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Abstract

One of the most commonly used volatile organic compounds (VOCs)
abatement devices by the semiconductor and optoelectronic manufacturers is
zeolite concentrator. The excellent efficiency of zeolite concentrator for VOCs
removal has been proved to be over 90%. However, the the adsorption capacity
of zeolite is reduced due to the repeatedly adsorption/desorption process and the
removal efficiency can be lowered when zeolite concentrator deals with high

boiling point VOCs.

This study aimed at improving the performance of zeolite concentrator for
VOCs removal. They were achieved by both field on application of combining
condenser pre-treatment devices and the development of new adsorbent that

could tolerate repeated adsorption/desorption process.

The condenser pretreatment devices after the stripping process was for the
purpose of pretreating the high boiling point VOCs. This could help to prevent

the follow up zeolite concentrator from damage. The performance of the



integrated system of condenser/zeolite concentrator could therefore remain
highly efficient for a longer operation time. Its annual cost would also be lower

than installing the zeolite concentrator only.

The zeolite concentrator combining condenser for VOCs removal was
examined in the semiconductor field test. The reaction temperature of the
condensers was controlled at around 10°C, it was relatively higher than the
traditional condenser reaction temperature. Both VOCs and water vapors were
condensed and formed liquid films. This results in an enhancement of the VOCs

removals, especially for VOCs of high boiling points or solubility.

This study synthesized a new adsorbent, hexagonal nanostructured zeolite
particles (HNZP) synthesized by aero-spray method, for adsorbent modification
of zeolite concentrator and examined the performance of HNZP for acetone
adsorption. It also compared the results with that of commercial mobil synthetic
zeolite-5 (ZSM-5) type zeolite. The HNZP was a pure siliceous adsorbent with
different values of pore diameler and suiface area being adjustable by the
manufacturing condition. The results indicated that a slight increase in the
average pore diameter (d) of HNZP from 2.0 to 2.5 nm led to an increase in the
acetone adsorption capacity even though its surface area was decreased, in
which case (d=2.5 nm) the adsorption capacity of fresh HNZP was better than
that of ZSM-5 zeolite. Even for the fresh HNZP (d=2.0 nm) whose adsorption
capacity was less than that of the ZSM-5 zeolite at relative humidity (RH) of 0%,
its adsorption capacity was not deteriorated after repeated regeneration, but the
adsorption capacity of regenerated ZSM-5 zeolite decayed markedly. Thus
after only one regeneration, the adsorption capacity of HNZP (d=2.0 nm)

became better than that of the ZSM-5 zeolite. The decrease in the adsorption



capacity of regenerated ZSM-5 zeolite might be due to its aluminum content that
catalyzed the acetone into coke and thus blocked the adsorption sites.
Furthermore, result on the moisture effect showed that because the pure
siliceous HNZP was more hydrophobic than the ZSM-5 zeolite, the acetone
adsorption efficiency of fresh HNZP (d=2.0 nm) was better than that of ZSM-5
zeolite at RH=50%.

This study also verified that the reaction temperature was an important
reaction parameter on the surface area, distribution of pores and particles of the
HNZP. The appropriate reaction temperatures not only led the precursor solvents
to be fully evaporated, but also promoted the micelles crystallization of
surfactant organizing. As comparing the materials synthesized by aerosol spray
method with the materials made by the conventional hydrothermal method, it
was concluded that both the time and the amount of surfactant required for the
aerosol process were much less than those for the hydrothermal method in

synthesizing mesoporous materials of the same surface area and pore size.
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ﬁib"l‘(ﬁ" Pl | ]-\;{ EIR= At 'm] y I}‘]LL-I» fx,kfﬂla,z,gg%7 YZ 'T
| sb@il‘\@‘ﬁ‘"‘k’gﬁ“rf}i TR ZERE TFT 4p kA2 ¥£2. VOCs
}%}i{é s P o B ey #‘pq/ﬁ_‘y QﬁLF, Flod S0 Ll fE= AF -~ ° }i’r,gé‘r
Pk dg R T o g B *4 (AR R VeV =R e SRS

7] L'&Flﬁpréﬁ*/L'ﬁfilﬁv}'ﬁﬁl i@% 8k \/OCs #7:% = 2_ 7]
B2 BRFEITR R F R E A AT SR ey T2 KA 12
X kA 2 i AJE VOCs »kir 22 X & > % o



12 3 ph

VRN T AT VOCS »2iy o Fl L AR 3\'\1 LR T w2 *
m@ﬁﬁ¢ﬁnﬂ§;%;5,gmng\mms@% HIFLA R L LR
%&Ei%ﬁ’%%ﬁ%?ﬁ%~k%ﬁﬁﬁ%@£R\V&Buﬁ £ pF
s A ST R fe2 00%2 thond o fRACE - A R 2 oA
%%6§¢?ﬂ$%%vm3% 2 RRE o WRIR R R T T R fE

il g2 FIHE Mt T RS R  s L A H T 2T
ﬁﬁ%ﬁﬁﬂiﬁr%%ﬁ%ﬁaame@#M’iﬁﬁaﬁﬂm%ﬁ
W2 R RBEBRTELATI SR T AT S E T RfRARGE A
P b AJLE * 8 VOCs B B4 7 g fhee L ART% im0 i
v IR A T i AJT VOGS »aa; 222 %k o

—

A kB g MR RS T D

1. BT EERF IV HR Y 2 VOCs St s 1L
BETFA PR TR R 4 i Bk Kq‘~ WOk i
VOCs 4 > 2 gralvn @ @l i = 2 2 el 1 (v 3 o R
/Fﬁe gLt S M~ 7 =~ MCM(Mobile crystalline material, MCM)
FED I BATA S g L WA RE ) R Y R F
i T U N F g R SRR VOCs BAEBGARIZS A R
AAT R ARz g R D G B ARR R A AR EGE
%t a2 VOGS 20 #77) s s M| = T JL A o

2. FAEMEFRATHGAILE B F A8 L VOCs A F #ril
Arz 2eit R 2 EHE Y A AHEERE WATOHETFE PN F R
LER P23 R AR R AR L R T 2 A AR E
l‘zjj-‘ﬁ,i—:« FdB S NIEAK-Z S EE ﬁw«-&-#’ﬂ’?ﬁvocs BEF A LA RE

@w #%&’;}'ﬂ‘\:‘}ﬂ’%ﬁ% é‘é\vi\ :‘fvu—iﬁ,ﬁ'—t VOCs ~»I;1.‘ZE’;§V%
%%u%*%whﬁagp{l ]‘g LV Txﬁ.fﬁ‘y{ﬁiiﬁff%‘g‘_ig\ﬂ\i '_‘_/kn,&
TR R BT A TR T B e R & .

KAy Rﬂi%ﬁmlﬂw% A AA#AF T 0 L B
K # é@% P HALAEE LEER AR R EE
T AT F RARA & A & & 3] R F 342 7 (hexagonal
nanostructured zeolite particles, HNZP) » #l # £ iv MCM-41 % 3t %

B tiF AT 20m e 2 e SRR o ¢ R R R

w
ETTRS
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o FEAEM T A LB T2

2 F ik EE R E 5
SR HGE AR RO B B3 F B ARA 2 T )

? C R AR

lfi’é.‘ﬁﬁ‘b'}io

4, FHEAMEA T HEE2 VOCs srprcd » BT BH e 55 |
LAV IREETE BRI IBEIBE KRG B A3 2 d o Pl
FI F BALR AT & 20 HNZP 2§17 L 548 5 ﬁ R VOCs 2§ ik
Bo < 1 B2 5Ok (acetone) R i o FF R A AT R A G fF 2 B
18 HNZP s it [ i pcie 250 0 T 821707 F g 1 % i

— ZSM-5(Mobil synthetic zeolite-5. ZMS-5)A]* 7 » 27+ H i 4
;;# ZEFEIEE Y 5 AR AE 2 VOCs Al saig v i Bh T B S
2. HNZP E & B~ {7 ZSM-5 A& 7 2 i3 o

AT AR Ao B 11 A7 o
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S B AR VOCs3% e iR # SRR T
R R B
B2 BFEMH Y Y
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X E T 31 2T 4
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Figure 1.1 Studying flow chart
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S S TRSHHEET 6 F 5 R

e

At T B k> TUHEBRGLET EAFRF T L

MR BEREA BT o @ LE BRI LR T R PR A

S BRBEPEREEF LI LR SR FPL L 4, z

MCM-41(Mobile crystalline material, MCM) % $i < 34 if +4 5 7 %7 A B 28 1)
ko FPRYIZFFEAFHAES o

“J

sl
T

k= >
B

AEMNITRE XPHD 2 MCM-41 5 B3 & S GH 0 A IS
B * T~ MCM 7252 3 BATE] S ittt 2 AR R 0 U Rt
WA2ZZF SRy FAodg 5 84 (volatile organic compounds, VOCs) -
ZFhmr oy R ESRGEE 4 0 77 VOCs 5 A& “3»“?%/%@-’—'#;'%@’
S RO RN E RS S Wﬂi ﬂﬁﬁﬁz- LR RN £ S
3 gk o 34k (mesoporous) i 4t f O T ERE LT AR
AR 0 B AR F A 0 1 TR RB IS AT E R BT A
BRI E P ABR G2 £ o

22 43ty I

w3 ¥t (adsorption) &_- ﬁ;f?-'ﬂ;}p AR-FHipz o LERG > d 3§ 3L
HAL4d G 2 3V P0G 3F 5L ¥ (active site )4-@® 2.1 #7577 (Buonicore
and Davis, 1992) - gﬁ\f" S AL A S R EH TS A I A
B T A MAF AR A G SRR T A ST A AN

1.4~ 32 ex *t(physisorption)

LR EARY o FHA I ERFI I A G 2
B TR AL AR S R A A G L B 2SS e
it R T AR AR 2 F BT o F %IV B 4p foek i
S A BEHERBERSAERF RER TR G A FU PR s kg
Aol e d AR S HAT R ¢ B B8 S v L 2 AEHM T
PPTALG H RS R 2 ARG B R -

\EN« Wl



2.1v & ¥ ¥t (chemisorption)

Bt RSB A Y WA F A
L gL T A7AL A 5 e bl g

Z

FE it ia A4
nklff-]»]];‘?f 4 ﬁ{;][» TE;" |34 lTy ; 5« 4 X

FIUL @ EAR S AR S L2 7 S w7

§EF R R

i oood AL B4R
LR 2 BRI Aem 33 AT T

] ;,_)sbzljg\'.ﬁ/%bs ;-‘]’0
Flov % R B 2.1 om0 5 PR S AT R 5 0T AR A (Szekely,
1976) :

1 R b

ESLE R

+ i S BB HIT - T3 ORRR B
REAT LR AL T O

b

2. *wm ¥t

w4 ’Erfiféc),@?; PR R A S S AT 0 &SIt A e &
BT R

Ay
jad

LG 4 TE Y B e v

%{ﬁﬁia ’“qu%grl»a\ FE-E%A,E}JW@EJ » 1) &2 H g
’ +m%€@]F&h,éiLfL§ﬁ-l‘$‘$2%
iE7 BT

ik
{k‘-r‘

£ "t %fr;} 3 fR 5 3L M ALYk ] 2 BT
Ve A MAFEIA D SRIGHE

’)\*‘( 'H\f‘p

mw; e

J& a2
55 % P P IRRATOTHR-

5. 3 Zat{EHIt i R

M T A

¥ ok Kﬁ AR | AN i1
o T RIA TS T AL T (ER

v H Bl 2 3V R g R 0

I3 AR it -
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2.3 %3t skl @lAe



1295 IUPAC (Internation Union of Pure and Applied Chemistry)z_ @ & > %
LR ERE I E) K )T A 5 = < 3 (Corma, 1997) ¢ (D). HgIt s
(microporous)+ #L » d<<2.0 nm; (2).# 3t j&(mesoporous)+1#L » 2.0 <d <50 nm;
2% (3).E 3t /& (macroporous)#t 4L » d>50 nm - @ & 'I“ii&*i A7 8 MCM 32%
ETECRF - ST SUE S S 2 SR L S G R A - PN TR S R R

BRZ SIS TR 2 2 3 E s B Ac R 21 %7 o F 7R
- HEfELE VR ' v 2 a2 3% 2 (Corma, 1997; Zhao et
al., 1998; Weitkamp and Puppe, 1999) -

#4217 Fd ’H&w SRkl Y A
A3 A & 2 4o ZSM-5 A (mobil synthetic zeolite-5, ZMS- 5)% y AN
moE RIS R E ﬁi}i#’“#]fii FEhFH 5 MCM-AL LK 425 -

24 53Vt R 2 iR
241 Eiead

B U a2 VOCS S B LY B S EEY LL"fii’}gk—i’p
T AEACE D B AL T A et e B 2 g g (X
Homap)s 2 A4 REATH g2 %8 F K r{.&\l% Jungton
(1977) 12 2 Moretti 22 Mukhopadhyay(1993) = & ¥ f FORHE @B N s B heiE
Mgk 4k s (Activated carbon fiber, 2004) 2 g R 1404 £ F 287 7 EEE T 0 2R
Tsai & 4 (1996):2 2 Nguyen £ Do(1998)F= 3 # I » M E R E A 277
Foo o P A AR LR o BB 2 R A T A dE l’g_r"t”ﬁ
Hussey £ Gupta(1996)2. # % 45 &1 » # F ¥ 7 f3 2 o i o & JU5H 1B 247 o
FiEd NEPRARIL A B FIAR R IEY g G P A 2R
R R AR LRI ST =S AR R 8 R
Whren 22§ BEINAF RA-LEHE LT AEETE LT AR
* A LB EM R T A VOCs v IT’H'xi\%l“ °

242 * %

FRLA LAY A4 T 2 ZSM-5 3174 F 234 F BT £ 4 H4rE) 2.2 2
B 23 #7177 c B 22 5 Y A&7 “-Hﬁ(Karger and Ruthven, 1992) > # 4 = %
;}ﬁé,(sm membered oxygen bridges) = &_g - Z&(double 6-ring) ¥ ~2_» 5 4§84



WA X ok 24 %(sodalite)ﬁf ~zrn MR T H S ﬁ‘%{i
itk AT 0 ¢ A2 - B 44 (supercage)

ZSM-5 A& % . p’fﬁ_% 3R Z at,}‘v’ ﬁ_ 4o B 2.3(a) #7 T
(Kokotailo et al., 1978) » # d & f8 e > w2 10 [ 2% (10-membered
ring)#t & = > [010] & .r;»i?[OOl]m 2 10 13~ Hzrl?ﬁ‘] 2.3(b) % (C)#17r » Flpt &
S22 IV ERET AT A A 0 - AAE[010]% T 7 IR E A Fli
A~ ¥ - B E[001]5 T 7R R A2 Ik g o

it 73t VOCs 2.+ /I% BT 0 % 5 AN A L A A e T (H
Brev § By M) BT s &ta 2 m oo @ Ruthven and Kaul(1993) 5 #2
FIAEB T AERE L EF 2R T BRFIG EGET AT RS
P B B AR T PABIES R AR TR T AT B2
PR S AL AN A Bt VOCs 2o VR G0 F Y “i%ff% d
ZSM-5 A& 7 35d Y )% 7 3t ex % atrazine (Bottero et al., 1994) ~ 7 322~
fr(Yenetal,1997)% 2 5 LT E2 o @ 777 P PR ZSM5 A4 2 L #
AX B 2B 4R gt VOCs s % 4 “re4 E (Chintawar  and Greene,
1997; lvanov et al., 1999) » b “t @ 4Eit A g BlA R A MARB 2Z % Y 4] 2
H-Y A]:* & 1+ 7+ 3 #g vz #7 7 % % (Farrell et al., 2003; Lopez-Fonseca et al.,
2003) > F]pb B F7 4EvE 20 B R F 2 7 g s b o 338 (7 4p BRI (Mitsuma
et al., 1998(a); Mitsuma et al,, 1995(b); Chang et al., 2003) - e 7 5 =~
(Swanson et al., 2004)4p 14 4F - 2 sc % ot VOCs »a % £ B 5 7 0 Ag
Hine v AR v R FI(15-40)% 598 2 F]% o m 24810 Y AR F
(DAY-zeolite) z_ & * # 7 (Chandak and Lin, 1998; El Brihi et al., 2003;
Monneyron et al., 2003)% % &7 » 2 481V A B (B 45 B 75 1 )R B ¥ 3 4
A2 3V A ] s Fpt B VOCs s s % 1t et osilicalite BB 0 2t h B A 4E
L ERE ) FlE R SR F 2B

@ 4efe Ruthven and Kaul(1993)F= 7 2. 3225 » 7 F d 3t T 3530 F fiu] 2
fﬂ%’ﬁﬁﬁéﬂwwbﬁ iz VOCs mr#-g < PIPUf] o #frd 5 3~
BRI BE SR LR R MR (TG P E R A
ko HE R0 E%%;':Zkrfeﬁfﬁ o2 TR (T AR T 0 M~ B3t 2 (Corma,
1989; Corma, 1997; Cartlidge et al., 1997; Beyerlain et al., 1997) > ™ 2 7 312

AT EWARE ARG o B D 2ATRHEZ ¢ 3 #42(Corma, 1997; Zhao et
al., 1998; Selvam et al., 2001; Lin et al., 1999; * % 4, 2001) -



2.4.3 ¢ 3k 43

PILEHLE ¢ A MCM-4L p s k2 88 BX AR % °

MCM-41 2 3% iF 477 "é,&rﬁ%?] 2.4 #757 (Beck et al., 1992) » H & # W
Al & 7 A iag’#w H 3tk = < ¥ f micropore( < 13 A ) %
mesopore(20~ 1OOA) Tlx o FAct 2 dpad 2z PR E B B

PR EH R ARE AR R % iZ_(Kresge et al., 1992; Beck et al., 1992) -

3 B3 MCM-41 2 #fl s > Bldodt F B e A5k ~ 3L < o] & 5 & 3¢
BEARF > -mFyHEC Br 1 X ks &R (X-ray diffraction, XRD)
(Kresge et al., 1992; Beck et al., 1992; Kruk et al., 1997(a); Sayari et al., 1997,
Kruk et al., 1999; Kruk et al., 2000) ~ 7 % ;% & + & picd(transmission electron
microscopy, TEM) (Kresge et al., 1992; Beck et al., 1992; Kruk et al., 2000) i
7 % ¥ ik (nuclear magnetic resonance, NMR) (Beck et al., 1992) %2 %
okt R GE TR 220 37 3 (Kresge et al., 1992; Beck et al., 1992; Kruk et al.,
1997(a) ; Kruk et al., 1997(b); Sayari et al., 1997; Kruk et al., 1999; Lukens et
al., 1999; Kruk et al., 2000) « @ MCM-41 2 -k 442 = 1+ (Ryoo et al., 1995;
Ryoo and Jun, 1997; Carrott et al., 1999; Carrott et al., 2000; Mokaya, 2000) 2
F R w20 ¥ i (Morishige et al., 1997; Sonwane et al., 1998; Sonwane et

.,1999)> » ‘gd — WA G HE IR F M B E LN FER R Y
#i MCM-41 #7 2 & 2 g+ 340 ~ 7 A B2 3V & <1 > ko] 2.3V F & 15 o
MR AR 2 RFBEREFT > R A AR pdet 1 RS Sg  LE 2 R
THEEFERE IS B2 > B ey flz 5 5445 0
2L RBIGAMER L B ARSI TR T F P ABR 2L £ o

F B B

P32 MCM-41 st % @ % 2. Qi 372 5 0= 5 v Bim g2
Ad BMAATREZA > 2R ARE S 2 R 100~150C & 48 )
%Hi‘ﬁ&ﬁ%ﬁgﬁiﬁﬁﬁ:iﬂp%ﬂ@mﬁﬁ%%#iﬁﬂ
EREEHE0C+2 3 iR4E 3 fﬁfiﬁ (S a R E R kit g2
53¢ 3V ik 4 (Beck et al., 1992)

BEAR LR AE A 2 N &gga%fgn@%%%%ﬁﬁi%ﬂ“#ﬁﬁ
BRE S FIPHAREFE L STG Ao E ZSME R4 F S
L R MCM-41 2% e * 2 £ v AR I o @ deie fpt AR P X
PR LR gE MCM-41 WAz o1 f & 2 W > & S8 1§ F ip sl

10



25 MW MCM-41 3¢ 2 § 54427 %
251VOCs % § % 4 4

MCM-41 p 1992 &4 Mobil = & 2 #3584 B 5 1) % 15 (Kresge et al.,
1992) - Mg AR B £ KB T4 B 2 3 8 5 SsoriplE(Beck et al., 1992) 0 H {2 k2
{3 5= -ﬁzfnﬁ;ﬁ;#ﬁfﬁéipi‘ o Hi & R ?]“,f T MCM-41 2 $33% 5 = &
B RSl B R Bl AFHEG 2B s YL
AHFDHHF PR 0 S EEZ B AR A B2 T T
AT e 3 BT MCM-41 sofg— B e 8 9 BE IR 2 S gE 0 2 [;Jc.f
(7RI 7 & 7 84 (Zhao et al., 1998; Branton et al., 1997, Branton et
al., 1999; Grisdanurak et al., 2003; Lee et al., 2004; Koh et al., 2002) ~ = 3 *%
(Zhao et al., 1998; Beck et al., 1992; Zhao and Lu, 1998; Nguyen et al., 1998;
Choudhary and Mantri, 2000; Hu et al., 2001; Boger et al., 1997; Janchen et al.,
1998; Chu et al., 2002; Serrano et al., 2004) ~ % #g (Nguyen et al., 1998; Boger et

al., 1997; Dahl et al., 1997) - 'z #f(Zhao et al., 1998; Janchen et al., 1998;
Serrano et al., 2004; Yun et al., 2002; Qiao et al., 2004) % ’T’p #¢ (Morishige et al.,
1997) & w vt B b 2 3 4 .

g,é;gwn;‘“x;ﬁg r:&ZZH‘JT%JﬁéPiF ¥ 47 # 2 MCM-41 3
:—-‘k’&- \gﬁ‘/g_g\xﬁf LR 4B B ‘?K_—; gﬁﬁ%’r# t o

251-1 a2

%’ﬁjbzgq" 2P VB A S 0 P HIFETY MCM-41 5 A B 5 % o
Hind 2577 'f;ﬁ pirafefla s v EReFEIVE - BB ET E
e ktiRsk o & W2 BIJH 2 BET 23a s #71F - 8278 MCM-41 2_ 345+ /]
FUAEDT 10 nm oo e FiE R 2 LS EA R sk T g et F o Fpt 2
%P%ﬂiﬂﬂﬁﬁﬁiﬂﬁ%+&10i4Omniﬁ’ﬁﬂ7&%u
2.0-3.0nm =+ 2 34 j5ie 7 VOCs s @ Bk > m v 4 o ff B - 4354 700 3
1300 m?/g

2.5.1-2 &8 2 07

TI* SRS E ST LB R SRS R L IR SR 2R
B 2T/ G R T AR E RS (AT HER ) E P R
B g A R (P)EZE R T Ao R 4 (Po)2 1t B R 0 d T A (B s 2
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* F\—‘«J’*‘,‘}k‘%&-f#’ SARCESE SrAC ST E B S AL S SR SN A EA N S
2. PR ER Y R 4ol 25 F 4 5 T~ #5(Brunauer et al., 1940) :

1. Type l: =~ 5 Langmuir type % 8 & i & > i@ F % 2 &2 3t ik
'7‘\ gdb T?L—r]’gg“‘ ’ L_P/PO #B;‘j‘@" lELig J~"/‘1];T;;"‘, )"Lrp)‘ I‘J'-\ ,gg’y lg
R IR S o

2. Type Il: ~ #i% S type % W‘:}‘K'Td’ HoAFF A AR #
BoBY - BEITEL AL FHBURS T WERE = 2 :ff‘i‘
EEAS

3. Typelll: B sifd SR E ARG > a4 A f WA S & AW
Y2 r]-%j %’\"'%@‘7,4,\ Fie® 4 pF o é;ﬁ%ﬁg\.—)-.‘\?;?}tvx o Al R34
]T/lu\'ﬂ-’ff’v/\ rl’/\ FI37 T 4 g lﬁf\l% i XE‘- Z_¥x ]1‘

4. TypelV: pr B g2 ¢85 ¢ 3Lk 53 s gime » 5§
W%@4ﬂd%’ﬂﬂwﬁﬁ*TweHwﬁ’%§%¥w%@¥
B o> F A I I B a A4 L IR % (capillary
condensation ) » & kR g

5. Type V: ptag F e il s Type [ 4p o2 > SAp R4 BB P ¢
FIAHRERE AL o T AES A RS HY MRS S o

m MCM-A1 4% f6 § 2 5 5 vn M - 435 % 0 ¢ ik 2% 2 type IV 3]
Bkt Aon HE R HRE 23t ja"(hlghly porous) » 11 % — ‘a(one dimensional)z
3% (Grisdanurak et al., 2003), # Atk % 2 Ap ¥R 4 4= R T AT 2 A
T2 RIGAER PR N E B RIZS 23V E 2 (Yunetal, 2002) -

@ % MCM-41 4% k& {7 VOCs w3 *fpF » S SRR F A §F
oo ek 2.2 #75F o Nguyen & 4 (1998)7 F,L &E—’p CEHE RSB
BMEFRE FIVeR e FEL w2 ZES A6 ¢ A type | B 5 type

(AVAERE: IV 1 1 1Ef¢i,§_VRKIT”TT§§'J7 ZL/{J—(]— 87-3.37 nm)bh’ NEFE LT ﬁ?wr
@2 EEeEs (AU 5 244-3650m 2 2.28-3280m) £ * ik o

RS TR ER RS A 2 5 > Boger ¥ 4 (1997)% My R A
4o 0 H %R e 16303 K 2 type IV % jbid % 3 353 K 2 type | »
H4t? ¥ 2 frsg $ VOCs 2 & fre g £ 4 PP AR > o = Nguyen % # (1998)
zjﬂ;ﬁﬁ;ﬁ%kn- jZ2. MCM-41> Rl A 3 ¥ % ¢ i} & 273-303 K &
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REFPEZAGLER  HEFsGAN type \VAR~SOES e
L% Branton % 4 (1999)2 Quio & 4 (2004)2. 77 % ¢ > R H AriE T2 %
(303-323 K)&z w= % it 5 (273-303 K) 2. & 8 v 't 7] ik /iq type V -

@;st “ri& {72 VOCs Z g%t 5 & P/Po=0-1.0 2 = FIp & (72 » H

BRI EA AR 0 T2 BEGHEE D GARR 0 102
[;J%FJ%'E-{’T‘ﬁL;’#"’Wféi’VA 1#5121’7&“1“1#1?]‘%9}1”3 typeI\IVfrV’ﬂ?
K$¢¢»ﬁawl%4ﬁgﬁﬁ$$ﬁ*z’_ R N S YA

322 4o Freundlich % 78 v s i kg2 o o Choudhary £ Mantri (2000)
2y T gl B (s 2 4 R e (<3 KPa) 0 Flpt i plRR A
# % i 100 K (348-448 K) » i ¥ r2 Freundlich 3 8 v ' HO5S kg2 o

25.1-3 # it 2 8

MCM-41 4 8¢ 2 77 45+ ¥ s € 5 ~ g-ke2 1% VOCs & fit i
4 p M B A TR L AR 02 o Boger & A (1997)4F 3t B ke 2 B 4B
(Si/Al=20-166)T 2. & #8 VOCs % 8w i 2 B« gk B > B %5 R
R 4El H.;z #ﬁa ‘;“ o p}'\ﬂﬁ—j}’—b:]"ﬁ' Tﬁ &Eﬁfﬁi 2:& M {Lﬁ b'ur,gnv‘* > pﬁ;;u%
BT > &8 MCM-41 4 F 40k 2 srigin 4 5 > Bavsn kb -

Zhao ¥ Lu(1998)z_ #= 5 4y v 7 47 = & 5 (SI/AI=15)2. MCM-41 7] 5 %
o oAT R ILZ R 5 i fE oyt (acid sutes) ) Aip TR 2 Mok HERF 2
R A type IV B § 2 2R A LR 5 A B 2. MCM-41
PlEIRB ek HEkF 4&%9{% type Vo E#-Hp MCM-41 i&- # #
it (silylation) s ] 2 gx-k 2§ B > 5 type Il & -Serrano % £ (2004)% 3 % W »
4273 BBEIRT ek Hed 4 MCM-41 447 % (toluene) 2. s *ae 4 o H 2%
TR F ;e F_A N x(pentane)Z Kb o PU4BZ T3 AT AP BEaR e 2R
itk o 2 iEH 4 Pf’ﬂ*iﬁ“’"'ﬂ AE2 T3 BRI AR F 2K 4 Tt
MrLpE gk F BT # VOCs sz st o

252U 2 554 %

M MCM-41 27 H 65 2§ A A5y 25y &7 i 4oz 3 00
(COy) > ? ¥ % % & 4 M4~ 7 (Morishige et al., 1997; Branton et al., 1995; Koh
et al., 1999) » pt #h &4+ = 5 it £1(SO,)( Branton et al., 1995)7* & 3 #2 7 & {7
U I :@Wﬁ@ﬁh‘? BAedvETHEEREEE > mTH T LR N o F
A (S AT R ARy M2ZBERTEF VERRKRSE 2 F 1A
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Btanton % 4 (1995)z # 7 % I & 195 K~P/P0=0.1-0.4 (P0=1434 torr) p= >
MCM-41 %+ CO, 2 % *fae # ¥ . 3—-7 mmol/g 2. &; @ % 273 K~P/P0=0.1-0.4
B IE B T B MCM-41 4 SO, 2 s ¥t # B1.5 5 2-5 mmol/g -

Morishige & £ (1997)>% 185.5-194.7 K z_ B[3E%E B T » % I MCM-41 4
COrz vl fi = type Vo Hevip £ it ARGRERFF T X ERAPEL D
+ » 3+ P/P0=0.2 pF % 2 100 mI(STP)/g - Koh % 4 (1999)p|# 4 CO, &7 ¥ =
(CH,) 2z s lﬂﬁ, %o &% % B MCM-41 &% CO, % 8 ~303 K £ 100 kPa
ZBMERT 0 ¥ Bt 05 mmol/g CO,; e . CO, ¥2 ® 4% (CHy)
ZEERRLEBET > B MCM-41 4 CO i E s viE &4 > 2w H et §
#rE 1 93 0.25mmol/g -

2.6 LEEHAMET 2R

Zhao % * (1998)% & * MCM-41 £ silicate-1~ Y J AT B
EFEF (benzene) s i gt (carbon tetrachloride) s 2 & & ’z(n- hexane)va
L ;f T ¢ #MCM-41 ‘Saai ¢ B D& F B o ~ &Fd By
(i F L :14 MCM-41 S gaid 5id R AR S e g% 55— %
Al Aet TR AR S T A e B A 0 TR T R R
REA RS K5 BARPEE Lt MCM-41 27 VOCs P& > 3o 8 4 fed' i v
MR R R e gt b T E L g T2 VOCs - MCM-41 = 2
35 Kt m Mz AR R 7rgi H o eIl ok e I‘I’E‘?'J'fif'/#’ TR OEMRKE MR

Xia & 4 (2001) 4 MCM-41 2 ZSM-5 i % i& {7 7 ¥ (toluene)=x *qip| 22 >
BRI A MCM-AL £ 3 et 20t &6 ff ~ TR A S T 03k B AT 0 F
@ EH S 4 R ZSM-5 A 2 R R gt b b T2 MCM-41 5ok i
77 4Ex A2 ZSM-5 A 2 3 0 i (B H R gF i ZSM-5 Bicdi o Nguyen
b"’ DO(1998)P % 7"dp 41 MCM-41 7 %% 't ¥ (benzene) &t ¢ fi% (ethanol) - 32
Y AAEE ERRBEREFS

aze;#eifquqwﬁgaﬂazawvmxfﬁww@»
Frod £ 23 9P B > T @ ArE s Y 20 F Rkt VOCs ¢ 6 0 A
FER e8P iF b oA %ﬁ MCM-41 @ % 2 % % > @ P o 3758 5Bz
e E G fE T 422 1000 Mg 2k o @A - BRI VOCs A AR
2B AT TR AL B F A AR RIL T F 5 AL BAE
B OBEARBMR AT A 0 A2 g% EAFE MCM-41 > v B HEH
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M2 W fr 8T Al FAEEY T2 RAR B 2 VOCs B f 0 A%
2GRk R A R Rl B R S Y LR
REJZ2. VOCs & 4 7 s s > FIRAR BA S H#-+ fgpss VOCs =
"ﬁ*ié'liﬁ‘u 2ok o T BR T T AR S R AT VOCS(§
glde b ) B Z v H b2 VOCs # 4 B & »T R Bk & . _Jf]é;_\P » 7R R
#3“4%:5‘_”*@)%;?12%%%&4 A R R R 2 R

ek B 1\23\3@:’,@;%\@4%\%1% 2. MCM-41 €.4p % i
@ff@ﬂ’—_ ER ~BRZ VOCs Bf " Evah v HEm@* BT EERA G
b s Al R R R 2 SR o eyt R /‘M’& bl OB
> "’E"‘“ MA R A P H SRR E L ﬁ?{r;&j/x %#ﬁd;ﬂ%&xﬁ,ﬁ ,
ATRORL D AN AR R AR R F Y T E 2 Mk R VOCs
p¥ o 0t MCM-41 2 55t S, type IV 3] » #2355 (R & VOCs » 4 5
T2k €7 dorx it B kA VOCs 7Rk BB > H 3% 4 4ot 5 (a3 04
Fo FlUEREA R AR T BRI SR L ks AT AR
e JZ VOCs Bilft &8 £ 20faldde o 2 5 My g AL F ot 247
% 17 élr‘ ¥ EIEER L.

?’ﬁ}‘w' }%‘7“ "-/%R%ﬁj#ﬂﬁ&p @% F}’%E”g]’\ ‘»(PE'B?#:%\:)\‘;#-:Z,
(40 ZSM-5 ~ Y 4] &)gr @ Sl 2 s i (4o MCM-41) » ek F R A G i E
AR N o dopt FEHE T AT s H - e A (A B P U )
SEIRZ AR A AR R k2 ke
2.7 4# 7k 2. MCM-41 44 #

2.7.1 %4 MCM-41 % 42

= )I?c“‘ i#{7 VOCs s kt#rig * 22 MCM-41 @i = 3% < Ri54p 07 >

W PN AE Y T T TR (B2 MCM-AL His 30dp o #00 o 2
r_ﬁ—ﬂ - F;}gg;}—iﬂlmﬁlﬁ_tﬁ)@’% ,4\1}1’%_& i’k%;fi.};t)% 'é_;fﬁ-"%q’i\“
v 3

TR 2 Lea 2 F fadmat e gy o

- 4 MCM-41 ¥ 3 jf w5t 20 344 o 2830 {i’as + /] »Zhao % 4 (1999)
BWitho kR ~ B gl 2 MCM-41 st » B3V S B v % B fiedb e
e PRIV SR A FV S B Hu &4 (2001)‘%5 % (beneze)
2o Rl F BT R F 2 RR R Rd Rz type IV % 5 typel
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Grisdanurak & 4 (2003) R 14 f& 54 2 ¢k B (rice husk) it 5 MCM-41 z_ % =
ARGk H o2k 8 @ (hydrogen bromide)ii i kists 0 5B RARIER
B2 B R A § 4 ARY > TEIDE E4 (sodiumsilicate) H 5 MCM-41
ZAH o s F Mg N fo- L2 MCM-4AL 4p & o B 958 5| 2
RH-MCM-41 &% *t e d® 3 % 23 32§ 73 24 ¢ £ & i g (carbon
tetrachloride, CCly)) ~ = # ¢ ')’TJ‘_’ (trichloroethylene, TCE) ~ = & 2
(tetrachloroethylene PCE)% 77 2% %«p# ' RH-MCM-41 % TCE 2_ ¥ " st

4 R EME 0 @ ¥ CCly 2 PCE 2 5 %itae # Pl RH-MCM-41 4p & o

2.7.2 § 18 MCM-41 $-i# %42

AT e g A L Pt PR AR S PR AR AL S
Lu & £ (1999)# p LArw e A e (tetraethyl orthosilicate, TEOS) ~ /4. i
L 2z H = 7 A 4% (cetyltrimethylammonium bromide, CTAB) - % A&
(hydrochloric acid) ~ z fi(ethanol)* 2 255 K & 2 v G52 &3 3 > 4%
FRRZEATsAR2 AG p g ER eSSV «J“/I‘v’Tﬁ}PJﬁ"S‘C‘}L’ miRr ARk
WA A E B BT TR LR N ok B2 T R Rt
VR g2 R PR S SRS R 0 IV S L ﬁf A 6~8 Fyz2 p
aﬁﬁﬁxﬁﬁi5%@%£ﬁ%i%*%ﬁ$W?ﬂ%ﬁh&MAli%
HAR B A2 & F o B A R T Pt A B A A FU s o

GF AR LSRR S R F AT LI LR AT 2 PR 0 B
""%JV"T}?EEJIL 4’ WLELXRED » Aol m }pf“}f‘*‘?lﬁé*\pﬁ oo g Bl (Fan et
al., 2001; Bore et aI 2003) ¥ & A 2 fedk @ (Bore et al., 2003) & 358 g% =1
ERZ PIViEHMTS TR M

28 ‘' %

MCMAlﬁﬁ%ﬂswwﬁﬁwzﬁﬁpﬁ4wkfQ’ﬁﬁ%ﬁﬁﬁ%fL“%
B IR R T30 > R F A W s A S R
PRET 0 R BIG IR R R A R 2 T T Fﬂﬂ#&”ﬁ s
3P B4 o i MCM-41 FIRARR I 2 5 304] > FI g B2 4 v &
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"L MCM-41 73 gk R RAR R 2 5 A F3E5R P 0 TR AR o
ATHA BALR < R RARRE E fe g o F OBARA AT E 2 M LT
Wk s e S RApT o DT AF LR LR BBk 2

GO RE 0 A B R ARG TR 2 MCM-41 o FIptiE oA ok R
FRERGE B RES Ry ERE- W R AL TR

PIVEF MR ERFEER R P2 RIF AL M 7 Ed
S ERAFETFR LI ‘«r'%‘ﬁ'ﬂ v &2 Hoarpt iz Bog 2 BCORETIRB
g 2 PFRER VA UFEREM Y o d M E LI ILFER TS
B b3y s FlRp w5 B Al iz o 4?%;%54‘*1-:}3" b2 g
% (Nooney et al., 2003; Doshi et al., 2003) » = /}%_P WEHRE R RES
A foex itz FAg o
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Table 2.1 Porosity and manufacture processes of typical porous adsorbents

e

PgEh F e

% 2 5

L ER2 3

AR ROE E 2 2 2 %
oo FUIEE A A eIt F &
) 4e3-5 A &+ 3 20-50
Asmot 4o ff 7 Rtz
WAzzZ 2 k> FRT &
400-3000 m*/g z ¥ (Sircar

etal., 1996) -

F1# F R e A B S R R g
B ARBKEARE TN ERE W
FAE N AR BB
A A SR S SN N
AR R o FER AR 7R

R RARRE T2 oA B A
2 R E 2 SRR
He kx5 PPt %0

BER#ERrRA D 900~1100C 38
FEtt s Bp il i A4 AAIVH
7ﬁw#,ww%ﬂﬂ¢mﬂﬁ
(Advance Carbon industries, 2004)

gy >
(Y-zeolite;
H-zeolite;
ZSM-5;
UTD-1 etc.)

- 4% % 5-12 A (Corma,
1997)2_ #il i~ <] o ion
ed 2 AR wlaee o ®
| 10-20 nm  * 3 2
% (Cartlidge et al. 1989;

Beyerlain et al., 1994)

v ZSM-5 7 % (Argauer and
Landolt, 1972) 5 &) » # 2 1 * ;41
w7 #9%=(TPA-Br) & £ TPA-OH #
i 4o tri-n-propylamine £ Na,O -~
KoO~ALO3~SIO 2 K ER &3 7% »
nof B 150~1807C » & 32 /] pFis ¥
LR

MCM #2%
(MCM41 and
MCM48, etc.)

EA LT A A LS

15

nm - wiEd RS
Ay ¥ Ao r Az AsAE

}1;7‘ R S A e A

d

v » T 3tge mia

éj ol Rm - T P

& 700

m?/g r2 + o (Kresge et al.,

1992; Beck et al., 1992)
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"2 MCM-41 % 6] » 2 — 452 v =
g g B EAIR L
se NagO %2 "R & 9B &2 73 7% » 1K
#4254 28 A 100~150C ~ 5
48 | L b2 B A KRR 0 L
L8 550C = -2 B R4k 2
*f i (template) 6 7 17 (Corma,
1997)
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Table 2.2 Summary of studies on the VOCs adsorption by the MCM family

T F R
) . s EE ! .
Bt fE MCM /¢ <) lg) K v R
(nm) J (Temp., K)
. Si-MCM-41 3.4 NA V (273-323) Branton et al. 1997; 1999
f Carbon tetrachloride Si(RH)-MCM-41 2.95 750-1100 NA Grisdanurak et al. 2003
* Si-MCM-41 2.25 1060 IV (295) Zhao et al. 1998
4;; Trichloroethylene Si(RH)-MCM-41 2.95 750-1100 NA Grisdanurak et al. 2003
° MCM-41; MCM-48 2.72;2.67  1100; 993 1V (303-323) Lee et al. 2004
+ Tetrachloroethylene Si(RH)-MCM-41 2.95 750-1100 NA Grisdanurak et al. 2003
Methylenechloride Si-MCM-41 3.3-4.2 NA NA Koh et al. 2002
Al-MCM-41 1.8-6:5 NA V (298) Beck et al. 1992
MCM-41 (Si/Al=20-266) 2.48-2.58 -+ 750-950 NA Boger et al. 1997
Si-MCM-41 1.87-3.37 937-1318 I, IV(273-303) Nguyen et al. 1998
Si-MCM-41; MCM-41(Si/Al=15) 2.30-2:95-7612-1180 1V(295) Zhao and Lu 1998
Benzene Si-MCM-41 - - 1V(295) Zhao and Lu 1998
MCM-41 (Si/Al=25-40) 2.25 1060 1V(295) Zhao et al. 1998
. Si-MCM-41 3.0 900-1155 1V (303) Janchen et al. 1998
M NA 1160 Freunlidch (348-498) Choudhary and Mantri 2000
i Si-MCM-41 | (298-330)
‘ 1.35-2.95  886-1120 Hu et al. 2001
MCM-41 (Si/Al=20-266) 2.48-2.58  750-950 I, IV(303-353) Boger et al. 1997
Toluene Si-MCM-41 NA 1160 Freunlidch (348-498) Choudhary and Mantri 2000
Si-MCM-41(fiber type) ~1.0-2.5 547-605 NA Chu et al. 2002
Si-MCM-41; AI-MCM-41 1.4-2.4 914-1310 NA Serrano et al. 2004
xylene Si-MCM-41 NA 1160 Freunlidch (348-498) Choudhary and Mantri 2000
mesitylene Si-MCM-41 NA 1160 Freunlidch (348-498) Choudhary and Mantri 2000
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Table 2.2 Summary of studies on the VOCs adsorption by the MCM family (continued)

methanol MCM-41 (Si/Al=20-266) 2.48-2.58  750-950 I (333) Boger et al. 1997
Ethanol Si-MCM-41 1.87-3.37  937-1318 1,IV(273-303) Nguyen et al. 1998
n-butanol MCM-41 (Si/Al=20-266) 2.48-2.58  750-950 I (333) Boger et al. 1997
n-oronanol Si-MCM-41, NA 1178 NA Dahl et al. 1997
prop MCM-22(Si/Al=54)

methane Si-MCM-41 4.09 1023 I (265) Yun et al. 2002
n-heptane Si-MCM-41 2.25 1060 1V (295) Zhao et al. 1998

2z Ethane Si-MCM-41 4.09 1023 IV ((265) Yun et al. 2002

¥ Hexane Si-MCM-41 2.40-4.24  999-1220  V(303-323) Qiao et al. 2004

MCM-41 (Si/Al=25-40) 3.0 900-1155 IV (303) Janchen et al. 1998

Iso-pentane Si-MCM-41; AI-MCM-41 1.4-2.4 914-1310 NA Serrano et al. 2004
ethylene Si-MCM-41 1.2-2.1 865-985 IV (144-148) Morishige et al. 1997

VRS R e AR R FEFTRIGESKR o AW BIH 2 BET 245 2 (8
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Table 2.3 Typical porous adsorbents used for the VOCs adsorption

LA i

L vt AR L 873 @)k -

2. FEBRBRBART  FHAFAIFEOFLI G
BV OEHE s mE 4t g % 2L VOCs
(bp>140°C)%L ¥t & 4 o

4, Bae R VOCsK &AL A3 B8 724
g2 2 de o

5. Wil § ARSIk Rk BBl 25 R f

LR 23
(Blocki, 1993; Zhao et al.,
1998; Fajula, and Plee,
1994)

1 227 i BfE TR -

2. VREREFBR L D F I ERFRES -

3. # ¢iii¢ VOCS R ELF i -

A ER FHAE A BT RS ORF RS RS
Efe 2 F % o

5. = MANGU0F o< o ¥ X 4 F VOCs # 4 EJ2 o

Pl >
(Zhao et al., 1998; Kresge
et al., 1992; Seo et al.,
2001; Kim et al., 1995;
Kim and Ryoo, 1996)

L TG EEGHE R AT S ERA

MCM-41 ,
2. <t L ﬁ s S GLF Y A}@pgp;xﬁwg ._gg:&;d,

(Zhao et al., 1998; Kresge PR -

et al., 1992; Hu et al, o

2001; Kim et al, 1995; > FREFKERTRA TR

Kim and Ryoo, 1996; 4. ® *t¢ 3tk BHRPEL By S type

Chen et al., 1993) Vo g @™ 3 kRS A2 prﬁ PR RE
OB D T R RGBEFIVT B AR A o
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Figure 2.1 Adsorption mechanism on the porous material(Buonicore and Davis, 1992)
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% (Karger and Ruthven, 1992)
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lia
Figure 2.2 Porous structure of Y type zeolite (Karger and Ruthven, 1992)
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B 2.3 ()ZSM-5 2]/ 7 34 i 47 &5 (0) % ()4 %) 5 [010]2[001] 5 = 10 Tk %47 &

(Kokotailo et al., 1978)

Figure 2.3 (a).Porous structure of ZSM-5 zeolite, (b) and (c) show the ten member ring
structures of [010] and [001] face, respectively (Kokotailo et al., 1978).
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& Hor & (Becketal, 1992)

41 34

& 2.4 MCM

Figure 2.4 Porous structure of MCM-41 (Beck et al., 1992)

25



Moles Adsorbed

1/0

Figure 2.5 Brunauer classification of isotherms(Ruthven, 1984)
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3.1 # Fwp
311 A %@ hippest i s sd s VOCs RZ

TR A T R A g s s s JRHE R AT E AR A RJL
VOCs ° i 7 # # &2 VOCs A # imAz4c® 3.1(3% & 4, 2003)#757 ° VOCs
BRF O IS FAGGEY gk A Rt e 2 S Kk
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1998a; Chang et al., 2003; Chang et al., 2000) % 7 8 (T 5% (v & £, 2001;
2002) > i £ 4 SLpd? VOCs 2 2 s s 3av i 90% 0 b o ¥ 35 EpF
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F. 314 R BT 4k

Table 3.1 Operating parameters of the condenser

Operating parameters Value
tube and fins type heat coil 330 mm(L) x 608 mm (W)x 457.2 mm(H)
total area of cooled surface for condensation 20 m?
total area of wetted surface for condensation 40 m?
maximum treated flow-rate by the condenser 3000 SCMH
VOC:s inlet concentration (designed value) 100 ppmv
superficial velocity of inlet VOCs flow 1.0t0 3.0 m/s
retention time of VOCs flow in the condenser 0.11 to 0.33 sec
temperature of the fab (Dry Bulb) 22t023°C
humidity of the fab (RH) 4010 45 %
inlet temperature of VOCs laden air flow 35t0 60 °C
temperature of ice water chilling coil 10°C
temperature of outlet VOCs flow 10to 14 °C
water content of condensed VVOCs (wi%) 40 t0 50 %
cooling capacity 51000 to 53500 kJ/hr
water condensed weight (designed value) 1.5 kg/hr
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Table 3.2 Annualized installation and operating costs of zeolite concentrator and the
integrated system of condenser/zeolite concentrator

i Integrated System of
) Zeolite .
Installation Condensers/Zeolite
concentrator
concentrator
Zeolite
. Condensers
Capital cost (NTD$) 6,000,000 concentrator
2,000,000 | 6,000,000
Useful life (yr) 5 7
Minimum rate of return (%) 10
Annualized present cost of the installation
1,584,000 1,640,000
(NTD$/yr)
O&M cost (NTD$/yr)
. . . : 960,000 800,000
(excluding the incineration consumption )
Total annualized net present cost 2 544,000 2 440,000
(NTDS$/yr)

40



Decoupling By-pass Balancing Ducting 5 l

P

" =

e — =l |
u PR
Cooling B L ]
. &
1 . - Desorpiion

£

- e —1

: Adsnrpm*lrfb _
C’,_L, v B ﬂ_ -

Patinar Berer Secondary Blower

B 3.1 7 s e At vk SLEJZ VOCs A # in42(3& % 4, 2003)

Figure 3.1 Simplified VOCs treated flow diagram of the zeolite concentrator plus incinerator
(3= & 4, 2003)
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Figure 3.3 Design chart of condenser
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Figure 3.4 Schematic of the stripping process (upper plot) and the VOCs control devices
(bottom plot) that composed of an integrated system of two condensers and a
zeolite concentrator plus incinerator unit in a semiconductor fab (The solid lines
are the VOCs exhaust streams and the dashed lines are the condensed liquid
streams of the VOCs)
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Figure 3.7(a) Removal efficiencies of VOCs as functions of boiling points
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Figure 3.7 (b)Removal efficiencies of VOCs as functions of Henry’s law constants
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Figure 3.8 Effect of superficial velocity on the VOCs removal efficiency (The numbers shown

above each symbol are their corresponding THC inlet concentrations)
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Figure 3.9 Comparison of the VOCs removal efficiencies (based on THC) obtained by the
zeolite concentrator and the integrated system of condenser plus zeolite
concentrator
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4.1. #F F

d * M41S(Kresge et al., 1992; Beck et al., 1992)2_ 44 5 B 7 = #4 » H < 1t
Z % % (>700m/g) ~ ¥ 3 A2k ¢ 4 (1.5~10 nm) ~ 5 3V ¢ - 4R
2R TR ARG 2 FR R R FH TR A T 2 E R
*E L E AR VOCs g f B ri R e MUR fEARTRIC 2 M REMM R o A IR
FARZPIVFH TG D A AT

4.1.1-k #.% & #-4 (hydrothermal liquid-crysatlline template) £z 5

p ¥ % B Mobile = @ 2. Krege et al(1992) 2 Beck et al(1992) 2 = ¥ it #
sl A2 A m ‘/p']%‘_fa?' jﬁo & J’j& se Na,O % -k % #R & 2% 7% KR E R4
F & = & 100~150°C ~ .48 1= 72 p pm i b 2 g h L AR 0 L e & 1S
4+ 550°C = r»@@ﬁéﬁﬂfﬁmmﬁm -1 (template) & % MCM-41
2P IR B R 50 EARE LA AR 2 X R B

A.1.1-1 K E R G A5 5

U E R S B p A 2 ¢ 3 B 4(Kresge et al., 1992; Beck et al.,
1992) » 7 A E PP Y AR NP BRERT > A2 REEY VA3
Figdik » %o 23R 2 Ko 8k R ACE H TR e kR (critical
micelle concentration, cmc)pF > B 6 /& A A F ¢ 2 FrokIRA :t&-;ﬁfd A
A 2ZI3dpied > G EAA - Frok AP @ R vt 2 fiefe (micelle) %
%’ﬁmﬂéﬁﬁ*ﬁﬁ“°%%§W¢ﬁ'mmﬁw%&’%%@w%
B *\""“'T' A% R e 20 P ,.‘ﬁﬁar—x SRR EkifpzZ P IV EHE e @
BRERRY 2T AW E LE MRS 2P K- T2 R E
Bt s BB RS B2 ",ért @ AR P IV 2 AL o

A1.1-2 fERGBEHFAERHUFT P TR
Mk BARRWUE Y SRR TR AR R EAES

FEATRD 2 o T Y L g glats 2R
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&éﬁﬁﬁ%CﬂMNﬂ<M*T’Agﬁ—@ﬁ@+,T%@¢$ﬂﬁﬁ
AL 2 34T 8- ¢ H 4 0.225 nm - (Beck et al., 1992; Beck et al., 1994)

2. : TR o B A Ewpéﬁﬁﬁ#ﬁ

Kf 7% * 2 CNTMABr & o B & ek > 72w 4o Hois g (5 &] K A5 =
:*»Lﬁ;,d%:zi]g;ﬂ*;r,]v}ﬁg,]v}%‘w7;135, SR T 2 L A se gL
AR5 £ & o 4o Tanev # Pinnavaia(1995)i¢ * ¢ [ ixi 2 B & m &
MRS &3 F B > FLHFRI NPT s B#qET Ty » 1
B A G4 L T A s e f Mrks\f%ﬂ'“né’*%m\ﬁlmmb‘ﬁw’é_
if?t{,__‘wﬁiiﬁﬁ*i%’ab;i‘f/wm’rﬁ.ﬁ'%‘“@‘ﬁ‘*’ POk ﬂ%ﬁ‘f’*
ek A F 40 1,35-= 7 A % (1,3,5-trimethylbenzene, Beck et al., 1992)
% it 'z 3E (n-alkanes, Ulagappan and Rao, 1996) a@ifjt Sripk R
%’Eflgﬁﬂmuﬂfﬁ%%\wwkﬁ@ﬁfgwI%&iﬂﬂuwﬁW%ﬂj
S 2 BE P EAR s A E D LT IR B P e

BHE &Rk IT RN P

PREIRBIIFE LTSz Apy 20 B o HF PR
(Chen et al., 1993; Khushalani et al., 1995) ~ /& & (Chen et al., 1993; Beck et al.,
1994) ~ ;3 % % = (Khushalani et al., 1995; Behrens etal, 1997 )% pH # & &
(Hitz et al, 1998; Cesteros and Haller, 2001) % > & 5 F 3% i S8 Ak #4825
ﬂﬁ%ﬁﬁ’%@ﬁiﬂﬂﬁﬁﬂﬂﬁﬁﬁfﬁﬁuﬁf‘“@11’@
L ET R AL £ E T - 22k (>1000 m*g) ¢

REARR R Y T R dp R AR S A R &
A AR BHEHR B F Dk R gt TF 2 & A
E A LV 5 Corma(l1997)#7 F 23k 2 o BEAR I R AE W P 3L
R S ﬁ%&&%@%’nﬁﬂéﬁﬁméﬁlm PlPALS 2 112
TERZ A LR RE R B FREREESFEHE 2 2 PR
WAREE LR R

4.1.2 "R % f #ok 45 (colloidal crystal template) 42 &
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"EEMREFRZP AT R F L RN B Bl i 2 TR R
AELH R 0 R S MO A WA Y SR R e 4 e 30
z & ‘g\'ﬁﬁ#' [ 3 & B3 F RS ARG B o A BRI R
S ERBRMRZ I FR SRR A2 ST S rﬁ‘/ﬂﬁi};*’-’;/
R db Mok 4 gE f A E R RS T T L AR G RRIE Y 3t
2 e

A Velev 2 Kaler(2000)# 72 3% F 4 $73%#% ¢ s silica~titania-~ zeolite ~
CdSe ~ CdS ~ PMMA % polymers % 14 fF327 jgd st 425 WA, 3VRR
AR @ g ;‘é EEHRZIEAF TRORERE KT EEE PR
FRFENTE  ZBREHMRRIE > T EDTE SR
BEood 3t p o ﬁiigﬁ IERCF © i Aok (polystyrene latex - PSL) & it 5 H4
ZERETETELHFORED ERRAPG R 2 WAFES 5 L
Flpt S LRI H 22 A HE 2 -

41.3 F #irse p AR E (aerosol-assisted self-assembly) 42 7

ERFIL 2 FFH 2R LR P 2R IR E &S E e

o %é %ﬂ ’)::”IE-‘%/'\"‘D},?%CJ { Kﬁ; TR SRR & 22t B PRE
R ELUE A (1999) 1 Loz o AL pE @ (tetraethyl orthosilicate,

TEOS) ~ &1+ L = 2= 4 = 7 JL4a(cetyltrimethylammonium bromide, CTAB) .
# e (hydrochloricacid) -~ ¢ fz(ethanol)* 2 33 K& 7 et 5JR &3 ) >
FI* 5 24 p AR B % g (evaporation-induced self-assembly, EISA) s 32 12
F R Frrl A F ML«EB AR B (aerosol-assisted self-assembly, AASA)
2 We B P T A I GHAS SR e R EERS ST
%ﬁﬁ%?@%ﬁMOWME%ﬁwﬁﬁmiﬂﬂ%ﬁ%%ﬁo

A13-1 7 Rg F 86 7 7 74k #1722 AASA 1/

p AR E (self-assembly) 2 La)r—kﬁﬁ,,,ﬁ B3 e 2 HA A
PaediE widks “EELY S FERA AT I E G
QE@EFHJ%@FF@\ﬁR,ﬁﬂ*?ﬂﬁ%ﬁ{$?%%ﬁ&
F oA PR G EEEAF AT BRBE g RE e N2 B LS Hy
AR ARG RS RS S+ R o

-

B4.1(Brinker et al., 1999)F . p AR B E > F R S AER &
% 2o M B et Bz kB (critical micelle concentration, cmce)pF - H R 6 E
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MR R LR EENA N A(drBl41P R R ®mAtemelpE) 0 A - B
Fod B AR R ACE 2 omepF o fom B A G P 2 g J»“'Uv\%%ﬁ-r’ “E R
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A AP R B S FH AN AR 5 A AR

EEBAE AREN A PR B S 2R R ¢ T
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al., 1999) o @ b picre 7 BT A L o T iR T R SRR R 2 R iR b, A
A% s 2R BRI e d SPAASARE A PR e BRI R A R
AR Al A L MR g B T AR L AR
W2 EEbi8f ViR kB A105C L R ERT R SET2 ] FEIL Y 2
E PER o

fOGIE B RS > IR L R G R AR R o Bk
FOEPE G TR B o s BF R SRR S AR
Sor AR 2 R AR G AL SRR TR 2 pURE A RIT TR R

it 45 R 213 10nmz_ @ 3t if 438 o (Luetal., 1999; Fan et al., 2001)
4132 7 RF FHG 7 T HF L
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(micro-emulsion)4-PPGA, PPO(Fan et al., 2001) ¥ 5 & & ¥ ¢ 5 fcar ¥ &
IR E BV G REHAEEAE A RIS IR -
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Bore et al. (2003)4‘:514? 4 l#uCTABp Bom Bz K A o
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7 %2%‘34 JZ X ] e

JERE R PR N R N
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etal.
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HZNP ‘5% 8 % "} AASA 25 @ & 15 > B8 1% 7 ddh g 3 &
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Brunauer-Emmett-Teller (BET) > i= & & 45 HNZP 2 +* % 6 ff & T 3234 T o
LAt B AR AT
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HNZP 2 26 %2 2 3 A A S ARRE A B R £ REP w11 3 247
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Figure 4.1 Procedure of self-assembly(Brinker et al., 1999)
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organic

reservolr

Bl 42 # B A TR 6 B EH = o2 pieve S & (Brinker etal., 1999)

Figure 4.2 Micelle structure composed of silicate and surfactant(Brinker et al., 1999)
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Figure 4.3 Experimental setup of AASA method to synthesize HNZP
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Figure 4.4 Elemental analysis of HNZP synthesized at 650°C: (a) before heat treatment for
five hours at 500°C ; (b) after heat treatment for five hours at 500°C
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(b) without CTAB

F 4.5 550°C & % HNZP 2 TEM 4 {4 (@)% ¥ 573 4| CTAB/TEOS ¥ 2 1 0.1 3 (b) & i
4 B @ % A (CTAB)

Figure 4.5 TEM images of materials synthesized at temperature of 550°C (a)with 0.1 molar
ratio of CTAB/TEOS, and (b) without CTAB
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Figure 4.6 Effect of reaction temperature on the pore diameter distribution of HNZP
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Figure 4.7 Inter-relationship between the geometric standard deviation of pore size
distribution, the surface area and the average pore diameter
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Figure 4.8 XRD spectra of HNZP synthesized at different temperatures
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(b) 500

B 4.9SEM 2457 I F Joif & % HNZP s A i 85 2(a) 450°C ;5 (b)500°C

Figue 4.9 SEM images of HNZP synthesized at different temperatures by the AASA method
(@) 450°C ; (b)500°C
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(d)600°C

B14.9 SEM 2177 kb F il & % HNZP # i A i 8 25(c) 550°C ;5 (d)600°C (&)

Figure 4.9 SEM images of HNZP synthesized at different temperatures by the AASA method
(c) 550°C 5 (d)600°C (continued)
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Figure 4.9 SEM images of HNZP synthesized at different temperatures by the AASA method
(e) 650°C (continued)

74



1000
800 —
@
N
£ 600 —
@
o i
@
)
3
€ 400
>
n
200 —
0 —

I surface area
[ | poresize

200

— 160
<

1207
(O]
15

f £
&
©

80 §
o

— 40

0

B 4.10 HNZP £ 2 15

2 3 4
Sample

SAUEHLL LG BT R

Figure 4.10 Comparison of surface area and pore diameter of HNZP with the other porous

materials

(Sample 1: HNZP synthesized by 550

AASA process with CTAB/TEOS=0.1; Sample 2:

HNZP synthesized by 450 AASA process with CTAB/TEOS=0.1; Sample 3: 550 AASA

process without CTAB; Sample 4: hydrothermal method with CTAB/TEOS=0.1; Sample 5:

hydrothermal method with CTAB/TEOS=0.65; Sample 6: commercial ZSM-5 zeolite)

75



I~ HNZP #% * ZSM-5 3 7 $f VOCs 2 = 5% & 45 34

g e

CEFPHAF LG HFR T AR L AR TR &
A TR A KRk R E R ICERMEF Y AL
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Firﬁ*f‘ﬂ}?’ﬁ‘&%”%%?‘;%" BATRHEME 2 0 AR T ArH R HA T

3B x%mo
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& - (Corma, 1989; Corma, 1997; Cartlidge et al., 1997; Beyerlain et al., 1997)
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1992; Beck et al., 1992) o 4 + 5 # 1 *Fl 417 £ 4o ZSM-5 %] (Chintawar and
Greene, 1997; Ivanov et al.,, 1999) ~ Y A& H-Y F|(Farrell et al., 2003;
Lopez-Fonseca et al., 2003) £ # 4% % 2_ # éc‘? b H gt e i VOCs s % {25
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# 5.1 LA 4

Table 5.1 Material analysis of the adsorbents

Surface  Average pore

Adsorbents 5 . Pore structure Si/Al ratio
area(m</g) size (nm)
ZSM-5 zeolite 356 2.7 ten-membered 48
rings
HNZP two-dimensional pure
synt4h5egloz(-e;d at 750 2:5 hexagonal phase  Siliceous
material
HNZP two-dimensional Pure
synngeglozgd at 872 2.0 hexagonal phase SI|ICEO-US
material
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. End
" treatment

> GC-FID

1.air cylinder and control valve 5.moisture generator and

2.humidity and HEPA filter thermostatic water bath

3.mass flow controller 6.mixing chamber

4.VOCs vapor generator and 7.thermostatic adsorbing system
thermostatic water bath 8. GC-FID

B 5.0 % A 2 SR

Figure 5.1 Schematic of the acetone adsorption system
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—— 4 Adsorption of ZSM-5 zeolite
400 — % Desorption of ZSM-5 zeolite
—@)—— Adsorption of HNZP syn. at 550 °C

4@7 Desorption of HNZP syn. at 550 °C
— A Adsorption of HNZP syn. at 450 °C
—2ZN\—— Desorption of HNZP syn. at 450 °C

w

S

S
|

Volume adsorbed cm3/g STP

100

0 | | | | |

0 0.2 0.4 0.6 0.8 1
Relative pressure (P/Po)

B 5.2 ZSM-5 ] /* £ ¥ 450 ~ 550°C & = HNZP 2 § § = %i'gd &

Figure 5.2 N, adsorption-desorption isotherms of the commercial ZSM-5 zeolite and the
HNZP synthesized at 450 and 550 °C
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— () Fresh ZSM-5 zeolite

— I HNZP syn. at 550°C
A HNZP syn. at 450°C

Adsorption breakthrough curve (C/Cg)

0 10 20 30
Adsorption time (min)

Bl 5.3 27 ZSM-5 A]i* 7. £ 450 ~ 550°C & = HNZP '3 ik 7. 7 o &2 vt 1

Figure 5.3 Comparison of the adsorption breakthrough curve of acetone vapors between the
fresh commercial ZSM-5 zeolite and the HNZP synthesized at 450 and 550°C
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Saturated adsorption of acetone (mg/g adsorbent)

Zeolite HZNP syn.  HZNP syn.
at 450 OC at 550 0C
Adsorbents

B 5.4 237 ZSM-53]* % £2 450 ~ 550°C & = HNZP 2[5 fit &6 frex ' £ 14 i

Figure 5.4 Comparison of the saturated adsorption capacity of acetone vapors between the
fresh commercial ZSM-5 zeolite and the HNZP synthesized at 450 and 550°C

91



1 _
~ i
Q
S 08
)
& i
o
(&)
<
o 0.6 —
>
o
s —
<
©
o
o 04—
_5 8 @ -~ Fresh zeolite
§- + Fresh HNZP
3 0.2 — [{ — Zeolite regen. once
-c J— =
< — g HNZP regen. once

— A — Zeolite regen. 10 times
—&— HNZP regen. 10 times
0 ‘ | ‘ |

0 10 20 30
Adsorption time (min)
B 55 2AT& F R 418 AR qfAfr2 | 7o St (HNZP 5 550 & =)

Figure 5.5 Comparison of the adsorption breakthrough curve of acetone vapors between the
fresh and regenerated adsorbents (The HNZP was synthesized at 550°C)
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i Fresh sorbents
CICJ Adsorbents regen. once
e 80 I Adsorbents regen. 10 times
3
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Zeolite HNZP
Adsorbents

B15.6 2378 F B 4 15 & S R SH [ fib 2 48 fork it £ 00 R (HNZP 5 550 & =)

Figure 5.6 Comparison of the saturated adsorption capacity of acetone vapors between the
fresh and regenerated adsorbents (The HNZP was synthesized at 550°C)
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.| Fresh adsorbents

| Adsorbents regen. once
I Adsorbents regen. 10 times

100 —
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S
|

Best VOCs removal efficiency (%)
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20 —

Zeolite HNZP
Adsorbents

B 5.7 23780 F B E 4 (8 & b2 B i ok v i (HNZP 5 550 & &)

Figure 5.7 Comparison of the best VOCs removal efficiency between the fresh and
regenerated adsorbents (The HNZP was synthesized at 550°C)
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peak of coke band
Y Zeolite regen. 10 times
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Figure 5.8 Detection of carbon remained on the adsorbents after repeated regeneration by
FTIR analysis (The HNZP was synthesized at 550°C)
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|| Fresh sorbents
[ | Adsorbents regen. once

3 I ~dsorbents regen. 10 times

Percentage of trace carbon in adsorbents (%)

0 — —

| |
Zeolite HNZP

Adsorbents

B 5.9 2372 F R 4 (LAl AL~ % 4 17(HNZP 5 550C & =)

Figure 5.9 Detection of carbon remained on the fresh and regenerated adsorbents by EA
analysis (The HNZP was synthesized at 550°C)
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|| Fresh sorbents
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Figure 5.10 Comparison of the surface area between the fresh and regenerated adsorbents.
(The HNZP was synthesized at 550°C)
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Figure 5.11 Comparison of the total pore volume between the fresh and regenerated
adsorbents. (The HNZP was synthesized at 550°C)
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Figure 5.12 Comparison of the adsorption efficiency of acetone by the fresh adsorbents at
RH=0% and RH=50% (The HNZP was synthesized at 550°C)
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Figure 5.13 Comparison of the saturated adsorption capacity of acetone by the fresh
adsorbents at RH=0% and RH=50% (The HNZP was synthesized at 550°C)
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