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A Study on Adsorption Behaviors of Activated Carbon
Powder and Loess for VOC in Aqueous Solution

Kyung-Ho Lee'
Dept. of Environmental Engineering, Gyeongju Univ.

The adsorption behaviors of activated carbon powder and loess for TCE and PCE such as volatile organic
compounds in aqueous solution by batch test were studied. The important parameters to remove of volatile
organic compounds are to the amounts of adsorbent, the control of pH range, the equilibrium time of adsorption
and also the Freundlich and Langmuir isothermal adsorption equation. It has been shown that TCE and PCE
appeared good adsorption efficiency under concentration of 10 ppm with PAC. Also generally the more quan-
tity of adsorbent increase, the more adsorption efficiency has. On the other hand in case of equilibrium time
of adsorption, PAC have passed 40 min., loess has 240 min., respectively. Also TCE and PCE with PAC in
the change of pH range have same adsorption efficiency that is not changed. Especially TCE and PCE with
loess in Alkali has selective for adsorption. After all the best selectivity for loess is TCE. So loess has not good
one to compare with PAC such as adsorbents, but the best adsorbent for TCE.

Key words: adsorption efficiency, PAC, loess, batch test, adsorbents, selectivity, Freundlich and Langmuir iso-
thermal, volatile organic compounds
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Table 1. The specific physicochemical properties of TCE
and PCE at 20°C

Table 3. The mineral components and chemical composi-
tions of loess

VOCs

Specific Trichloroethylene Tetachloroethylene
ppmpe s (TCE) (PCE)
formula CHCl=C(, CLC=CCl,

molecular weight 131.40 165.85

boiling point(°C) 86.9 121.2
specific gravity 1.464 1.623
specific heat(cal/g°C) 0.225 0.205
evaporation loss(cal/g) 57.2 50.0
vapor density(air=1) 454 5.83
vapor pressure 57.8 16
(mmHg)

solubility(g/L) 1.07 0.15
Henry's constant 05 1.2
liquid-phase dispersion  3.239x1078 2.999% 107

coefficient(m%H)

o WE el (Henry's constanty= PCE
7F TCERTE A= 218 & 71 o A|R-EH A
TCE®} PCEE FZ31/] It 8vlZ= 4k (hexane,
CH,(CH,),CH)S AREsISct. 183l AR 89S pH
400 Aoz TAATZ] YA FA-ZRAIEF
(acetic acid-sodium acetate, CH;COOH- CH;COONBa)
H5-8AS ARSI, pH 10.09] 7140 3G A]
7171 913l R ol = E (ammonia-ammonium, NH;
NH,CD) ¢89S ARSIETh 89S o3falr] 913
A8 AEFol(quantitative filter paper, A& 110
mm, Toyo Roshi Kaisha Ltd., Japan)& A}R&-8Fitt
FEA R EU3E8X e (Dacjung Chemicals & Metals,
Koreays AMg-sl9lon, SEE A5 Z5A Uldd ¢
Nl 2AEE 9 BETSN AP AA &
FEZ ARSItk @we] A RS Table 2
VRIS, ] FE A 28 RS Table 3

o YeRNIAt Table 2004 Hi= vle} 7ro] Sk
pHe| AREHHSI7} 4.0~11.00]7, A3HE-E 0.5%0]38l¢]
t}. ABS#(Sodium Alkylbenzene Sulfonate Value)e-

Chemical Mineral
Factor " Factor
compositions components
Sio, 65% quarz 60%
Al O, 15% carbonate minerals  25%
lime - Fe 15% feldspar - mica 10%
Mg:-Na-K 5% silts 5%

2 Table 3914 Hi= upel o]
sela gRomt o MSTASION 65% THA
HIGS AAsler F&3 24d0xe A9l 60%

2| &lGer. 3HH S EX= wRpAPE
AMgate] ghdd] Zaj7) o] FolREE & v}
S A7l Ax 2E (electric dry oven)ll go] 105°C
52t 3 (weighing constant)e] E EHU]—
AResrsin). sk Algola] ARRE B
2 E é?—"ﬂ E@Q‘ﬂ Ade o olRE WelE ‘3}

“(deionized water)& AME-3FH T

2 Adolx AREE 77l AR S FYE A
Bog wE7] 93] Shaker(M5Y-C, Shin saeng
Instrument Co., Korea)?} Hot plate and Magnetic
stirrerMS-300, TOR Korea)E AHE-38l9 %, A&
pH 248 95t 253772 (Auto-titration system,
Aut-501, TOA, Japan)s AFESFETh S3A19] %S
AR G EEA Z7g87] $lsiA HARA 1 (electronic
balance, JEX-200, YMC, Japan)S ARg-&lict. =z
3 VOCEAS TCEs} PCEE A#HFEA5H7] 95l
7ta g2 utE 28 2 (Gas Chromatograph, GC-17A,
Shimadzu, Japan)s AMg-3l Alg gl B =] ¢l
= TCE$} PCE®] s%=E T38l3ith

2o 382 A (batch test)S ©]-&3FA L
VOCEH 2] F5& RAZu7|E AMg-ate] HA| -+
=4y (11qu1d liquid extraction method)ol] uj=} &]Ako

500]atoln], Qo= FAE2 950 mg/goldolth. I 2 FEAAL o|=E A¥agS Fig 1o vERich
Table 2. The components of activated carbon powder

Chlorine ABS  Adsorption

Components pH Pb As Zn Cd D Value power of I

activated carbon powder 4.0~11.0 =<10ppm <=Z2ppm <50ppm <=lppm =0.5% <50 =950 mg/g
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5. hexane extraction

1. magnetic stirrer

2. reactor 6. vial(2m¢) with cover
3. auto-titration system 7. gas chromatograph
4

. gradient method

Fig. 1. Schematic diagram of experimental procedure.
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Table 4. The operational conditions of gas chromatograph

analysis
Items Conditions
column capillary column
column temperature 100°C
Injection porter temperature  160°C
detector temperature 160°C
carrier gas nitrogen gas(N,)
gas flow 3.6 mL/min.
detector ECD(Electron Capture
Detector)
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Fig. 2. Adsorption equilibrium time for TCE and PCE with
PAC (PAC : powder of activated carbon).
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Fig. 3. Adsorption equilibrium time for TCE and PCE
with Loess.

A A 718717 FWe) 78 AsHAl Vel oF 87%
9] Fzlo] o]Fojgowm 1 30X 70E Fol
7.3%%= W37} et TCEY PCE 25 27149
olx 40R5E 70271 A9 ®wisht glo] AR s
vebgdth o]Ze TCES PCEo thsh &ajere] 33+
PEFZDAZbo] 40Folzhs 21 18] & F7F Aok

Fig. 39lA He= wie} o] o] A= TCE®
PCE 25 2405S A% )4 52 P8l =28h=
2L & 71 9tk TCE= 271488 2218k 3 180

ol

off F{E
=2
9
{rif
H
e
'S
W
=
2
R
jait)
N
o
N
N
)
l)
'
2
N
o3
>,

P Rt oF 90%2] S3tol olFelder 2% 180
FollA 3304 Eete] Wske 20%= W3t A ¢l
Ak ol om FAWYPEEATRE 24080 = Vel
t}. T8k PCE9] 79l 2714 3
o) o]2Z# Fig. 394 A& 717]71 Fxo] 71 A8t
A veht oF 84%2] Sl olFolion 1% 180%
oA 3308 E<hl 65%8 W3l b Vekgt)., TCEY
PCE E5 27|27 240578 3308714 Ae] W
37t glol dAsH yebstth. 0121 TCE® PCE|
g Sjeke] SR EEALe] 2408 0)EE RS
3] & 7 Sk o)HE FAHILTE FlA
AT FHREESAIES 40]

o
[}

EEE

Y
o
e
—
[0')

N

o o-1-2= 111
= gdeRg 84 6 70 2408¢ AE & 7 9
oth oA e} e ¢xl=rd) 7)elHEnh =
AgelA ARgS BB A 242 0.01 mm, F
o] A AAL 0.02~0.05 mmE A A7}
FEQ AR ¥ WAttt FRFlRA & & 2
o] APt mAIEEE 1 YgAte] g Aol AR
=]

RS

o
N
2,
>
<
&
il
w,
:i
ElNoil
=
i3
&
il

o ARkl FHR Pl olRold AL & 7

o=
ALt

4.2. S2E3LE

FARPAR date] FoA FARIEDAING
DA Bt REEAIZES AT 408, FES 2408
o7 zizt 7k ol AT FAAY P 3
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8L S A3} Fg 4004 R ule} 7] TCEY
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Fig. 4. Freundlich Isotherm of TCE and PCE with PAC
(—: linear of TCE, ----- : linear of PCE).

0993774 F3A1e] AgAA A tigk dFst AT
£ ®B3¥ PCE9 A% Freundlich 525329
A ¢ 3 099512 TCERUE 97t =4 ek
st} 0|3l EAEke] 52F2halgdl TCE® PCE
F A8 89| &5 Freundlich 5-2-5322el 2 &
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S, Fig. 5914 H= vlof o] SEe] 52534
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Fig. 5. Freundlich Isotherm of TCE and PCE with Loess
(—: linear of TCE, ----- : linear of PCE).

A3 TCE«] 7d%-ol= Freundlich 52532
& 099812 =& o= EN,
PCE?] 7§—°r°ﬂ—1; Freundlich S-&&-&2 2] AaA< r
e 097572 v w2 o= Jehyin uleha &
ek}t el Freundlich 2539 AL 3heEg)
TCE 7] F3to] 7P A&o] Z H= 0= eyt
E}, 2 Ay ARgE 2] 28k VOCEZ ] A A
7F FRRAGO R o|FoRIttE AS FElEH Y% ¥
71 At ESE Table 5914 Ei ulke} o] log
s A9 R TCEe| gk &dete] 7497}
0.2066°% 7F¢ =943, th&-o2 TCEY 93t e}t
0.05962= Yeld=r K el 23 AgA7] (bonding
strength)7} @2+ A& 23 o] PAC(TCE) >
Loess(TCE), PAC(PCE) > Loess(PCE)e] &A=z &
o] dolwrt AW 21E & $71 sk

T3k, Fig. 6041 B viel o] @A we] 5253}
A¥S 3 23 TCE® A-$-ol&= Langmuir 5253
2o AHASG r 72 097800 % YEl o™, PCE=
0.97422 JEIST

0|71 TCE®} PCE°l| thsl s Algate &
FAAE S ok Aol vlwale] B Langmuir 5-2

Fig. 6. Langmuir Isotherm of TCE and PCE with PAC
(—: linear of TCE, --—-- : linear of PCE).

Table 5. Parameters for Freundlich and Langmuir Isotherm of TCE and PCE with PAC and Loess, respectively

Parameters Freundlich Isotherm Langmuir Isotherm
Correlation Correlation
Sample Coeff.(r) I/n log K Coeff.(t) 1/a l/a-b
PAC(TCE) 0.9937 1.0518 0.2056 0.9780 0.2615 0.5245
PAC(PCE) 0.9951 1.1179 -0.0386 0.9742 0.3202 0.3366
Loess(TCE) 0.9981 0.9191 0.0596 0.9749 0.5433 1.8406
Loess(PCE) 0.9757 1.1041 -0.2815 0.9829 0.5311 3.5255
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Fig. 7. Langmuir Isotherm of TCE and PCE with Loess
(—: linear of TCE, : linear of PCE).
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