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A Study on Isothermal Adsorption of VOCs onto Gypsum Mortar Incorporating Oyster Shell
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Abstract : VOCs such as formaldehyde and benzene in a control chamber were adsorbed onto gypsum incorporating oyster shell
powder, which was solidified and dried. VOC was first exposed in air and then gypsum mortar was placed in the chamber for 180
min for adsorption. The mortar was prepared with 0, 10, 30, and 50% of oyster shell powder. Two initial concentrations of VOCs
including formaldehyde were 27.7~28.5 rng/m3 or 175~150 p.g/m3. We found out that the initial concentrations did not seem to
make any difference in adsorption performance but higher oyster content strongly led to higher adsorption. We used a convection-
diffusion-adsorption model to compare the experiment. The model which considers diffusion coefficients of adsorbates and
affinity of the adsorbents well represented the experimental data with a fair agreement.

Keywords : Oyster shell, VOC adsorption, Industrial waste, Adsorption model
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Figure 1. Schematic diagram of an experimental setup for adsorption.

Ao A2 uhe Wele ,
L3 B SO whke, W% WFY A 59 HAES
o7 Aow BuEI QtH2-4].

Seukehe] bl 2 A
ok Ao AAe] FA sl o)
olo] we e Ee BAR o A

e oS

al
o

i
)
=
o >
>

'-10 N
ofN 12
fo
Rloox
o
o

18

S~
P
)
(LY

o>
i
<
_°r‘
H
§9
O
L
4 o 5
Lo,
By
[ H
e
op
ok
r ¢}
)
e
:cl)g
R

N2 ZRAZ ALgehaA BN2A e B
SEolol A A sioli 2 159 3
G @ ol 189 S i
AT Botol ol Hcalit)® 7

0 F 12 AEAAel fAT 2He

), 4
7154l whek ﬂﬂﬁﬂ A% A2 A

e

4 E 4
2

N
N
gk ol g

o —
)
ot oo i %

lo rr
fu
e e | o

Hm ;2

S

N
-

2,009 Aot Bk AYAR Agtel AWFFRT
CREr FAEAS EEL120} VOCS] SAUT L 5
Q0

=21 o —

A 1B ddollA =HH Izt Euslete]
(FaA L, gh=h)el FARE] wet 3 §A St
5, 7F= 15 cm, A& 15 cm Z7]9] Eof Fof &3],
ol A 10417t A=A & Agakoch o] vl &
of wet 10, 30, 50% TFE AIFAE ZH2h A

GC-FID

225 cm, Al 2 25 cm, 3£°] 25 cm) ol Tk FH Hiof| AR A& B
SEvshs Aiﬁ}okﬁ SEREEREEE I
(Figure 1). 18] 3 2543 = WAl o] ZaFe A (HE
| Al4ksh i

o (A, —A) XV |
e 1)
o714 Cae AUYT7IAE F ZELH 3 =AY 5= (ng/

m) Ase AUWE7IAlR &4 23g(pg/mL), Asi= DNPH Hf
AlFgt(ug/ml), Vi= o EVolEY 5 Ru(ml), Q=
% %d Al & 3(m’)o]ct.

23538 Yol 25U 3= 2 VOCE Fste] 2 AA
5, AR Ao whE AF e dE=EY %Xéﬂ‘ﬁq
[9,10]. YY) = BAL SIGMAALS] EE5Ud|s Y
31%E TSt eH o] BN omEE Z|ALEH :—E—E—
E5 IEE(150 pgm) X AFEGO pgm)E FU5te]
71 &, 0, 308, 60, 12080t Y 2 EE Medel MP-ZBOO
(SIBATAAD®] oo} AlZe)% Bofo] 2718 UAF EHle}
o] 2,4-DNPH (Dinitrophenylhydrazine) -G =H & £35}% 2
SR FUH 7] S0 ARske EooEss Flgure
29} o] 7hE 2] o4 DNPHE}| §EA]8h 1152 53
DNPH-Z E24|3]| = WEZﬂ(2,4-d1n1trophenylhydrazone)i H
ST 5 EEUYS =] FEE 0|2} o] WehE DN-
PH-ZEUH S| E F=A FHE SHHUT AR 52
ZFE ] X] Wof 11 9] Acetonitrile (UV) 5 mLE A3 S
Iste] EsIen FEASE 2E8S AAaRIED
2}9] HPLC (HITACHI, Japan)Z o|-&3] 4 erE4atqt}. o
m) A8 249 7S Symmetry® C18 5.0 pm (4.6 mm x
250 mm)©] it o]FA = 60: 40 (v/v) H]-&2] Acetoni-
trile?} &9 E3NE AMESIA T FFS 1.0 mL/min®] 2
o, A M EHEE7IS] FRabA 360 nmol A HA ek,

i #% VOC E3 2l WlA(Benzene) A& A7} = 48
Aol 713kA171 WIA(SIGMA, USA)S F¢ste] AE s
o, SAYHLE A GRS o] 83 GujFE 2= ORBO

komf



136 A7), 4198 A23, 2013 6Y

30
2,4-DNPH

(a)

20

mAU

0 1 2 3 4 5 6 7 8 9 10
Minutes

(b) 2,4 DNPH

mAU

\ HCHO

0 1 2 3 4 5 6 7 8 £l 10
Minutes

¥(x10,000)

5. cH¥x10,000)

a5 (C)

1 Benzene

Toluene m-Xylene

Benzene

a5 (d)

§ 2.5
Toluene

1 p-Xylene
m-Xylene

0.5
i

L

10 20 30 a0 50 50 70 80 90 min

Minutes

10 20 30 40 50 60 70 80 90 min

Minutes

Figure 2. Gas chromatograms for test objects with 50% of oyster powder. (a) and (b) are for formaldehyde, (c) and (d) are for other VOCs.

Table 1. Programmed settings for GC analysis

Gas chro- . .

matograph Shimadzu capillary gas chromatograph system
-RTX-5
- 30 m (length) x 0.32 mm (diameter) x 0.25 pm

Column | 11 thickness)

- Column max temp : 350 C

Temperature | - Initial temperature : 2 min at 50 C

program - Maximum temperature : 10 min at 200 C

- Injection temperature : 300 C

Instrumental | - Detector temperature : 320 C

setting - Gas type : hydrogen, oxygen, helium

- Injection volume : 1 pL
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Figure 3. VOC removal efficiencies by adsorption onto test objects with time. The initial VOC concentrations were 27,700 ug/m3 (for-
maldehyde) and 2,500 ug/m3 (the others). (a) formaldehyde (b) benzene (c) toluene (d) p-xylene.
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Figure 4. VOC removal efficiencies by adsorption onto test objects with time. The initial VOC concentrations were 175 ug/m3(fotmaldehyde)
and 650 ;,tg/m3 (the others). (a) formaldehyde (b) benzene (c) toluene (d) p-xylene.
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Figure 5. Comparison of the dynamic adsorption model with the experiment. The left shows adsorption onto pure gypsum surfaces, and the
right represents that on surfaces with 50% of oyster powder. The upper curves stand for formaldehyde and the lowers denote toluene.
m, formaldehyde (calculated); A, toluene (calculated); *, formaldehyde (experimented); ®, toluene (experimented).
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Table 2. Diffusion coefficients (cm’/s) of VOCs used in the ex- g FiAE =]lste] 25AHES|E B EFA2 AEA
periment of wmE Tk AAHQ wY L 4ATL 2] A FLI}
Formaldehyde Benzene Toluene p-Xylene kAol o] gt EAAY #Tro 2 A A E ) o H-3
0.180 0.080 0.087 ! A B FE| A& Tk ojw B4 WY




4. 82 E

= wztEgo] &9 HuRHS e R 25dH=
4 H3 F VOCE ST ol =&AA 2 584
S WS = HAETS 10, 30, 50%E EUFEH A
AE ddez FLH 8| =9 VOC(HIA, =54, AL
£ 27,700 pg/m’o| 4] 28,500 pg/m’e] 1= ZAT} 175 pg/m’
oA 150 pgm’e] AEw 2NN 242 mEAA F2HA A
dg s A3, AvhEoR w2y w2 FusHA
Szho] dojyton, £t & bR £ o] Wes
& Fol 37K & 4= itk vEEH SHA0E H|
WEHH = o) gheke]l Agle] faEEHA] A F
U3t Ao A== vz Sl etk 1% Wele]
SAA Fog A w7 E 23 H A9 A717F FAH
FFE A S & 5 Aden oo wpet WajAlo] 4
Wl & gfjZrREo) tha 2ot 7| gt 2Ue AL
Hjate]l F2F st S =l 8/l ® AtmEr)

o F-2HE-g 2 Bl B g oA LR iz
o5t /A2 Zpo], I FAA Q] VOCO] Fitof w2 Z}o]
£ F4tgole} A4S Goto] 2 e gickar AR E

& At

=52 2011 YRS Ao dATAT
= 233t 7] 2 ALY 9 (NRF-2011-0024352).

]
rar

=

1. Shah, J. J,, and Singh, H. B., “Distribution of Volatile Organic
Chemicals in Outdoor and Indoor Air,” Environ. Sci. Technol.,
22(12), 1381-1388 (1988).

2. Seifert, B., “Chemical, Microbiological, Health and Comfort
Aspects of Indoor Air Quality-State of the Art in SBS,”

Zufj 7t Rt 2 of| ] Fub 7]k Sk e A 139

10.

11.

Organic Indoor Pollutants: Sources, Species and Concentra-
tions, Brussels and Luxembourg, Dordrecht, (1992).
Tepper, J. S., Moser, V. C., Costa, D. L., and Mason, M.
A., “Toxicological and Chemical Evaluation of Emission
from Carpet Samples,” Am. Ind. Hyg. Assoc. J., 56, 158-170
(1995).

Jo, W. J., and Son, J. Y., “An Investigation of Indoor Air
Pollution Levels in New Apartments and Assessment of Sea-
sonal Emission Characteristics,” J. Arch. Inst. Korea, 24(7),
231-238 (2008).

Lee, O. K., Choi, J. W. Jo, T. S, and Paik, K. H., “Adsorption
of Formaldehyde by Wood Charcoal-based Building Materials,”
Mokchae Konghak, 35, 61 (2007).

Park, D. C., and Kwon, S. H., “An Experimental Study for
the Development of Eco-Interior Finish Building Materials
Using the Bamboo Activated Carbon,” J. Arch. Inst. Korea
Struct. Constr., 27(3), 99-105 (2011).

Lee, S. W., Moon, J. C, Lee, C. H., Ryu, D, C., Choi, D.
H., Ryu, B. S, and Song, S. K., “Analysis of Pore Charac-
teristics Between Commercial Activated Carbons and Domestic
Anthracite-based Activated Carbon,” J. Korean Soc. Environ.
Eng., 23(7), 1211-1218 (2001).

Lee, S. W., Lee, M. G., and Park, S. B., “Comparison of Sur-
face Characteristics and Adsorption Characteristics of Activated
Carbons Changed by Acid and Base Modification,” J. Envi-
ron. Sci., 17(5), 565-571 (2008).

Mun, L. K., and Li, Y. Y., “Integration of Headspace Solid
Phase Micro-Extraction with Gas Chromatography for Quan-
titative Analysis of Formaldehyde,” Bull. Kor. Chem. Soc.,
34(1), 139-142 (2013).

Shutao, W., Yan, W., Hong, Y., and Jie, Y., “Preparation of
a Carbon-Coated SPME Fiber and Application to the Analysis
of BTEX and Halocarbons in Water,” Chromatographia, 63
(7-8), 365-371 (2006).

Ward, A. F. H., and Tordai, L., “Time-dependence of Boun-
dary Tensions of Solutions,” J. Chem. Phys., 14, 453-461
(1946).

. Weast, R. C., CRC Handbook of Chemistry & Physics, 57th

ed., PRC Press, Cleveland, 1976, pp. D191-D201.



