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Removal of Volatile Organic Silicon Compounds (Siloxanes)
from Landfill Gas by Adsorbents
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ABSTRACT : Adsorption properties were estimated for the organic silicon compounds (siloxanes) in an actual landfill gas (LFG)
using adsorbents such as coconut activated carbon, coal activated carbon, silica gel, sulfur adsorbent, carbonized sludge, and
molecular sieve 13X. Coconut activated carbon showed the highest removal efficiency of more than 95%. The desorption of
hexamethyldisiloxane (L2) from the adsorbent, however, resulted in the remarkable concentration variation of the compound in the
treated gas. Silica gel, which had high adsorption capacity for L2 in single substance adsorption experiment in the other study, could
not remove the component in the actual landfill gas while it adsorbed well octamethylcyclotetrasiloxane (D4) and
decamethylcyclopentasiloxane (D5) in the LFG. Therefore the elimination of hexamethyldisiloxane is an important factor to
determine the level of total organosilicon compound in pretreated landfill gas. Moreover, the L2 from the actual landfill gas was
effectively adsorbed by the serial adsorption test using two columns packed with coconut activated carbon which has the great
capacity of siloxanes removal among others. In order to utilize efficiently LFG as a renewable energy, the emission and adsorptive
characteristics of the substance to be treated should be considered for the organization, operation, and management of pretreatment
process.

Key words : Volatile Organic Silicon Compounds, Siloxane, Landfill Gas (LFG), Adsorption, Renewable Energy
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Table 1. Properties of selected adsorbents

Adsorbent Type Size Bulk density (g/mL) Remarks
Coconut activated carbon Granule 4X8 mesh 0.40-0.45
Coal activated carbon Pellet 4 mm diameter 0.45-0.50
Silica gel Bead 1.5-3 mm diameter 0.74-0.80
Sulfur adsorbent Pellet 11 mm diameter - Used after crushing
Carbonized sludge Granule - 0.62-0.65 Measured bulk density
Molecular sieve 13X Bead 1.8-2.2 mm diameter 0.75-0.78 Measured bulk density
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Fig. 1. Adsorptive experimental apparatus for siloxane removal from actual landfill gas.
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Table 2. Concentration of major components, moisture, and hydrogen sulfide in landfill gas

Methane(%) Carbon dioxide(%)

Oxygen(%)

Moisture(g H20/m3 LFG) Hydrogen sulfide (ppm)

55.97 (48-60) 37.19 (32-40)

0.23 €0.8)

9.48 (4.67-12.51) 475.31 (120-868)
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Table 3. Concentration of siloxane substances in landfill gas (Unit: mg siloxane/m3 LFG)
Sudokwon Landfills in Landfills in G ] A landfill
Sub- landfill? Korea? andiffs in mermany Atandfill | a | angil in Hungary'®)
This study in .
stance Site 1 Site 2 K H A1) B13) ce Francets | " U 1st 2nd
survey survey
1.10
L2 (0.27-3.84) 1.31-1.61 | 0.62-1.18 | 0.09 0.15 |1.04-1.31]0.38-0.77| 0.7-0.9 1.5 6.9-9.4 0.21 1.27
L3 ]0.03(<0.07)| 0.03-0.06| 0.03-0.10| 0.04 0.05 |0.03-0.05 0.04 - 0.062 <0.8 <0.06 <0.18
L4 ND ND ND 0.02 ND <0.01 <0.01 - - - <0.08 <0.18
L5 ND ND ND ND ND - - - - - - -
D3 |0.50(<1.85)| <2.01 <2.61 0.83 1.04 0.01 0.31-0.45/0.40-0.44 1.5 - <0.19 <0.57
D4 3.69 0.89-4.72|1.18-11.15] 4,58 6.45 |7.97-8.84(4.24-5.03| 4.8-5.1 5.9 24.3-46.1 0.42 <3.31
(0.94-5.63)
D5 |0.65(<1.28)] <0.76 |0.03-5.89| 5.27 3.93 |0.50-1.09/0.40-0.53|0.60-0.65 2.2 5.6-13.4 0.1 0.99
D6 ]0.01(<0.91) ND ND ND ND ND ND - - ND - -

—: No measurement ND: Not detected

ppme] WS Beom, t Estas Haea By A BIE USA F wol Wole] TYE oz B
£ 475,31 ppm o2 IE ek, Sich, B3, FEAYA UM ABA F BEL 120
o, B Ao iyt B ASE AR wEEEe) o 9.77 mg silxoane/m3 LFGSl A0 & Y} =54 75
2 AFABA Uit i bag US4 AEE S5 H ofE SRl BE5act AR Blnd 2 WERS U
7 Eﬂ~ Table 39 ¥listo] Uebiich, H24%0] AE B 5 98-S Bech mebd WEsts 5 2 B e
o o Y koA LAk LY RS AEEA gskon],  gme} ejEEA weh Hua ujdstae] AR FoY
L3¢} D6’%‘—E#% % E 0.03 mg/m3 LFG ©]3}2] - v+ < g1e = sl
2 FEEEE YRR D3AYES Hat 0.50 mg D3/m3
LFGe| =2 H7 =it} ol Asit s o vd 3.2. EENE 4L MHEH
A o] wjg7tof tisto] B4 Aol A BAH L= 3.2.1. A= YEH HHEY
A ALdsAY 24E Be vlf 32 $EE eI 3l 2 d7olA AR EANY AEA AR § FEEE
e & A vh, 12422 110 mg L2/m? LFG, TAEE AA WETAM F2 AEE 482 L2, LS,
D4AEL 3.69 mg D4/m? LFG, D5AES 0.65 mg D3, D4, D5& YERgtt), o] 3 139} D3| e &
D5/m? LFGE| Ba-s =2 F7he o] the 54 A2l vl AN A oA Bl AetA ZAdeko] ofgt L3%F D39 w2
sto vl A 2 SR mjy7tAo] rEol Ee & AATET Aej7hae] D3oll diet SF2HAA &7t vebgte
ek, olel g i w7kl tE AEAF R FrEr U Fss Wk F L39F D3 Feole W R 5
e v=o AHHPE ALl e iR 7kso] st Eal ERES Holil BEHEHE Ak Yol YEde 5 1 &
H 24281314109} RARRE Wl A Lehfal Qi AELS AAs7 e Setekdlth Tk 2 Aol
Table 4°1= "i7ts § SN A5 24 429 5% H7tRolA 7MY &2 FA=E Uetdle L2, D4, D59
£ et AsA & 25 UEigih 2 A9 i v Al 7HA 8 AEA &S R sho] 252 Y
Y7k oAl Hat 5,97 mg siloxane/m3 LFG] A4 3 7ta F s =E vagdo Ry 7 Ao e 4EE ZA
T BT 4 Agen, 5 Ao A vERd o 545 FYsk
TFAT] BlFAE W R EAT PR oAl d 7S F 120l diek Sk AlAS4LE Fig. 20 B
Table 4. Total concentration of siloxane in landfill gas (Unit: mg siloxane/m3 LFG)
Sudokwon landfill2) Landfills in Korea? A landfill A landfill A landfill A landiil
This study in Augsburg, in Vienna, in Berlin, .
Site 1 Site 2 K H Germany!?) Austria!?) Germany'? in US?
(1.2%'_9;77) 6.22 8.93 10.84 11.63 4.8 9.3 36.3 37.7-68.9
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Fig. 6. Adsorption curves for hexamethyldisiloxane (L2) in
serial adsorptive experiment using actual landfill gas.

w

o AnE 8Ql oA BAT] stel APujde] W2
wE Aot ol glstel AL AL ¥ A F
A2Ye AR Adstel A4 A FHAAE A
#2 St gzkae) gasel g A 5 e
o) D3, D4, DEHES USRS WEE Aglol
7 o] SRS G9FFY AU 0.86 mg D3/g,

4,11 mg D4/g, 0.34 mg D5/g coconut activated
carbon®| € W74 fE5x=9 S7H7F UEUA] gkot 19
A 92t FAEEE SHEHHA & B8R AAEAL
e Aoz Yeyth, o= wi#@ztso] 7 wol dE
o] Qli= D4/ &sb7hof 71 Wol 3

thsto] ofx}A /dgto] gt
|

&%
A3t glo] o] AR AHelo] fETS HolFi

:{o
)
2
32
rlr
=)
[

EF $ich(Fig. 6). 194 —g"’ﬂz_:‘]_-ethoﬂ/ﬂ]— LA%O&%O] of
0.7 mg L2/g coconut activated carbone 73 TFStHA A
ARI7E FA8] DojA]7] AlAste] °F 0.8 mg L2/g
coconut activated carbon®] F2FY ISFHA
Perof vl & FEEEE Holil, FUE=EY 44 o]
Fo FEFEE UEhZ|E shltt, v, 29 A S
M= 194 &7t =7 DS 2 o2
SFASol e Etekal L2/d&o] 2 AlAE e

o 1o

fLoofr R

O
=

o
i

ot

fu

oN Y

N
—_

=
U

+

Fo7hA0} 7 WA FRLY] fE7AC diT A=A
% BERNE 9 FHRAL Fig. T3 2 194 33

Zol AL FARUdFEFO] 4 mg siloxane/g coconut
activated carbon® 28 w74 95% o|Ate] AAEE

|l sl iin oo b i
# - Il almplien coleren

I L..'__... S

e
il 1 ] 1 4 q e T

Tl frgrant ai| by | e s Bomani '@ oo il sor vl cowsadil

Fig. 7. Adsorption curves for total siloxane in serial
adsorptive experiment using actual landfill gas.
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