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Abstract

The objective of this research is to improve adsorption efficiency of adsorbent made from MSWI (Municipal

Solid Waste Incinerator) fly ash by HNO; activation. The acidity and the basicity were determined by Boehm’s

method and the surface structure was studied by BET method with N, adsorption. The adsorption properties were

investigated with benzene and MEK (Methylethylketone). HNO; activation can modify the surface property of an

adsorbent such as specific surface area, pore volume, and functional group. According to the results, the specific

surface area of the adsorbent was increased from 309.2 m¥g to 553.2 m%/g by activation. Also oxygen—containing

functional groups were formed on it.
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Aol ol Hel 47 EEE o] 9l
A 21 3o Mgt g A7 AdE
wuEgc sad FAAE tdos Hes
we) st gdn 724 4Ae W A2
U7 AL FAE Agel folka o
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FABAol weh W) dEe) SR 54

244 AR wHe s 78l Tsﬂ
= ojsie}l (2, 2003; Moreno—castilla er al., 1998;
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4 B FRAE A4S AN 3719 Sl
EAto g €40 A3} (Adams ef al., 1988)7F

ofib= Aoz atelx 9o} King (1993)2- F7|el
xZA1Z) sugar carbon® ZHE] SAMN-E FZEe
Roz il AbstE: 299, Pierce et al.
(1951 o] AAE ol et Fro] ZPA 3
C+H,0=CO0,+H,+C—0 complex

Atglell o8] AAEE dEAH 9 C-0 complexol

+ carboxyl, lactone, phenol @ carbonyl 1§ 52
=

S 4 ¢lom, carboxyl, lactone, phenol LF-2 AMAl

ages BFEY AE A=z AdE carboxyl,
lactone, phenol 1§34} 72 A4 28 7152 A4
R} 22 A FERA skEkEEe
FAAE AT et 2de] A4 Fel o1
sl Pol weh mRe A4el Aede WA 9
(b9, 2003), @Sl e B4 W FAA
e sl 4 F4 899 % 5
=20 JPAA] é
g FAA (AdH3E 5 003)7‘1%‘

GEA 42 FFHAY 75
w2 ogfe] o ZA ’5}%3}—‘ ﬂ—i ‘QEW 9&1]
TH(o] 3], 1996) o} A7t wAb 2 A xd FAA
o &y A3t HE A7 A9 olFelAA o
3 3o ool Hgt A7) Fsi.

et B d3e oAb Alzd FAA
4% NS 8k JP W A A aEE
AAAF= Aoz oA (Moreno-castilla et al.,
1998) HNO, 2. $43H8 +5ied F2A] 22 -
3hEtA BA wslg a8 sk eh =3 33
A G FAAS) B4 s §2 546 vAE
°d & benzenes} MEK {2 A& F3le] 23}
Aot

Aol1 B

Az Wy
ol Aol £3E T A7 AF(E% §, 2003)

23 gk & ARAA AT A7 ule
1Y 2] &5Fo] 200 on/dayq]l =A|THH7E 47

TR 718735 EA] A 214 A4z

oA AFH AT FEF AxE 98l 105°C
dry ovenell A 24hr Az A|7]2 150~75ume] YA
o2 A AR % WA B FIEE A
Asta vlAkAl 9] vlEEAE 7141917 S £
4 shoich 44T 3N NaOH 49402 o]
1:10, 100°Cel| A 12 hr BHSA1 AT, $A§HA o] B
vjAbl = pH7E 7o) & wj7hA] Alste] 105°C dry
ovenoll A 24hrget Azdct (A% 5, 2003). &
3 Aol B a7blsh 150 um olehe] YA 3
+ coal tar pitch, 28] 17 FAJ3HA| ¢l K,CO,E 4:4:2
Wi%e] Wl E5a o] Bg Wrbsel A7
3mm, Z2¢] 6 mme) cylinder typeo.2 JAMZ} &1
o 283 Sde] A AAHE=F 105°C dry
ovenell A Axd o5 L= 2o 7hed A=
(USA, Lindberg)E ©¢] &3} N, & 30 mL/mine 2
E2|FmA] 800°CellA | hr St BA3}bsl9ict. &4
3 ¥ Fae mwel dolale BAH HEL A
Ast pHE z4s}7] $J8 05N HCIZ 2hr o}
Fol WA @ F FR5z 4+ 3 ARse dzs
ofek(Hel< 5, 2003). ol A 2rhilAAE Az
AA S 2 dFolMEe “FAA e sl

o

2.2 HNO, 43} aiy

Azd FAA wd B4 222 ouAY 3
& A3 (Leon Y Leon et al., 1992)& X3l AA
3ttt 5M HNOE ©]-8-3}ed 100°C, 3 hr, S/L (Solid/
Liquid) ¥] 1/58] =70z #A]3}s9c) 2= =4
& B e olgokc) BA B F
Z552 53] HA £ 80°C vacuum dry ovend]
A 24hr 3t A 2A1F S HNO; 843318 b3l &3
A& B Ao “FAA-N"olg}a1 #ird syt

rlr

2.3 &=Mel 2 §4d

05'.

7t

231 B 4% ¢ B Az £

=3 Abx: Boehme] e Fshdlo] o)sle] 7]
A4 g HE—‘WN %3 AAE o143t (Park
and Kim, 1999). 4 A|&3 A3 1.0ge FHsl
0.1 N NaOH 49 100 mLE 7}3le] U2A|7) o}
24 hrget 7t o3t 45 20mLE 3
o] 0.1 N HCl g4 o2 At ol xA|efe-
Hezedd 4948 AHE3tde. = AR (acidity)
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Acidity (meqlg)—=

o714 ax Al&F #H718HA] 92 0.1N NaOH 4
o} 20mLE 0.1N9] HCl $oz AL o, A
el 4A%% 0.1NHCIE] %F(mL), b A8 A7} &
AAe A®E 0.1N HCI &89 oF(mL), f= 0.1N
HCl €992 factor (20°Cel|A] £=1.002), N-& 2|
AR HCL $949) 5% (%, N=0.1)& ehis, M
< Agell AR ARS] < (1g)E ou]g.

29 @l=] EA = ;A HA5 e AR
of we} APstgon, Al Ay} S8-2 0.1NHCI
2 A L4942 0.1 N NaOH, X AJ ek wigl o x| &
AHg-31d T

2.3.2 pHY pHpzc
F34) 2] pHE ASTM D-3838¢] uwhe} =3}
SH(4A 5, 20000, AZF AR 0588 FF4 20
mLell AH7sted 12hr o A3 F, o35l pH
g A

2.3.3 EOo| MME B
HNO, #43 F QY49 s 4
< Boehm®& o|-g3}e] elajsivt. 1
€ 7b=rl 98 ¥ 579 01N 749 (NaHCO;,
Na,CO;, NaOH, NaOC,H;) 100 mL7} &) gJ%&= 250
mL Ee}AF0)] 747t @Yo Uiste] 24 hr wubske]

473

o} o] 8998 membrane filter (p=0.45 um)= o] Z}A]
7l & A5 20mLe F3}ed 0.1 N HCI= 943
skl A (el wheh Axbsheleh AYE 429 g
IEFS A2~ Wez 73k} (Chiang ef al.,
2002).

NaHCO; & A 7k =carboxyls (meq/g) )}
Na,CO;—NaHCO;=phenols (meqg/g) 3)
NaOH —Na,CO;=Ilactones (meq/g) “)
NaOC,H;—NaOH —carbonyls (meq/g) (&)

2.3.4 H|EHHY Y HT 2N

Age] vlEdd g AF F2E 2] 98t
BET v]Z® A 2x7] (ASAP 2010, USA)S AH4-3}
o A|8E 350°CE] N, #417|eA &3] @718 ¥
FHLE TTKoAM ALE AM43te] v]EHA T A
F27) 5& FAs vEED 29 A N, 23
o) WAL Melhe A%l AT muli-
point-BET (Brunauer—-Emmet t-Teller)®-& ©]£-, N,
3 BAbe) DAL 1624%2 3o AAlsigie) =g
3 A2eAT AT 7] 2HE Kelvin Ag 7]
202 3l 7|38 BIH (Barrett, Johner and Halenda)
method & o|-4-3}] A4bs}aict. |

2.3.5 Benzene % MEK E%t EM Zy}
2 gFo EF&AAE v)2A E2 2 Benzene,

o
=
34 242 MEKE Adsld 714 3453 94
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Gas generation part

Adsorption part

3
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7. Adsorbent

1 2 4
1. Silica gel 2. Activated carbon 3. Filter
4. Impinger 5. Flow meter 6. Three way valve

8. Gas Chromatography

9. Pump

Fig. 1. Experimental apparatus for On-line adsorption.
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3.1 HNO, EMsjol mfE EXH EW 549
T

F47] FAASH FAA-N9| 235 B4¢ £ 1o
el gleh 94 HNO, ZA13} Ae] FAAS EAS

AHEn mEHAlEE 356 meg/g, EHE7IE 805.6
meg/go EH H71E7}t ¥& Aoz Jehte
o pHE 10.1¢] Ao viefsieh it Ay 247)
2 B85 % carboxyl, phenol group2 EA131A] ko
=, lactone groupyite] A ZAsl= Aoz viehy
o} ol A& FAA Az A F 800°CoA B3}
she 3ot vk F2A F 2T U g 94
7} ERelA Axpg A g A7) HA #el] wp
2} Ax} b3 3} (Dimotakis et al., 1995)H & Ao =
A7tEc) o) 3 ®d shh-Akd =maio] #57)9
kA sh= ofg A A FHRA: 72 AR F
A 2 3xz2 A3 (Dimotakis et al., 1995)A1A, 1
Sab w24 Aag TS HE 2

CO % CO,9 ez W& (4Ed, 19994178 7

R 7| @A EHA A2 W A4z

Table 1. Chemical characteristics of FAA and FAA-N.

FAA FAA-N

Acidity* 35.6 420
Basicity 805.6 100
C (%) 42.1 42.1
H (%) 0.5 1.4

O (%) 7.6 216
N (%) 02 0.6
S (%) N.D. N.D.
Carbonyls* 134 330
Lactones 35.6 220
Phenols 0 120
Carboxyls 0 80

pH 10.1 3.8

* unit : (meq/g)

1 AbAE TR AL EY) S
8 T2A2 HNO,= BA138 FAA-No| =@l =
A (E )& A2 Ad) HNO, 343tz iilss
420 meq/goz A Zrletgdz THE7|EE 100
meq/g o2 7rAaste] pHE 3.8% Aoz yepyd
FAA-N2| 94EA Ag ARy FAAL Ala
Feke 7.6%4.01 ) HNO, 3432 FAA-N2| Ab4
ke 21.6%2 2.89 F7lEl9, AkAE AE
2t Fo) W3lE Aldnn A3} e FAAE
A5x4 733 A 1E-9) carboxyl Z2Ee] 80
meg/gelvt A= 9l 2, phenol ZLFXE 120 meg/gol
M A59) 0o lactone 1E-2 220 meg/g o2 FA
74 Ao gl=get

HNO, BA43H &3 o) S w Aks
£ a3 ALaFE ANA EdAEE
Jlw 2HY7)= D pHE BEATIE A
et

3.2 ENAel WA B - 2E 54 U HIB

=y

£ 2= FAA] FAAS FAA-N2| BET vlEgi#
2 AT B4 5 B 21 EA4E el Ao
o} & 20 w2, FAAS] v]Em A e] 309.2 mYgol
™ 7o) HNO; 843} ol njmm A o] 553.2m%g
oz 184 27} sdx & 713 SRR o
ojAE 48 =3 LA Zolsislen, 37 AT
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Fig. 2. SEM of micrographs ( X 5,000): (a) FAA, (b) FAA-N.

Table 2. Surface area and porosity of FAA and FAA-N.

S Total pore  Micro pore Average pore

(mBZ'/"T’) volume volume d"mgt FEA)
g (cm¥/g) (cm/g) 1ameter
FAA 309.2 0.218 0.089 2.82
FAA-N 553.2 0.381 0.154 2.76

27 o] 2.82A014 2.76A0 2 743l = wA|Ee]
wdo] velgidl o]Ze HNO, A3tz u]4kA)
ol FH-Ee] UWl FAALEY dRIL HNOsol =
o} 1}2}(Nagano er al., 2000) 1 wixlg)7} v|A2&
P vlEHAE Z7Z Aoz ddd. o
v oz FRAHE o|43lel BAslstd 7|39 T3
2 o] AYPHE Aol mH o}F] s|Foz
webaba] S3ta depgld A (active site)So)
713o2 Wersle g Aol Y (A3
35 1998)F =4 HNO, &4d3} A oM Axla
9 3] A ] B Fgs Aoz et
I% 25 F349 21 F2EF SEME& Edlyo
5,000 Wl&2 ZH7 AT Aoz @ @B b))y
HNO, ¥ ®dol| do} gl Ao EEo] AAH 7
7s) A3 FAA Zhlel E 71F B o} AlFel
eSS e & 4 sk

% 32 FAAS} FAA-N¢| A% & .53 Zeo
A& vePd Zlojth FAAQ F-&AL Ay
(P/P,) 0.101 A cjR5-2] F2o] Aot g =
Zhell wel F&gke] =g¥ Zrlsiolrl Ay
09594 W3] A7 A& & 5 gglen A

350 —#—FAA adsorption
—0—FAA desorption
300 —a—FAA-N adsorption
250 - ——FAA-N desorption

200
150

1001

Amount adsorbed (cm®/g STP)

501

0 T T T T 1
0 0.2 0.4 0.6 0.8 1

Relative pressure (P/Po)

Fig. 3. N, adsorption-desorption isotherms on FAA and
FAA-N.

S} 045614 b8} o) @abe] vhelsde}. HNO, 2
4ol WE FAA-NS| A4 § - 23 5242 4
URHE 02004 dhatel Fael dohtm greel
Folol e ekl 234 S} A
09914 M=ol vhehtm A 312 045 Al
o] FqAo] vieht FAASH w58 AeE BolA|u,
49 Flel e A SR FAARY =7
v}elv} BDDT (Brunauer, Deming, Deming and
Teller) & (Gregg and Sing, 1982) % Tape IV2] 3§
el 7177 ebgel weld HNO; 2443tz u|4)
3 ®a} ole} transition pore (20-1000A)% A=
PAeE & 5 e
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Fig. 4. Gas adsorptivity of FAA and FAA-N.

3.2.1 gystof w2 7|4 2259 Lt
HNO, S 3ke] e §2A8l B2l - Sabd
W3}7} benzene ¥ MEK &3 EA]o)| n]x|&= g3FS
Aedus) Astel ARFASE Frbkel 13 4ol
Jepl gt 78 4o up=w FAAL] benzene F3%
£ 10.3%, MEK &&%2 72%% Jeh) g, HNO,
A3 & FAA-N2& benzene E&% 15%, MEK
123%=2 A3 3 benzene EE %L 4.7%, MEK &
A5 5.1% F71IAR o] AL FAAS F3%5|

45.6, 70.8%° I3l —’57}?*_0& benzene &35
urbe MEK %2 27ge] 2 A& o 4 9
o} = ZgAstz FAA mHe 4 ?3’ g 2t
f£780) xgHE]tq 71 EAo] z] o2 wWdlo

Ae4 B4 4% ST H]—:_l'_é E;g—']
Fzo] AslEglv= o]A 2 dF A} (Dimotakis et
al., 1995)9}= uld| 2 benzened] EFFFx Z=7}8t
Ao g Ve, o] A2 HNO, 8432 vl 3]
4 u)dFo] WEEA FHof FASe] 23]8 U
2oz ettt FAA-N9| Benzene E3%9] 7%
= =y A B4 B )Fe] gl wh
o] o] Z Hoz eyt
3.3.2 &AM3l0f| 2 Benzene I MEKS| HHIfAI S
HNO; &4l 3}el| u}lE benzene Y MEK®| s}z
Ag T3 59 60l Jepligleh A A3t o
benzene?| §F3 EAE AW R (I3 5) FAA: o
v og Fatk AdA A ARSEE A E

of Fl

Rz RN A2 A4

Table 3. Adsorption data of benzene and MEK on FAA
and FAA-N (20°C, 55 mL/min, 80 ppm).

Benzene MEK
FAA FAA-N FAA FAA-N
Timecyci—g.0s (Min) 4443 168 88 560.1
Timecyci—gos (Min) 780 540 315 885
Adsorbed amount
(mg/g) 4974 2897 188.9 638.7
until C/C;=0.95
1_0_—0—FAA
Q— -#-FAA-N
U 08f
2
=
= 06r
2
g
E 04r
153
2
S 02f
0.0 . . ! '
0 100 200 300 400 500 600 700 800

Time (min)

Fig. 5. The breakthrough curves of benzene for FAA add
FAA-N (20°C, 55 mL/min, 80 ppm).

Concentration ratio (C,/C;)

.0
0 100 200 300 400 500 600 700 800 900 1,000

Time (min)

Fi

g. 6. The breakthrough curves of MEK for FAA add
FAA-N (20°C, 55 mL/min, 80 ppm).

e, 1994)¢l C/C7} 0.057) Hxd HA A7le]
444 3mine 2 JeRG 1, CJ/Cr7) 0.957F ==d A=
A7 (EFAZH-E 780 mine] 3] o), BAI3 & dF
gizbE 7] Alabste] FAA-N2| C/Ce] 0.057F H+&
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9 168 mine| ZR 1, T3}H=d 540mine] Al
Roz vepgon ZIAIZH(C/C=0.95) =2
W7tx FAR o (mg/e)S FAAZL 497.4 mglg,
FAA-No| 2877 mg/go. 2 Fradt= 7oz jepd
th o] A& HNO, 843tz FAA1e] BET v|=HA
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