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Abstract — VOCs such as acetone, benzene, toluene, ethylbenzene were adsorbed in a fixed-bed adsorber using zeo-
lite synthesized from coal fly ash and 4 kinds of activated carbon at 101.3 kPa. The adsorber was operated batchwise
with the charge of 5 g adsorbent to obtain the breakthrough curve of VOCs. Experiments were carried out at 40 °C,
nitrogen flow rate of 70 cm*/min and sparger temperature of 30 °C. The deactivation model was tested for these curves
by combining the adsorption of VOCs and the deactivation of adsorbent particles. The observed values of the adsorp-
tion rate constant and the deactivation rate constant were evaluated through analysis of the experimental breakthrough
data using a nonlinear least square technique. The experimental breakthrough data were fitted very well to the deacti-
vation model than the adsorption isotherm models in the literature. Also, adsorption capacities of adsorbents were
obtained from the breakthrough curve to observe the correlation between adsorption capacity and the physical proper-
ties of VOCs.
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Fig. 1. Schematic flow diagram of a fixed bed apparatus.

1. Gas bomb 7. Sample

2. Mass flow controller 8. Glass wool

3. Flow indicator 9. Temperature probe

4. Saturator 10. Temperature controller
5. Heating line 11. GC(gas chromatography)
6. Furnace 12. Personal computer

Korean Chem. Eng. Res., Vol. 48, No. 6, December, 2010



786 e

controllen® Z78I3Att. 7|43 Bl FehGEAlE AHEsto] &
gatar, E7IAelA voc 71 sEE 714 ARvEETRRE
(gas chromatography: GC)= A3l 5743+ 6-way valves AF
3ol el o 2aegint, sk} SAEA], S22 GC
Ato] 2] Azt Mo E F-3lsto] 713kE voC F719 85
S A58 & Agef AR GCe Y Shimadzu SAMAIE
(GC 8A)°]™ FHZE7](detector)i= A5 %5 (thermal conductivity) 7
=701, A (column)y> 27 1/8 inch, ZA°] 10 ft2] Haysep D&
}‘]‘Q“O]'J— AL FYUE} HEV] 25, 190 °C, He 71419
L 25.7 em¥/min®] 31t}

3.2, AlsiHp
5 g0 FHAIS T ol FUdskaL F2AS] 919} ob S
el AR AR F 45 s AR 2%t 5
FA1R (stream time)©] Zd2Hetel] wet F2EA] E7MelA voc F
7] et e S7dstol voc 5719 shkrd Adgke et
Ul ARSI il A EzAvit 33] Whsto] Adsiglon, 72F &
%]Oﬂ/ﬂ TR FAEEE G2 Yo R Ao e ek

Ol

Oll
%9,

33. MIS2P|E &

3 Al gl E(FAZ)E Aehg Rz HAhe] 1713717 efA
HPYERE RIS ARESte] AASISITE. R 2 Aleete | E
L vHAE sl AP § Aok ALOE 7o
S/AIS] ZH|Z 1:1.5% 248}k, o] Al89} Na,COsS 1:12% &
grate] 800 °ColAl 1AIRE FE E-FAIX1 & 8- Aol wnk
sl A W A4 S AA AxEleh G Alseto]
Ex vRIbE A7k 941 45310 pellet. A12tato] 3ol
AREEEITE Al gEto] EL] i XA FEEA %x](XRF
PHILIPS PW2400)2 ©]-8511 Si0,9} ALO;S £33 1S
A8lSiet. S alskete] Fig. 20 YeRhSi o, %‘*éxﬂ%
glo|E8] A A A= Table 10 UERASITE.

34. M2

N, 7I5E % 99.9% o1 @EH7EA)2] 7EAE ARSI
VOCi= oFAlE, wlAl, 53 oleHlzle] AJekg-(Aldrich Chem.
Co., Ltd.y& AR&-38IG1 oM, F2Al= e vt =5 e 943
Al &t E(FAZ)S} 4572 B/3%-a AFE-3IQITE FAZS) 4572

Al dere] 5735 Table 200 Wbl 424k A7]1(d, )= Al
X5 (sieve analysis), TZLE(pp)T ethanol HAE ©]-§3t HIFH,
g AR 718 E (e T AR E ARt SAs)
Qo vt 7|35, Hit 71527 52 BETH (Micromeritics;
ASAP 2000)°.2 ZA313T}

Table 2. Properties of used adsorbents

Sintering
(Coal fly ash)

Analysis
(XRF)

I

Fusion at 800 °C
(Na,CO; + Al,O;
+ Coal fly ash)

!

Crystallization

!

Filtration

!

Drying

!

Fly ash zeolite
(FAZ)

Analysis
(XRF)

Fig. 2. Manufacturing procedure of FAZ by coal fly ash.

Table 1. Characterization of the synthesized zeolite(FAZ)

Component wt%
SiO, 35.61
ALO;, 20.07
Na,0 12.89
CaO 21.39
SO, 6.18
Fe,0, 1.06
MgO 1.14
TiO, 0.44
etc. 1.22
total 100.00
Si/Al mole ratio 1.51
Crystalinity(%) 54%
4. 23 Y 3
4-1. S&al=EM
:@} £ 30 °C, HH7] 212 40 °C, ER7IAS £ 70
min(25 °C), S2HA 5 g2 AN THS %%Low 4t o
AR} WA F710) SEERE FRulRAg el 747}

37} Fig. 40 YERITE. o}AlE T710l] gt shol=14191 Fig. 32
28] F24] 5ol nje)

320
R I W

FAZ, USA, SGA100, SAM,

Adsorbents Maker Type Ave(l;arl]grs)sme Bu(lll(( g(/i;t;;lty Spemﬁg nSllzl/I‘g)iCC area ?i\;;?;p((ﬁc)e
FAZ synthesis pellet 2 867.2 48.12 4
SAM Samchully Ltd. granular 3.5 485 804.59 235
USA USA cylindrical 3.7x7 631.1 1002.5 18.3
NORIT Sigma-Aldrich cylindrical 1x3.5 380 1049 20
SGA100 Shin Ki Chemical granular 3.5 476 1150 20.3

Korean Chem. Eng. Res., Vol. 48, No. 6, December, 2010



78 FaPEA AlRRPRIRIERE A3 Zeolite®] VOCs &2 3|4 787

1.0

0.8 |
06 |
Q
<
Q
<
(@)
04 |
O FAZ
A SAM
0O USA
0.2 v NORIT
<& SGA100
0.0 > - : .
0 10 20 30 40 50 60

Time(min)

Fig. 3. Effect of adsorbents on the breakthrough curves of acetone
vapor at T=40 °C, w=5 g, Q=70 mL/min and Ts=30°C.
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Fig. 4. Effect of adsorbents on the breakthrough curves of benzene
vapor at T=40 °C, w=5 g, Q=70 mL/min and Ts=30 °C.
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Fig. 5. Adsorption breakthrough curves of various VOC vapors in
FAZ adsorbent at T=40 °C, w=5 g, Q=70 mL/min and Ts=30°C.
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Table 3. K, and k, in adsorption of VOCs onto the adsorbents

voCs Adsoent ooy Vet Bolgpant kil bt fmele]
FAZ 40 0.3739 56 5.167 0.2174 333
SAM 0.833 0.1771 510.8
Acetone USA 0.43 0.2005 403.2
NORIT 0.518 0.1311 535.7
SGA100 0.727 0.2957 445.1
FAZ 40 0.1570 80.1 3.544 0.0162 320.8
SAM 0.690 0.0303 439.9
Benzene USA 0.3245 0.0218 400.2
NORIT 0.416 0.0277 428.1
SGA100 0.875 0.0892 311.2
FAZ 40 0.0482 110.6 7.234 0.0190 148.9
SAM 0.818 0.0145 159.9
Toluene USA 0.818 0.0220 158.2
NORIT 1.081 0.0299 160
SGA100 1.197 0.0378 158.9
FAZ 40 0.0166 136.2 10.037 0.0178 58.8
SAM 2.196 0.0176 66.6
Ethyl benzene USA 1.214 0.0179 65.8
NORIT 1.684 0.0170 66.6
SGA100 2.362 0.0307 62.6
6 06 4 06
H05
do4 _
< = o £
£ E I E
:E/ 403 é E g
=} ©= '© o
*Zo £ %, E
{02 ~ = &
404
0.0

FAZ SAM USA  NORIT SGA-100
Adsorbents
Fig. 6. Adsorption rate constant and deactivation rate constant of

adsorbents for acetone vapor(T=40 °C; w=5 g; Q=70 mL/min;
Ts=30 °C).
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Fig. 7. Adsorption rate constant and deactivation rate constant of
adsorbents for benzene vapor(T=40 °C; w=5g; Q=70 mL/
min; Ts=30 °C).
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800 1.0 )
O FAz 08 |
600 | A SAM
O USA
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< SGA100 — Langmuir
—_ (O] 06}
&) © 8
g 400 - O s
o % Deactivation
2 o4 (This study) > BET
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200 |
0.2
Separation factor = 1
0 . . . .
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i 0.0¢ . . .
b.p(°C) 0.0 0.2 0.4 0.6 0.8 1.0
Fig. 8. Dependence of adsorbed amount of VOCs at 40 °C on boil- X (gas phase)

ing point(q=748.08-5.0809 b.p with r’=0.896).
g point(q P ) Fig. 10. Comparison of the models in describing to the breakthrough

curves of acetone vapor according to Table 4.

800
O FAZ _
A sAM ol Qe 2 TR EES v o) Hlwsto] sl s
O UsA e L
v NORIT Mo wRE F3 224 ok WS YERilth
T o semm FE eI A 7 AIN EAlsH= vOC 3719 B
X &2 x8t y)9t FAZNA S s=AelA +8k voc F719
= 5 IS FE (a9 e o ZUH15].
E’/ 400 | (] a
7 o [[at)dt
X=——— ®)
[(a(odt
200 | o
t—x J'wa(t)dt
y — — 0 — (9)
j dt— j a(t)dt
0.02 0.05 0.16 0.37
VP(atm) Langmuir, Freundlich, BET(Brunauer-Emmett-Teller), DRK(Dubinin-
Radshkevich-K: 2ao] 2k 3e] S 1] = B2 =0 A0
Fig. 9. Dependence of adsorbed amount of VOCs on vapor pres- adshkevich-Kagener) _ _EL/] e E; _}H—LH vl -L_' -
sure at 40 °C(q=838.75 VP*5'3 with 1>=0.946). Table 40l FERHSIT. 2215, 40 °C, 3215, 30 °C, TX7FA

Table 4. Selected adsorption isotherms of FAZ to fit the breakthrough data of acetone vapor for comparison with the deactivation model

Adsorption isotherms Mathematical representation of adsorption isotherms Linearized forms Parameters and correlation coefficients

a=9.2254

Langmuir y= (]i—ix) i = aix-kg b7= 12.3159
r=0.7911

a=0.9529

Freundlich y=ax In(y) = In(a) + b In(x) b=0.4806
?=0.9709

Brunauer-Emmett-Teller =X X —a+bx 2:b=:_9196565960
YT =)@+ bx) y(1—x%) 204377

a=0.7409

Dubinin-Radshkevich-Kagener y =a exp[-b In*(x)] In(y) = In(a) — b In*(x) b=0.1126
r’=0.8972
k,t=1.6897

x according to Eq. (8)

Deactivation model(this study) y according to Eq. (9)

k,=0.2174
= 0.9983
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R
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N =
C, : concentration of VOC in the gas phase[kgmol/m’]
f.s :bed voidage
k, : deactivation rate constant[m*/kgmol-min]
k, :adsorption rate constant{m/min]

: volumetric flow rate of inert gas and VOC[m®/min]
: vacant surface area of the adsorbent[m’]

Q

S

t : adsorption time[min]

T : adsorption temperature[°C]
T,

: saturator temperature[°C]
w  : weight of adsorbent[g]

J2[o|A 2K}

o : adsorption activity of solid sorbent[—]
pg : bulk density of adsorbent[kg/m?]
O X}

A : VOC vapor

0 : initial value
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