7 5.67 7 6.12
SD 0.73 SD 0.49
MDL 2.19 MDL 2.44
F 1.23
Spooled 0.77
MDL 2.08
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f:]i: ’Eg /7::‘- 'E‘ A :’T\- 24 :’T\'

- T4 B
(L/min) [RIEF £ E(Q|RF L E(g) £ E(g)

0 31.0 31.7 31.4
S 30.4 31.2 30.8
7 30.7 30.7 30.7
8 30.6 31.0 30.8
10 30.1 30.2 30.2
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'R T A G2 RYETRERLES

%45 3 jTiR b3
;J’L

STk e d

BB T LG22 BFERF (s)

26.21 26.06 26.45 25.08
26.12 24.51 30.16 31.27
25.45 27.84 30.35 22.70
27.27 26.99 27.16 28.94
27.23 30.30 22.39 26.97
T RER (s) 26.97
T i A 2.4
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246 REFHTIRERT 2

PAE F

HF=109ng/min
30.1~30.5°C | peak area | ppbyw ug/m’ ng/min _|difference(%)
st ® Sl/min | 32443 |28.53836 | 11.415346 | 114.1535 4.51
32408 | 28.49921 | 11.399685 | 113.9968 4.38
average 114.08 4.66
32.1~32.5°C | 34125 30.42 12.168 121.68 10.42
st 2 Sl/min | 33723 29.97 11.988 119.88 9.08
average 120.78 10.81
33.1~33.5°C | 34582 30.93 12.372 123.72 11.90
s & SlU/min | 34600 30.95 12.38 123.8 11.95
average 123.76 13.54
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F- standard sample overlab plot
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permeation rate (ng/min)
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