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Modification of Molecular Sieves to Enhance the

Ammonia Adsorption

Student: Cheng-Kuang Chang Advisor: Dr. Hsunling Bai

Institute of Environmental Engineering

National Chiao Tung University

ABSTRACT

Ammonia is one of the airborne molecular contaminants in the
semiconductor industries and optoelectronic industries that causes product
yield to decrease. To avoid this, the semiconductor industries usually use
chemical filters to remove AMCs from the clean room environment. This study
intends to use different kinds of molecular sieves modified by copper and citric
acid to increase the amount of ammonia adsorption on the adsorbent. The
influences of different inlet relative humidity and concentration of ammonia to
removal efficiency are studied.

The experimental results :shows that the removal efficiency of ammonia
achieved optimum when Si/Al ratio of MCM-41 was 50. Compared with
different kinds of molecular sieves, Y™ zeolite has the best adsorption
capacity ,which followed by ZSM-5 and AI-MCM-41(50). It is also found that
Si-MCM-41 and MSP are inferior to others because of their fewer surface
functional groups. It shows that when modified with copper and citric acid
separately, the removal efficiency for ammonia is increased. The optimal
ammonia removal efficiency was achieved by impregnating the
copper-modified molecular sieves with 0.05M cupric nitrate. Similar results
were reached by using the ion exchange method. The best ammonia removal
efficiency for citric acid-modified molecular sieves was also reached by
dipping with 0.05M citric acid. Besides, the results indicated that decreasing
inlet concentration or relative humidity leads to lower removal efficiency.

Keywords: Ammonia, molecular sieve, adsorption, airborne

molecular contaminants, copper, citric acid
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TERE R

% 2-1 2 WARk B 2 AMC k& B2 4 (ITRS, 2006)

2003 2004 2005 2006 2007 2008 2009 2013 2015 2018
A H(nm) 107 90 80 70 65 57 50 32 25 18
PR B AR -4k 750 750 750 <750 <750 <750 <750 <250 <250 <250
(as amine, NH3)
Wil Ae-£ % 0.15 0.1 0.1 0.07 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07
(as Cu)
W@ 4z-5 4 80 70 60 60 50 50 50 30 30 20
(as » + & =250
Contact Bl #2-f& 10 10 10 <10 <10 <10 <10 <10 <10 <10
(as Cl)
Contact % #2-#& 12 10 8 4 <4 <4 <4 <4 <4 <4

(as NH3)

(H = : pptM)
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Bl 2-2 (a) ZSM-5 3| 7 F 2 “‘H#Fﬁfl (Kokotailo et al., 1978)

(b)Y A #* 7 # % %1 B (Freietal., 1996)
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MR &R b r RN MCMA41 e ST e B HER S e
Parvulescu and Su (1999) % & ~2%2 Fe~Co~Ni B
MCM-41 ¢ # 3+ =% > 34 H @ F 2 E - MCM-414 & 5 Si
AL 4§ E R Al GRS G A R G S A
Kimetal. (1999) % 45 41 § MCM-41%427 4 » Al P> Al § 25 R
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Jof A B B MCM-AL? S 4800 § 30588 ook 2 3
1 Zhao and Lu (1998) 43 ! » 55 eMCM-41 4 gi kit + @

% 7 4BV (SIAL)AX K pF > MCM-414 o chph 2 fh € 3 4c > @ 2 450 K
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ﬂﬂ - L LN T : -1"!\-.1".
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Tehrani and Salari (2005) #-% 287 7 536 % o)k B 2 Fifc ~ AV R
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# 22 M e R RS PRAR T R A 2 AP v R I

Chemicals f Initial Amount
Material cicals 1ot Pollutant Conc. adsorbed References

Modification
(ppm)  (mg/g)
Tehrani and
Natural Zeolite H,SO4 ~ HC1 NH; - - Salari
(2005)
. Ciahotny et al.
Natural Zeolite ~ HNO;~H,SO4~HCI NH; 500 31
(2006)
. Guo and Lua
Activated carbon H,S0, NH; 1000 79
(1999)
Lee and
Activated carbon H;PO, NH; 90000 181 Reucroft
(1999)
) Hiroshi et al.
Activated carbon NaOH -~ Na,CO; H,S - -
(1998)
. NaOH -~ Na,COs ~ .
Activated carbon H,S - - #R(1990)

KOH ~ K,CO3

Chemical filter HNO; ~ HCI NH; 10 8 ¥ (2005)
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dRATEG AR AR D R AR R
(S/Al)snt i > - R B/ B EERAL L JI* B iE > FIZ ¢
ABHRBEOLLIRE BT E H e FER BT IR LE (X,
1989) & * K F A £ e 2> - & F 4 e ~EDTA 20 % 600°C
T EFORKE SR ERF 2 8d LY 2 SiBE
FAT P 740 Z S 4R T gk o Niwaetal. (2006) 45 11> 54 EDTA
Fd2ts e USY i %0 5 F 229 9 cn? L #7345k A - Fan et al. (2006) R
A -ZSM-5 7 7 R AR BRI T B3 K e 480 C R E

FRIFH S BRI T R R B BB T RMASET 4

-~

R AR AW R M S RS AR Rk {5 8
¥ - Yanetal. (2003) & * ' pafod e k g2 USY # 7 10 5|3 45en
»z% o ¥ ¢k > Stachetal. (1986) #% 3| » S5d #F &t K2 » 4 71U
F 2 4pit o om k¥ e 2R EKFEIE - USY (ultrastable Y) i 7
» FEd pt 3 k. g4 H P 4R ‘..-’]“%"_ falt ih— #87* % o Liu and Yan
(2001) # USY i 7 1L pFft ~ RIFMACL kB H 3Lk | » F T
el R E R ERILNAE o e ¢ VRS R g o
g Mp AR ARG D PR R € G eI R o T B 2 7@?&??/%

i 2-3;
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F 23 T AR 2 APRE © R R

Type of  Chemicals for Treatment Treatment
. . . References
Zeolite modification Method Effect
) ) Yan et al.
USY H,C,04 ~ HNO3 Impregnation Dealuminum
(2003)
Impregnation ~ Ion Strong Niwa et al.
USYy EDTA .
exchange Bronsted acid (2006)
Stron Fan et al.
HZSM-5 H,SO4 ~ CeH705 Impregnation . 'g
acid site (2006)
F Stron Fan et al.
HZSM-5  Hydrothermal 480°C vapor TOng
acid site (2006)
o ) Stach et al.
NH4-Y Hydrothermal 600 C vapor Dealuminum
(1986)
o 5 . ) Yin et al.
NH4-Y Calcination 4507C calcinated  Dealuminum
(1996)
Natural Large pore Lee et al.
. HCl1 ~ NaOH Ion exchange seP
zeolite volume (1996)
. Large pore Lapkin et al.
SBA-15 PTA Impregnation

volume (2003)
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Tl

242 & B B E LY

2421 £ By B iz

/% ( impregnation )

N
e
W

- EBE RN ABF Y 2]

fr#g+ 2 # % (ion-exchange ) °

(1) 7% 7% (impregnation ) :

kAR R LA SR

MERRE - TR 4B

e

Baek et al. (2004) & * @ixi% »
ar U EETE R OPT

Zd LR LS £ BHEFH

B L 4RES "f AR o

(2)3r+ = $%;* (ion-exchange ) :

ﬁ/ﬂ'——i' »Lalﬁ'/z ;‘4:123-;}72 ‘_".g, }i kK

Pinna (1998)4 1 §* 48 A plit /i T > &5 ¢ & & T A R4

FoARE s hdgB AT > Ao § RN A ¥ f T RHHE &S .
7 i7 2L ZPC

F R fAELE- BETHOpHET €2 F 2 L pHEFHZ T

(zero point of charge) °
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Pinna (1998)% 7+ F ~ # 2. % it 4= 2 7 4§ it 2. ZPC & %
Kenio S 224 7§ 5 S S cho Br S e k- T E 2
FENERBARTIONEE - NER D EFPEF 24 F - Ohman
etal. (2002) 4p i - AL PFR - T ERRY S LR -
MR S U BT R IREIRE Y At w0 E ALY
Mk g o 2 R Eip e kA Bfe £ 4OERT AR AL A &

+

L e B R -

(3)iF & < # (overexchange) :

Iwamoto et al. (1989) g L% 3| T ZSM-5 #* 7 &2 i Rkt 7 £ 4
B M F B R AT LR MET IS ZSMES A L b pE o A L 2 A
g RS > AT R E L S AR RN
5o

F

Gervasini et al. (2000) R * 7 AZiE 8+ LR E kR E
Fadf » 21 ZSM-5 & 2335 L2 F iR > 0 ~ 4RUEZ B o 4 13
VAL R R AR T LA R R edr e 2 2
Ohman et al. (2002) #-Ze R d 24 3 72 [ 5> BB IER (5

FIERA 4 4 ZSM5S A T b g BAREE i k2 B oo
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2422 & BB BHRAHRY WL F AP ALY

&R R

£ 2-4 it & B RASLE F 5 A S 2 A0 M 2

O

3

CEF AN ASL e 24 4

Treatment Initial ~ Amount
reatmen
Supporter  Pollutant Method Metals Conc. adsorbed  References
(ppm)  (mg/g)
Repeat i H d
Yzeolite NH; PEALION cucaNa 26315 2082 pane an
exchange Vansant (1973)
) Cu~Co-~K Liu and Aika
Y zeolite NH; Ion exchange 398466 158.8
Rb.y Cs ~ Na (2003)
Activated . Leuch and
NH; Impregnation. Co ~ Fe~ Cr 100 14.5
carbon Bandosz (2007)
Activated ) Leuch et al.
. NH; Impregnation €u > FexZn 5600 137
carbon Fiber (2005)
Silk Fibers NH; Impregnation Cu 520 10.4 Chen et al. (2005)
ALO S I . pt Jackson et al.
mpregnation - -
23 2 Pree (1996)
) Delabie et al.
Y zeolite NH; ~ H,O  Ton exchange Cu - -
(2000)
ZSM-5 Impregnation
. PH; pree Cu 10000 314 % (2006)
Y zeolite Ion exchange

-20-




Ma* Ma® Ma®
0 o Q L0 ]
T g S "‘Al‘f . __,D‘__‘m__,D._‘_H

g\ iN AN S \e"‘\.:‘\

Transition metal
ion exchange

V

Ma* H' BAIOH)*
0 0 o G
g h"‘.d.J"'D"‘ ,-f'D\-.\ i

ENEN SN EN ,;\.f\

Ammonia
adsorption

V

g
Na’ N [MNH, (OH)"

__.--"D“-LSi.-"D T Q. x‘:’a ,,D..H ,:%

AXNAKXAA

B 2-5 % # 83 245 Y #* 7 2 #5 (Liu and Aika, 2003)

-21 -



2.5 /|3

i

doA Y PRI F R AT AR AL R F WL
e F A2 ki o KA vk d § AF R MCMAAL 2% 4 § 2
WML d NPV FEG (B2 e VR AR R Y
R Mg rTay bR L 2 IR o

@%ﬂﬁ%m’&&%&g&g%&g@iawﬁ,?wjﬁﬁ
HEF 2R o RA T e 0 B A B - By A R
fe € L% 1 7§ ¢ (Lapkinetal 2003) o - ¢k » {235 % BRIk iFF 572

2% F 4R S 2 (US.BPA, ChapterlO-4) > 4 1 3k A 4 1 B

’Mr
i
_j
T&
_H7.
ﬁ\"'ﬂ
3
-
F_&

z]'f.;:?,fr;gi » H 443

%W
f*?
ﬂ#
S3

"
ﬁ
Ja

VR R B i 2 s ki e
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26 WAL & & FH

Boood B - kA I RS T TACH T AR B kA S RIF
Feo B kEo RIFMY HHET AR AT § S BATE 175C
rLbpE S ke § OV BEIE A A A fE

% 2-5 REEF 2 2 & FH(MSDS)

&k K E
aF N GCgHz O CeHsO7 * H,O
b+ g 192.13 g/mol 210.14 g/mol
e 6 4 N
A%k oh L R L P Kda B R

N £ 5 (3 RPATR) B 5% (F 5w pheR)
¢RER 59.2% #20C™ 3%

713 153C% e 100°C P it %
i gk & f&(175C) & f#(175°C)
% B 1.665g/cm®(25°C) 1.67g/cm’*(25°C)

CH2 — COOH

HO — C — COOH

CH2 — COOH
B 2-6 18 7L 2 S5

-23-



Author Sample Modification NH,  Sample  Flowrate Amount
(ppm) ) (lpm)  adsorbed(mg/g)

Helminen at al.(2001) ALO;* - 10.9 4 - 2.5
AlL,Oz** - 154.9 4 - 2.5

AL Oz *** - 222.1 4 - 10.4

Silica gel* - 23.7 4 - 2.3

Silica gel** - 28.6 4 - 3.8

Silica gel*** - 41.5 4 - 3

AC* - 64461 4 - 133

AC** - 7630 4 - 1.4

ACH** - 5399 4 - 2.4

Zeolite 4A - 8.9 4 - 12.9

Zeolite SA* - 7.9 4 - 10.5
Zeolite SA** - 7.9 4 - 22.4

Zeolite SA*** - 8.4 4 - 41.8

Zeolite 13X* - 10.9 4 - 9.2

Zeolite 13X** - 9.9 4 - 21.2
Zeolite 13X*** - 17.8 4 - 10.6

Natural zeolite - 19.7 4 - 11.1

DAY - 3543 4 - 4.4

DAZ - 40.5 4 - 2.6

Asilian at al.(2004) Natural zeolite - 180 10 2.1 6.3
Christiano at al.(2007) AC - 600 50 2.7 10.7
Guo and Lua (1999) Commercial AC 20%H,SO4 1000 - - 84
Commercial AC 10%KOH 1000 - - 78
Ciahotny at al.(2006) Natural zeolite - 478 - 1000 12.7
Natural zeolite 20%H,S0O, 478 - 1000 31.5
Natural zeolite 30%H5PO, 478 - 1000 27.6
Natural zeolite 40%HNO; 478 - 1000 27.9
Commercial AC - 478 - 1000 37.5
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Author Sample Modification NH, - Sample  Flowrate Amount
(ppm)  (9) (Ipm)  adsorbed(mg/g)
Liu and Aika(2003) Y zeolite Ion exchange Cu 394866 100 - 158.8
Y zeolite Ion exchange Co 394866 100 - 146.9
Y zeolite Ion exchange K 394866 100 - 103
Y zeolite Ion exchange Rb 394866 100 - 85.2
Y zeolite Ion exchange Cs 394866 100 - 78
Y zeolite Ion exchange H 394866 100 - 92.5
Y zeolite Ion exchange Na 394866 100 - 104.4
Huang and Vansaut (1973) Y zeolite Ion exchange Cu 26315 0.1 - 208.3
Y zeolite Ion exchange Ca 26315 0.1 - 129.2
Y zeolite Ion exchange Na 26315 0.1 - 118.2
Leuch and Bandos (2007) AC* Impregnation Fe 100 - 1 19
AC* Impregnation Co 100 - 1 9.5
AC* Impregnation Cr 100 - 1 14.5
AC* Oxidation 100 - 1 26.7
AC** Impregnation Fe 100 - 1 2.5
AC** Impregnation Co 100 - 1 34
AC** Impregnation Cr 100 - 1 3.6
AC** Oxidation 100 - 1 0.6
ACH** Impregnation Fe 100 - 1 2.7
ACH** Impregnation Co 100 - 1 0.5
ACH** Impregnation Cr 100 - 1 4.5
ACH** Oxidation 100 - 1 0.9
ACH*H* Impregnation Fe 100 - 1 2
ACH*** Impregnation Co 100 - 1 2.7
ACH**H Impregnation Cr 100 - 1 4.1
ACH*** Oxidation 100 - 1 0.6
Leuch at al.(2005) Commercial ACF  Impregnation Cu 5600 - - 97
Commercial ACF  Impregnation Fe 5600 - - 137
Commercial ACF  Impregnation Zn 5600 - - 120

e BT
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$Z% RHRAHS
3.1 =3 inde

Bl 3-1 5 A5 287 A28 G » 3 & 5 HERE G S qA

ﬁ

3 fq.»} " NH; # 277 o i;ﬁﬂ ?)%?fp—'“ﬁi% PR e 2
PR R ¥ LZSMS Y AR F 2 2B R4piz s 5 A2 WA
2. MCM-41 ~ MSP 3 i 1 > s A se Bm LIt 444 F 22
AL~ EEERSRME A G FLA T

S R FURNERESERVE & T S LA/ $ 28 8

BaF L e § 2GRS RE T B 2 oot

(7

A

f

ka3

CF L AER o B ERH MERECTARER 2 6L 29 6 B
AR FHRERISTE L ﬁ%%&WM7&ﬁ &\&wgﬁ,u
PR TR A AG RSB FRES L IR ]S o

AR B E G R RL SHE 3 2 NHy kR 3

kﬂmRHT’i%ﬁﬂﬂﬁ’”ﬁﬁ&Wﬁiﬁyﬁ°
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P £
}
B IERE R I A

T 4 428 3k 0 3,

!

Ak HOE W b 3R R MM
o % i H % &
% QR R AR %2?;
| 4
=f&t’ﬁ’7ﬁi’gjﬁﬁ-ﬁ%—%ﬁif>’( IS Yo
(LN 5w bRZAT
v
BB #
VT € A S
bk @A
FLIE -1
BREREL - HXBEE AT & B OH

B 3-1 # F i AR
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32 RHREAA 2 &%

321 %% &
319k BFH
5 i ki
Cetyltrimethyl'ammonium CTMABT Merck
bromide
Tetraethoxysilane TEOS ; Si(OC,Hs), Merck
Aluminum Sulfate anhydrous ALy (SO4); (92%)° AR
SOdé‘;?ezle;Zi;fate N2.$i059H,0 (95%)"  Fnfeit
Ethanol EtOH (99.9%)" ECHO
Sulfuric acid H,S0,(96%) " RIEDEL
Hydrochloric acid HCI (35%)° 5 A
Cupric nitrate Cu(NOs), (100%)* 5 A
Citric acid CsHgO7 (100%)* A
Zeolite (CBV5524G) NH; -ZSM-5 (50)° Zeolyst
Zeolite (CBV500G) NH,'-Y (3)° Zeolyst

CER PWmR CE AL

-28 -



322 FHREFEHA

ARTT TR 2R R E R AT
“,‘T? Baz A (Silicagel) 2 ",ﬁ% ZF ¢ avke o
2. B A "ff 3 ek i e B (HEPA filter, Gelman Sciences, MI,
USA) :#im% # © 9ol ~ 220 > S < KEZ R4 5 S0psi
3. % # (NH3) # %4¥3:001% > =45+ 1 % -

4. z # ~ 17 % (NHj; analyzer) : SIR model-S5012, Spanish > i ip|#&*2
0-20ppmv.

5. #7273V &3 (Bubble meter, Gilian/Instrument Corp., NJ, USA)
# ¥ 20ccm I 6lpm e
6. FE T4 E (MassElow Controller, Brooks Instrument, Tokyo,

Japan) : #;40f #R £ > §F 1 200scem for NH; 5 1000scem for
Compressed air.

7. B2 ¥4 % (Brooks model 5850E, 4 Channel control

readout) @ K ETEHTILE °

9. B+ E ! Cimares2, Thermolyne, Lowa, USA.
10.% £ % © A-550, VULCAN, Japan.

11.52 4% & 3+ (pH meter) : inoLab pH 730, HP3458A, WTW, German.
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323 R AL 1T RER

AET AR 2 F R SAITE A AT
1. ¥ § 12 =®m% 4 47 & (Accelerated surface area and porosimetry

system )

#7] © ASAP 2020, Micromeritics, USA

2. X %% % %5 % (X-RAY POWDER DIFFRACTOMETER,XRD)
#7] : MXP18, MAC Sience, Japan

3.8 & ® & % R F ¥ ~ 17 &k (INDUCTIVELY COUPLED

PLASMA-MASS SPECTROMETER ICP-MS)

#7] : SCIEX ELAN 5000, Perkin Elmer, USA

B 24T R 7 % N 7 5 B4 (Transmission Electron Microscope,
TEM)

#7] ¢ JEM-2010, JEOL, Japan

5. F 3% ##& & 4o ¢ sk ¥ % (Fourier-Transform Infrared Spectrometer,
FT-IR)

# 4] 1 FT-730, Horiba, Japan
6. 4 % k2 & (UV-Vis spectrometer)

#4] 1 U3010, HITACHI, Japan
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33 A2 WH 2

331 A E o LW g 22

ARHE* 2 ZISM-5~Y A F 5 ok p F R Zeolyst = 7 W2 2 7
AT AR S NHS 2558 > 50 2130 F g a7
i 2o e o

Bb 2ok TR T X HeE > oR) R4 NHLNOs fie B 0.05M -k
Bk o TAeor A B 1g i ISml BV R4S R A R 2V BIR & 0 &
CTHIL 12| P> & NHS 2 A3 33 43R 1 1 > 2 15 104 § i
T o e B3 g KM e B gRd (NOs 43 )0 b 2
RSB T 110°C T Wiz 120F PRl Bl B > JopF2 & 55
R NH,-Y 50 £ #REABE %Y 2 550C&% 6 | o
B-NH; AL 4 A Btz HY & 7 o

P2 F - NH,-Y ~ NH,-ZSM-5 # 7 % it 5 H-Y ~ H-ZSM-5

ji}.,”ﬁ%flj%?‘%i_iu/fo

ey
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332 MCM-41 %l % = 2

AT ok U E MCM-41 54 0 B # SR AR 4 B 3-2

Aror 0 R A E%ﬁz"z%‘ et bldeT

Si0, © xALO; : 0.2CTABr: 0.89 H,SO,4 - 120 H,O

it i A= A 4(CTAB) (F 5 fR4LE 22 4 /218> &

1\

A W H-21.2 520 A FRAN Z_For e AR (AR B |7 2e) » B

0L ~20F L end g+ -kvY S IERH 2 XA 2SR E

o

BIART BT RIER0 A f Hr 3R TR IR S
$eif B 2 AN Fife-Rid pte A LA Y R e A 4 B L
FR*FESEMF ~FiEkpried pHE's 2 10.3~105 =
Lo ARDIG ¢ PR L oo

#-728g 2 CTABria»t25 &2 2 3 33 k¢ g4L% 2 L o33
fRts > FOFEHEBF MR o R ] e

BB R R M ABA AT RS M > B R 145CT KB B 36 )
PrisBedt > FHE I ¥ ORGSR BRERCE > ¥ 110C T §5%

12 /] p¥ o

Rego i 2 FIM RS 1 S50CAE 10 ) BF > FREK AL o
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21.29 fmty T B PR

L& a1
+ +
80ml DI 7k 20ml DI 7k
MCM-41 &=
AR
30min {_}
H 550°C TF &2 10hrs
EEZAINGBRE IR AN {}
ZpH 4105
110°C F #£#%12hrs
7.28g CTABr
+ HABEKER R
25ml DI 7k ﬁ
@ ENR A145M145CTF
AR EE> 36hrs
3hrs

B 3-2 1ok #GE B MCM-41 % 5 2. o 47 )
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AP T EARERER S FAl R MCM P A
B4 oA AR 2 oG PR o f17 iz MCM & & afee s 3

1

:;:— Eb'ﬁ)tfé‘%/jj‘)‘ AIL’%%@%#&H&;%\;’M/T%LE; Sl/g\

|l

4
SO R AR o I PR AR R WA T AT B & Aok 3-1 47
7 o AI-MCM-41(25)% 4 7+ SVAL W 5 255 @ Si-MCM-41 ¥ 5 = > %

7 4e Al 2 5 MCM-41 $18 2 -
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329 5% " % Fw4E 2 MCM-41 @ # v &

Sample Si4c i Frpgri i £
Si-MCM-41 21.29 -
Al-MCM-41(25) 21.2g 1.3688g
Al-MCM-41(50) 21.29 0.6884g
Al-MCM-41(100) 21.29 0.3422g
Al-MCM-41(150) 21.29 0.2281g

Al-MCM-41(25) - # 48+ 5 252 MEM-41
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3.3.3MSP ® & * &

AFBE*T 2 MSP 5 9%z p ARH 27 3L 3]s iq
(mesoporous silica particle) (Hung et al., 2007) c H & = = ;> 2 7 %
B K AT IO B) 3-3 0 IR & Gilde T

ITEOS - 0.18CTAB : 10EtOH : 40water - 0.008HCl

i * 3 u/% KF AR e g e 7 -

4~ B PPES RS T S50CT e 13 R
{24 BT o
5 REEFLIELEZFE

6~ BiiHAR S DB IER N A SS0C T RSEE ] -
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Combustion® Combustion -/+ DC HV Supply

Chamber 1 Chamber 2 —_——— —EI

i
Drying Zone : Heating\Calcining Zone

1

Ultrasonic Atomizer ESP Collector

Exhaust
°© o0 % Carrier Gas @

Pump

VA

Solution Reservoir Spray Diit sy

B 3-3 r g B2 B % MSPsaadl 2 ik 42 8] (Hung et al., 2007)

-37-



34 I

AR IR AN RIEALE & b A i

S

£ R o

3.4.1 ¥ Y B

EINE NN S

H\\F

LR FE T T B ] 34 T o B iR S
2 AL 1S E 2 2 3 4 ke B F kA A 5 0.02M ~ 0.05M
0.1IM ~ 0.15M ~ 02M 273 % » £ 22 1g 2 S Bt 208 T B F 34
RO SR 12 PETS > B BB TR 110°C T s 12 ) pEE

FRT S 5

342 & £ BB

AR LB REN Y 2 2 SR TR osT

,\
2
™y
i

N+

.m;

Wik

(&

GR-E B RN B2 ZER G2 AR

Ny

4ol 3-5 957 0 BT B2 AT RS (AP AIE)E 15ml 2
2RI FREAFTRRES (AFHEY LR S 0.02M~0.05M~0.1M ~

0.5M ~ IM) » 4e » 1g 2 S r B3Rl » 5 30 T R T B -
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EE S B E NN 110°C T MR 12 ) B BB 0 L oER

BB IR Y L 550CHEG6 ) pE

(=) 3+ L3

\>‘_
rjn.tl
e
i

pr
oy

%}
)
I
7S
=3
{ N
e
%S;‘:
3
TH

(1 4
fputs]
g

E

}
Pl
W
E N
>\_.
‘fﬂ
B
Pt

OER G 0.05M) > 4v » lgi\ﬁ}'s"ﬁr‘g‘%lj%ﬁg_ » 3> 80°C T u@?’ﬁf#—ﬁﬁf
12/ pF s RESv YT L 2ZER NP F BRL TN

g krk o o 4

&5

B8 B NN 110°C F Hir 12 ) pF
Body Bepsts o LR R N BRI PN S50°CARE 6 ) BF 0 BRI
e AEBREI R BRERIALI T E g BT

Gervasini et al. (2000) 45 1 g EaFs+ 27 R4 EH2 7

B AR ks @ ERHE o BAR 36 4 o
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Citric acid
DI water 15ml

Stirring for 10 min Stirring for 12 hrs

W 3-4 11 3 ik ik SR AR e

Cupric nitrate

DI water 15ml Sampég

Stirring for 10 min Stirring for 2 hrs

B 3-5 11 5 20k h T & 4w

Sample

=

- 40 -

B 7T

-~

—

110°C

Drying for 12 hrs

f’ i ?ﬁ’?}'\ Kﬁ’fgﬂji ’;TL ﬂig]

110°C

Drying for 12 hrs

=

I

550°C

Calcination for 6 hrs

?‘? Y2 K;,Jf?jﬂj 2_ A2 18]



Cupric nitrate

DI water 15ml Sample DI water 1500ml

l

=) =

O O O O
.. ) Stirring at 80°C . .
Stirring for 10 min for 12 hrs Filtration
I Mank <:
550 OC 1 1 0 oC

Calcination for 6 hrs Drying for 12 hrs

Bl 3-6 v 3+ 2 32 f S & a7 s e bR 2 T AR
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35 FHRBERK T

AT AN f iAo R 33007 0 PR K- A FRT

T
(ﬂ}
o
*
-\
1,&9,
etk

B R L 245°C JRAE K 45~50% T i 17 0 TR

EAIRE SEcE o F BRERES lomo SRR G llpm e A frd R 2

=f

FHEEF 0 FHIRPLZAFC I 02 001%% F F Hin

3.6 9 5 4 LRI B

AL R AR B 3T T e B RS B RS
2Ok F 2 B o dor B B S f Mokts 0 £ g R YRR
KA P BRR F R B ARR R £ 1] 45-50% 0 R R S
245°C R ALY 2ok EARMH Kk AR ZHFHEF L EFT R
IR Lwpe gr g F AR E

AT TR T 2 FAEGRE dd R F R IIE B od FRIE
FHEAE RS AR EVER L R RFTIEED
ZFMER IR THRELFHMALFEFLATER FREARAE -

TR 0 TE A -
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- IR i&"ﬁjﬁ 5 PYREX 3 > H7¢ & ¥ 3 Z«Eﬁﬁw » 1
b AR eR ~ B AR 0 R B B A LB F RIS RN B Y
HWC?Ewﬂui%kb’yﬂ,ipf@%iawﬁa,@&
MCM-41 2 v £ FEELEBMEE IR FK " €7 BRIFFIE
A4 o EmAFHREY 0.05g 2.3 FHRE LR RS leme F
BEARF > f BRI BRI 100ccm & 0 F 42§ HATd 35

P s 2 g F RGERR S AT R ] hond

RS O S SR

(a) NH3 3 “,% rd :f;‘

C

=1- C (Co: NH; 5 F ek 2 C: NH; Sfr ok B 3.1)

0
(b) NH; = " 48 ## (L)

— PRl min) > NH 323725 £1 (L / min) x NH  S25H7.3527% ( ppm) < 10° $ (3.2)
(c) NH; * 4% = *# £ (Cumulative adsorption amount)(mg/g) :

—EFER NI ERRTET ARG E

"\
X 75

NH BRI (L)+24.5<#>
_ mole
TP e B (
(d) NH; 4% fo %t & (Saturated adsorption amount)(mg/g) :

ltmtm

%(n] )x 1000 (12 )(33)

SR on St 5% T AR AR L B B2 40(3.3)5
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2339 BME LA

\\\?{r
B
=

EEE S S N s N
F %R 24.5°C,
F AR R 45-50%
FRsg ¢ (mm) moE L
F ®onid (m/s) 0.18
F g (Ipm) 1
ATEAEE (9 0.05~0.1
T T 4 £ % - RIFRE
BB S % TEE BT LS

FRMIUER (VV)
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Rotameter M ixing
I v N
Chamber

J

HEPA
filter f A

=

NH3
— L %] ' Detector
soot— | Adsorption 5
readout Colu n
Compressed
Air
NH3 » By pass

Cylinder

Bl 3-7 & F SRR %K 4 B
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3
i

,‘:n
I%
-\
el
¥

T E

41 N A A 4
S E TN RN = TR EEU N S

b0 R L R
4.1.1 XRD B 3#

Bl4-15 Si-MCM-412_ XRDREI 3% » H 6t B3 F 7 = Baid o u
£(100) ~ (110) ~ (200) ~ (210) - Kresge etal. (1992) 45 1 > (100) 4

e &k end M8 1R (110) (200) - (210)5L% ] E 2 7

RSt e A0 3 Faa) . K,ért 2 #b > Kresge et al. (1992)
Bdp o FEFE £ HMOMALT S (100)2 % 2 Sed36 & € P AR

T 5 @ (110) ~ (200) ~ (210)= BHLE ) AR T o 28 d &R

_—

f o~ FIMCM-41n 0 » Bk T R A BH2359 R » @ @ 7 5

FoAkIn ) LR SR § T 2 AR T g o

412 TEMA {7
®4-2 % Si-MCM-41 ~ MSP ~ AI-MCM-412_ TEMR3¥% > & B ° 7
BRIV SRR A MCM-412 B4R 5 = &2 #5] 0 &

v

2 XRDFIH #7216+ 7 Gl 5 35k 303 & G 25 -
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Intensity a.u.

Si-MCM-41

Al-MCM-41(25)

Al-MCM-41(50)

Al-MCM-41(150)

810‘12‘14‘16‘18
20

B 4-1 = 4+ 2 XRD Bl
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TEM R

7
-~

] 4-2(a)MSP(Hung et al., 2007) (b)Si-MCM-41
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(d)

Bl 4-2 (c)AI-MCM-41(25) (d) AI-MCM-41(150)2. TEM B
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413BET £ & f# & 47

Bl 4-3 5% @ 4r MCM-41 iz 3L ica @ d B» 73
o Bt FRHsd i FHFE > PFEENAE23m 2% 0 B B
MCM-41 2 # 3¢ = B AR RIRE # cox it + 0 @ S K 48 7 B 4
P ¢ G B R AR R G AR kAR g o @ & 41 RIEE DR R
&t MCM-41 2 v 4G ff ~ Vv d 29 oo 48RS
Er MCM-41 PF g " E v LG ff > © 24P B4R S (@ 4p1 4R )
P bt Lg fie AR o g0 P U S R G 2R ARE T R S K
AR Y SHEend 41 R g o €78 ALMCM-41 2 3¢ BB & 5 4o Tig
= £73(Chen et al., 1997) -

Bl4-4 57 w4t 22 MCM=4l S 8 s %ritd 5B d o B 7 3

Mg 5 Type IV Al sigd 5@ 5 4 482 MCM-41 B ik & B FF 4 B
B2 o bWl 442 F F Y Y o PPo 04 2§

BIEF R4 FH P 3k 2 B4 i(Chenetal, 1997) - @ d B ¥ P/Po
2 02-03pFF &3¢ 3Lk 2 L g g 0 @ e P/P0>0.9 BF > PR
FLGPH SRR P ME TR F F AR RIS R F

Moz B B rig & (Zhaietal., 2006) > @ d F& kg 0 B IR %

F_k
b
e
o~
[}
%
I
<
.l;
[E—
Ee
=
I
&
it
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=
=
\—1—
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=
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P
(w
Jey
=
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42 L ARz A AP 0 SR8 MSP 2 v
6 %2 1000m’/g 2+ @ Y &7 & G 9 5 600m’/g > ZSM-5

AT AR YL A50mYge d AP AERET 0 AT LA

T

[

—\
G

Bts2 YA FEZSMS A 7 H L G g X < hi 8 o

A

—
XM

Wi

™

3=

ERBRERBZ Y AT LG FUEY FRBRA AR E L

e
=
=
(<l
ETR
K0

SAFZ B S AR T & w2 3k #rid 2 e(Huang et al.,

b

2003)
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Pore Volume (cm?/g-nm)

() Si-MCM-41

(b) AI-MCM-41 (150)
(c) AI-MCM-41 (100)
(d) AI-MCM-41 (50)
(e) AI-MCM-41 (25)

| | | |
2 4 6 8 10
Pore Diameter (nm)

Bl 4-3 7 B #2 4Ev MCM-41 2 34 5 & i §
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—/A— AI-MCM-41(150)
—0)— AI-MCM-41(100)
—&>— AI-MCM-41(50)
—f}— AI-McMm-41(25)

0 0.2 0.4 0.6 0.8 1
P/Po

Bl 4-4 7 [ # 45 MCM-41 2. 5§ v % v ' 47 B
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% 4-1 3 a2 45 MCM-41 200 % 6 ff > 34k WA

Pore
Sample Sger (M?/Q) volume d, (nm)
(cm*/g)

Si-MCM-41 1074 0.96 2.74
AI-MCM-41(150) 989 0.92 2.73
AI-MCM-41(100) 972 1.02 2.75
Al-MCM-41(50) 743 0.75 2.73

AL-MCM-41(25) 587 0.65 2.72
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# 42 A r 2 p Wit BET ~ 478 %

Sample Sger (M?/g)
H-Y 660
H-ZSM-5 401
MSP 1153

% 4-3 #fdE moigha BET A 47 % %

Sample Sger (M?/9)
Cu-Y (0.05M) ion exchange 639
Cu-Y (0.02M) impregnation 617
Cu-Y (0.05M) impregnation 572
Cu-Y (0.10M) impregnation 518
Cu-Y (0.50M) impregnation 359
Cu-Y (1.00M) impregnation 211

Cu-ZSM(0.05M) ion exchange 401
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4.1.4 ICP-MSA 44

% 4-4 5 ZSM-5 8 Y AU R S wli g
ARG Y ALt ICP-MS 24 A2 At d AFE%ET
ZSM-5 2. 453 B M 4RV R 3 Y A 7o LB RERANA E o
mZSM-52 Y A% R X g g RAF & 2 v o

LHEAY AT 0 b § R e 1.44%, 0 @ KB 5 R Y

ot Har 7 BT 412% (LT ER

Y~

|

Ju

"

Z_ %a@jﬁ|}§,§,é?ig?3§ ﬁ(?—»ﬁ?fj %o

% 4-4 ZSM-5 SLY A 7 e 62 ICP A 45 4 %

Type of _
. Si(%) Al(%) Cu(%) Na(%) Fe(ppm) Ca(ppm)
Zeolite
ZSM-5 39.1 0.267 ND ND 247 29.7
Y 28.6 6.93 ND 0.077 164 ND
Cu-Y(0.05M)
26.53 4.99 1.44 - - -
Ion exchange
Cu-Y (0.05M)

. 20.73 7.00 4.12 - - -
Impregnation
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4.2 MM NH; § 12 4 ' B3

GRFRED o RRE AT HEE F 24 foeF R
=% 1 ggﬂﬁ’—axﬁﬁj\j/g%; Fsrttat o e LEEF A
B2

421 2 w4 T2 MCM-41 $ NH; § 2 4 ‘,% B3R

LEH LA A 2 MCMA41 it 18 > 5 L AT 5 IR+
FARY T s b poni 2 B

B 4-5 5 7 F Si/Al T 2sMCM-414 & n )k & 10ppm» i: & 1lpm
2. BT 0 ¥ NH; 5 f222 YFRIEE > d oSSR T 0 apgEt
50 22 MCM-41 s 544 » E8 Fof 2 vxtigand 2 g€ € 48 & fhen
FEHB D A om A S 25 Bk £ 488 22 MCM-41
Gt B Lo B S E 5 0.85mg/g e

FRAHF22ZRFIVR GG A MCMA4L 15~ 484 v > € e
MCM-41 # & £ 4 6 SH# > # L4744 (Bronsted acid) 2 A 2
B0 AR PR AR F F R o gL RIFEH
- REIR RIS AR E SR 2D N RN R

T ARHE T R T 2 Rk Y M AR 5 50 2

MCM-41 it {7 3 85 iF -
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1-C/Co

A R |
i —()— A-MCM-41(50) |
0l — /A Al-MCM-41(100)
Al-MCM-41(150)
I — X Al-MCM-41(25)
0.6 — —
0.4 —
0.2 — —
0
0 100

Time (min)

B 4-5 7 I SYAL T 22 MCM-41 % NH; 42 4 2 jp|3
(P=1atm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample=0.05g)
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422 ¢ F vt NHs § M2 3 05 iRl

LAEE Y § A AR 50 22 MCM-41 B § B i 2 g F S {8 o
ARG -5 E S A B R (TR ER o B 4-6 T 5 MCM-41 -
MSP ~ Y ~ ZSM-5 2_ s "4 0 ik & 10ppm > i & llpm 2 3 35
THEF LI RRFREE A AR RS YA ISMS AT
AI-MCM-41(50)2 = fig A > 4 F 25 fp o o v i 90%1 F o
2Y A E S ZSMSS R LT 5% o b A gk o
@ % E 2. MCM-41 2 p ®l2. MSP 5 3t et > R F ¥ ehd TR o

W47 5d LA AEEEF o RE ) FREET
Fo AP HRERR T LR PLA O AL F 2 poni LY
> ZSM-5 > Al-MCM-41(50) >'Si:MEM-41 * MSP -

A R B IR s 2 A G S TR A
B AR L EEPE S P ARFE S G R TR o AP AT
ot @E Ty F 2R & Ft R RL 8% 0 g L ¥ MSP &
Si-MCM-41 » # 2 2% &7 2 4 & & # (% 1000m’/g) ~ @ 34
(2~5nm)2- BF > R FEHET 5 & F B ArEiE o osndk L H sk
R A ) PN - LG S ANV A S e o b SN

)
—

Ik

LA G IR B e d N F Rk H A G 2

P 7w A 322 58 % (condensation) 0 » & 2 BT A 4
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LG oo gL AR R 2 R F] e b Si-MCM-41 &

ALMCM-41(50)2_ % % 7 #f 15} 2 8L > FM 5 B3 i 3 % it 4
)

AR IV WA o vE- AW ANE G AERT 2

MCM-41 » BB EAR MR 2 F L #T4F R (Bronsted acid) 2

A LB 40 BHE F R4 20k o B 2 MCM-41 $#3

F o2 tga g H e e

#F ¥ ALMCM-41(50)8 ZSM-5 vt i b & JER i 5 7 4F
L 50 2 HAL > @ AI-MCM-41(50)2 F v ZSM-5 { < 2 v & 6 ff > @
Al-MCM-41(50)F # 3¢ 4 nZSM-5aica HAL - g &1 7 F srgox
w2 £ B B 1 5 ZSM-5 §E 1 AIMCM-41(50) { & 2 = it
pedoo @ LB Bk 1S B ARG 40%FF ) AI-MCM-41(50)
grx 1t ZSM-5 B v pt R R REon FIVF BRI 3 27 b L R
tho @ Bfs R PR kg ZSM-5 E iR 7 42 MCM-41 eh e

-

B ieFE T ZSM-5 8 Y A 7 20 g rﬁ"ﬁi Wk om AT 2O
ATy s A A ERE® 2 ZSM-5 S S50 Y AT S 30
B VA YA R E G ZSMSS { Bk i Rl kSR

Mo Y AT Mok 2 B R GV B g 23

N Z I AR A ke
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AT A% - A L #- AI-MCM-41(50) ~ Si-MCM ~ MSP £2 Y ~
ZSM-5 L #a% ottt iE 7% £ F % > % I MSP ~ Si-MCM 825 3
oG A0 R H e 5 £ 0 @ AI-MCM-41(50)2 Si-MCM - % v
% & AI-MCM-41(50)# i# » £ %] & Bk 5 s i 4] Y B3 ZSM-5
PIEFI A Y AR LG AR Lo fFig 2 B & s
wod BRI Y EBE S Y>ZSM-5 > Al-MCM-41(50) > Si-MCM ~ MSP -
MR B2 R R g o B A G ARk 2 1Y B R RS A

g0 A koo fie g R TR -
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1-CI/Co

| |
- — O HY i
—A— H-ZSM-5
0.8 — —fH— Al-MCM-41(50) —
—\/— Si-MCM-41
— X MSP
0.6 — —
04 — —
02 — |
() |
0 120

Time (min)

Bl 4-6 & I8 AT B A AR E NH; f #0222 5 Rl
(P=1atm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample =0.05g)
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Cumulative adsorption amount (mg/g)

wo ~ N (@) | o0 O
T

[\
T

Bl 4-7 & 38 KT 2 A NH; f 2 o3 g E
(P=1atm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample=0.05g)
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43 &% - R PR RS B NHs 2 3 vp kit Rl

BFAILHEREHRSOGH T SHE §F s o E 2 Rk
B2 & RIFBEFCT oad - 87 > YA E L97F #
B B B2 Sk o LR EENR Y AT LB

LR E o S EBRE LT Sl

4311 & B¢ fc‘?‘;}i&%" 3V 24 ’f’ﬂl'”?']"

PREAFTRFERNN IR SR AR HEF

431115 EINEEHBEEENR VT’HL"if”’:‘”P"

48 5d 2R BRHERTY AT AEER
10ppm > 7 & Tpm> g2 & 5 0.1g 2 B ™ 4 f 224 FredRle -
PO RGEBEBREH S AFLRY AR LA EFIREY A
Rl R R AR RARY 0.02M & 5 0.05M BF

a;};i—i“ﬁ:“i Ao P ERBFVTEI% mEkARd 0.05M #%

A2 IMPF o 2 F4rR i o
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Frpl PR T o BFE Ay Ok B AZE 0.05M B FléF &
BaSil 1 MEARS A2 2T M BELF TN § S MR
(cluster) » i = w44 & & f# T "% (Lin and Wang, 2000) > #* ¥ it 5
Ha ek M2 AR RFd 1L 20 FAHERTHEP 2L o &t
BB g p2 58 e dergrni B AR oA kRS
0.02M I 0.05M > st & F 2 2 FR e dapl 5 fvt £ o fFHRIT2 R
TR ERGTIVGFPINOG AT BTN L2 R

i 4 AR R BT A
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1 T | | T | T | T
RS GS — () Cu-Y (0.05M) _
VA O
‘ X < cu-y (0.02M)
0.8 — N —/A— Cu-Y (0.1M) |
I —F— cu-y (05Mm)
X CuY (IM)
o 0.6 — —
Q
O [ |
—
04— —
0.2 — —
0 ©
0 50 100 150 200 250

Time'(min)
Bl 4-8 3 Fdr & 7 IR AR Y ™ 72 NH; 2 foasdfiplze
(P=1atm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample=0.1g)
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10 1200

cldi e BRTERTS S
o - 1000
g 3 —A— A
- 900 ~
5 7 RS
g 800 =
] 6 ~
g 700 §
. — a9}
*g 5 600 0
[a]
wn
e 400
= 300 @
S 2
2 200
()
1 100
0 0

0.02 0.05 0.1 0.5 1

Cupric nitrate-concentration (M)

B 497 Far &2 2ERY #F 2. NHy;= g
(P=1atm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample=0.1g)
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4312 MHF HE SRR RH & BRSO 2 4 f SRl

Iwamoto et al. (1989)45 ) » £AFHF L4k € - H - g3 23 E W
L5288 m N 00M2ZAHRBRBANEZ R E7F ikt
O RAFHREF - A A AR IIFRBLYATEFL G
ERGE

B 4-10 5 £A74F L 44r £ 50 Y 4 2 2 NHy 3 "5 o3 plRé o
ik R 10ppm o JnE llpm> E L E 5 0lg 2 BB THE 5 23

-

%R F S

I-H7

AL ] TR A ATF R 2 }EJC__P (Liu and
Aika, 2003)2 = i » 4] % £ 4 FIREAE B0 Y AT AR
FEEERET > P IILLNAE ﬁ—i%ii“f"iiiﬂﬁ » ¥

BB T & 97% 0 B 4-11 DEARHES 2

-
>

4% & T Y A 7 2. NH;
BBV R ] AT REEET > AGE LAY LS 2

R e ! 2 fJBATE o PV E § 2B HE e

=F

oo e TR B AR T E £ RAET 5 60~70% @

EAFMES LTRSS ERHF F R0 A3 T2 80%  H e

£ % 4% & (Liuand Aika, 2003)
dﬁ‘i%ﬂﬁF§]25v4—r,é$ ﬁd ditiss HY AT Fz 2

ROFFRRR S TG S YA T L 2 £ BT TS L

Ta Pk > EATAT AT R e dr £ BE R A B 54
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EAHT LHP R LI B R U A R F L
BTk o

Bl 4-12 5 e Tk b £ B2t Y A L 52 s fc kA 586 % > d

T

B¥fdas YAF 3 AagE L 320~800nm ¥ i & ¥ 2 s 2 & >

’E\ “

AT RS2 CuY A F 0 Sofck B A 210 22 260 nm 2
1395 % j¢ (Feng and Hall, 1997) 4p 13" 5 - 5 @£ % (0~

Cu™ ) » /AT BER %L - EHCu 33 % Fki A3 e B
%3 - @ Parida and Rath (2007) 45 & » % & fz € = Flj% & 320 nm -
Pl A e A EA DT Ay Y4y 0 @ 7 E s 2 CuY
AE A B Ak ke s B SR s CuY A E o § G R

4k B Ao BE b R RTLE B R TS A 1

=N
o
|
=
(<l
Fa )
o
)
ey
-

4 7 B R 4 A2 BE (cluster) PF o 2.+
D PR EREET e AR FREE R AR
00SM 2 32 kAE T Fhitz ek A% 3T 2R G LB
M

FpF > B2 0.05

A~ _ 2, ¥ 3 7 = N2 -
RIS B BHB R B Ar 23k G T

—\\

7
~

SRFTFER L00SMZER §iE0m B2 g3 AT L g

j’;& I/E-l'«»- I—- o
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B
—O— Cu-Y (0.05M-1) —
—/A— Cu-Y (0.05M-11) |
—>X— Cu-Y (0.05M-I11)

0.9

0.8

0.7 —

0.6 —

0.5 —

1-C/Co

0.2 —

0.1 —

0 | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |
0 40 80 “,120"'160 200 240 280 320 360 400

Time'(min)
B 4-10 €478 F L4 £ B> Y # 72 NH; 2 % N
(P=1atm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample=0.1g)
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18 100
Aadsorption capacity

—O— Max. NH3 removal(%)

97

\O
(@)

O O
N n
Max. NH3 removal (%)

O
(O8]

Cumulative adsorption amount (mg/g)

O
[\S]

O
[

O
()

0.05M-I 0.05M-II 0.05M-11I

B 4-11 EAFa3 2 #4r 2 B> Y A %2 NHy s q
(P=1atm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample=0.1g)
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(a)H-Y

(b) Cu-Y 0.05M ion
(c) Cu-Y 0.05M imp
(d)Cu-Y 0.IMimp
(e)Cu-Y 0.5Mimp
(f)Cu-Y 1Mimp

()

(e)

Absorbance, a.u.

(d)

(c)
(b)

G ——— D)

|
100 200 300 400 500 600 700 800 900

Wavelength (nm)

B 4-12 2 B Zedr & Bt Y A 7 2 ek A 41 8 %
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432 R FR AT R ST b 2 3 kSl

Bl d4-134-14 50 222 ERFED Y F 2 18 itk
A 10ppm > in & llpm - 3 £ 5 0.1g Z TR T $ & § 2 2 F o5l
W APERMRFHREBREN e " TRAZTE2ZER S APER
700200501015~ 02M kR REFT 2 ZEd FHRESHT >

BERE S T A N HE F 24580 FRIFRIERY 002M &

-

25 0.05SMpFo> 5 5 23 “,/f?t‘i:‘:?‘"igé\: » P BB AF T E 99.7% > & E
ERd 0OSM#E S T 0O2MPF » s F frBdp AT H - FHRES T 4

BE L 0.05M Pk BodF o

A

)
S
H
(.
i)
du
¥
I
8‘/
\\

)
ﬂé
=
—t
o~
fF
ﬁ

i zéa

2
S
_
N
e
b
B
&
XN

o+ 8 A hlcd o 2 RIFHE TSR %
% (deliquesce) > 4o 4-15 #77F > M it 2 B kR B IepF g BT

2 T e

-73-



Bl 4-16 5 R¥ppeec T 82 FTIR B4 47 > o Bl¥ 740 §
UREFRCT G2 Y AT 0 B A 945~ 1400 ~ 1469 3= #5504 7
hf BR ¥R L {6 2 ez, COOH 7§ it 2834 5 2 2 55 (Chu et al.,

2002) > ® i HRPFRAIS R AR BT F w2 AR o JTiE NHy 'R
Bis 2 B H ik R PG P AT IR o

Bl4-17 s REAREE F 3 E2M G d BIP ¥ &2
PHREBELFRHEIRIAME A YA EPERARIEAE i©
EFLY A4 5 3 Bk gt on B 4G s
R AR B R SRR R g 2 ey g

F 2. 48%" (Gokulakrishnan et al., 2000)-
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‘ I
) Acid-Y (0.05M) |
—<>—— Acid-Y (0.02M)

—A— Acid-Y (0.1M) —

00/0-1

0.4

0.2

400

300

200

00,

1

Time ' (min)

0.1g)

NH;=10ppm, Sample

~50%,

RH=45

>

latm, T=24.5°C

(P=
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T ——

e L EEEEEe

e R R e
e

B Acid-Y

AR R R R R R R R R R R

B B R L
B e

e

18

O <t (@] () [ee] O < N o
—

— — —

(3/8w) 1unowe uor}dIospe 9AT}RINUN)

0.2

0.15

(M)

0.1
dsconentrat

0.05

0.02

101

1tr1c aci

C

£

A F 2. NHj s %

3 AL
=R

i
5°C, RH=45~50%, NH;=10ppm,

=0.1g)

Sample

latm, T=24.

(P=
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Bl 4-15 222 % B3 kRARIFR Y A g2z
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Transmittance

4000 3000 2000 1000

Wavenumbers (cm-1)

B 4-16 12§ 7k 7c e b+ 2 FTIR B3 A 17 (H-Y # 7

(b)#& ﬁﬁ;*i@f;i H-Y * % (¢)% ’}fri Y AT E F O
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Ammonia adsorbed amount (mg/g)

Ammonia amount adsorbed

—o— Total acidity

Eg] 4-17 ﬁ&ﬁ’;}ig’i’u};xﬁii &g f%]%]

-79 -
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Total acidity (mmole/g)



433 L AR HEF R AR GRS FEVR

AL > ZSM-5 ~ ALMCM-41(50):& {7 5 72 ~ 33 2 3edr & 112 552

R 774 > Si-MCM-41 ~ MSP p

A
\?M-
=1
k'l
IS
o
Y
i
0

%

=

Ny
ik

R A o LR ER A R FBERE § R

%@

Bl 4-18 % & 3B s gt e B {5 gk & 10ppm ~ Ji & llpm -

oY AP A RIFRRE S B NBUHE o m T L s Rdre 2

B RdeA R R B3 2wk HS g E A MO A L2

SRR IR RS F 3 S R L T

Sk

ey

it

ﬂ" r

S
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&
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5
G
s
S
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dﬁl
fos
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e
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piss
A

- 80 -



% 4-5 5 & 7 v %4 2. Bulk density B | & 2 5 B4 8 e

Bl 6 (mesh50)76 B ~ F 2 A2 B F P dEh S N AR @

\!t

N
-

bro Lo F AR £

Ik

S o ¥H (5w 8 H AL R A (bulk

density) °

Bl 4-19 & & sE s rigiee o {8 i)k & 10ppm ~ in £ 1lpm -
BuE 0058 2 BT HA F LA FRFRF RHELd BRI
L (mg/em’) > & H =B AE T R 2 £ 0 d 3 MCM-41 = 54 % B R
" (bulk density) » F & WA TR EHEE RSS2 ZHF Y
A E G BE 2Bk 0 AR A 2 AL-MCM-41(50)4p 1T 2. ¥ i 4
ZSM-5 /5B 8 3k B (s B it an R A RS AI-MCM-41(50) 2 w it
;2 MSP & Si-MCM-4L2 2" 208 8 N mpigL s
MSP %] & # bulk density $ 8 g 2 T > Hexrsgeedk uE H =R 07

fmoz £ kot ¢ R Si-MCM-41
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Amount adsorbed(mg/g)

Amount adsorbed(mg/cm®)

e e e e e
S = N W A~ O >

S = N W g o 9 0 ©

origingal

& modify by Citric acid

B modify by Cu (ion exchange)
& modify by Cu (impregnation)

H-Y H-ZSM-5 Al-MCM-41  Si-MCM-41 MSP

Bl 4-18 2w vt e Fm (8 4 F S 'ian 4 55 6 v f(mg/g)
(P=1latm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample=0.05g)

origingal

B8 modify by Citric acid

&' modify by Cu (ion exchange)
® modify by Cu (impregnation)

.

H-Y H-ZSM-5 Al-MCM-41  Si-MCM-41 MSP

Bl 4-19 &Twsipht s 0 S| F il 4 5 £ f(mg/em’)
(P=1atm, T=24.5"C, RH=45~50%, NH;=10ppm, Sample=0.05g)
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% 4-5 £ 35 3+ 20 % 2 A (Bulk density) (g/cm’)

‘ Sample Bulk density (g/cm®) \

HY

Cu-Y (ion)
Cu-Y (imp)
Acid-Y
H-ZSM-5
Cu-ZSM-5 (ion)
Cu-ZSM-5 (imp)

Acid-ZSM-5

Al-MCM-41(50)

Cu-Al-MCM-41 (ion)
Cu-AI-MCM-41 (imp)
Acid-Al-MCM-41
Si-MCM-41
Acid-Si-MCM-41
MSP

Acid-MSP
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4.4 7 I 4 (6 HE 7 10 NHy 2 hoon i 2 0 58
441 Gt e b NHy @Mk R T 23 1% 2%

BRSO R R R R S ) S -
Pk 2 B Y A R E0.05M 2 RFRET T R g F BIVER Z
R o

Bl 4-20 5% F 5 &k ~imE llpm L

et
=)
{w
R
Sk
.

g #&xY%%ﬁNm$Wié%ﬂﬁ’é?$%%ﬁﬁ’ﬁ
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