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The presence of trace amounts of siloxanes in landfill gas (LFG) may lead to mechanical malfunction and
deteriorate the gasification efficiency. Hence, it is imperative to develop an accurate and reliable method to
measure the siloxane concentrate in an LFG. In this study, two test methods were used in order to determine
optimum sampling conditions for effective measurement of siloxane concentrations in emitted landfill gases.
The experiment was carried out using the solvent absorption method and the solid adsorption method. D4 and
D5 siloxane molecules, which account for 90% of the total concentration in the material, were analyzed by
each method using different solvents and flow rates at different temperatures. When acetone was used, the
recovery rates of D4 for the solvent absorption and the solid adsorption method were increased to 7.1% and
8.6%, respectively, as compared with using methanol. The recovery rates of D5 for both methods increased to
19.6% and 26.6% as well. It was found that using acetone has a much higher recovery rate than using methanol
as a solvent in both methods. Besides, the method in which the absorption solvent is cooled to a low tem-
perature using dry ice showed the highest recovery rate. Also, the solid adsorption method can measure silox-
anes concentration faster than solvent absorption method by improving the adsorption tubes, reducing sampling

time and resolving equipment complexity.

Key words: Siloxanes, Solvent absorption, Solid adsorption
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Table 1. Results of QA/QC for siloxane standards

7 7H =4 EXEoe 2ad 77 B E AHA
FE2] 90%E AAsH= D4, D52 o]&-3te] A 213
SITEY 7)A EEEAS Alxs) Y8l @7k
D4, D5 E37E=E AMESRAL, A7 23S Qs
7} ¥#E4L Sigma-Aldrich(USA) <%= 98% ©]/d<]
AFS ARsIdlem, EFEHe] sMen 2 8ulgs
Wt AFER el AR S48 2E B&J(USA)
ACS/HPLC methanol, acetone2 AR&-3Fitt. LA418-2F
Holl ARE FERARE o A8 ARSsI e,
ErE g e ofaAl SAJEHSGA-100, 16x35
meshy S ARSI SAERS ARSS] W SR4=E
53] o] AlE] & 105°C LEClA 124]7F o) =3}
o FH]3Hth

2.2. Mz

71719 Add 2 A= HE5S st 58 5
= 10 pgL, 100 pglollr] AEE W SA 3] S
(Mean), ¥=Ax}(Standard Deviation, SD), A FF=H
2} (Relative Standard Deviation, RSD), HA7HE&35H
(Method Detection Limit, MDL), & 4~7 %34 (Limit
of Quantification, LOQ)= Table 13} 7t} 7zt E24
FTE EFEHAE 0.64~2430F =& AAHS
Fom, AN EFHAE 1.34~6.44%% 717)15-2¢] 3
A7) =9dt) FAHEIAE 1.35~7.64 nglLE B9
3, HAAaATIAE 4.45~2520 pg/LE e FE7A|
A 7Vssinh AR Fo] wWE da 3482 D4
9] 10 pg/LollA 99.48%, 100 ug/LolA 99.94%= 1}
ERRQIO™, D59] 10 pg/LellA 99.60%, 100 pg/LellA]
100.11%%3t}.

¥5E4 D4, D52 10 pg/l, 100 pg/ll S== wEr
2o dAFe=R FMstar GCMSe 1 uLE FYs
2 & AR ZAL Fig. 1, Table 29} 7t} a2 2
ABAA = D4 y=7.298x+781.31(0.9998), D5 y=
15.369x+311.03(0.9990)% A= shghsl 2 X408 BTt

[e2

2

d

D4 D5
Parameter 10 pg/L 100 gL 10 pg/L 100 pg/L
Mean=SD (mg/L) 9.95+0.64 99.94+133 9.96=0.43 100.11+2.43
RSD (%) 6.44 134 431 2.43
MDL (mg/L) 2.01 419 135 7.64
LOQ (mg/L) 6.40 13.40 430 24.30
Recovery (%) 99.48 99.94 99.60 100.11
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Fig. 1. Calibration curve of D4 and D5.
Table 2. Results of linearity validation of D4 and D5
Parameter D4 D5
Regression equation y=7.298x+781.31 y=15.369x+311.03

Coefficient of determination (r%)

0.9998 0.9994

2.3. Mgy

231 AF717]

AZ2ko] BAoll= GC/FID, GOMS7E 718 gl o]
S5 on, o] T GC/MS7F %=, A8 HolA
O stk e 2 Ateas AE 248 23
GC/MSE: o832, Table 33 o] GC/MSE &
&tk Ade] Ag" GC/MSE Agilent Technol-
ogies US, 6890 / 5973N MSDe|™ HP-5MS capillary
column (Agilent, 30 m x 250 um x 025 pm)e A}

Table 3. GC analysis conditions

Carrier gas He
Ge Flow 1 mL/min
Inlet temp. 100°C
Injection 1 ul
Ionization mode EI
MS Analyzer Quadrupole
Transfer line temp. 280°C
Modus SIM mode

Flokeb, A28 fAeh] f1gt WA= aEfslokst
o} wEbA 71 ATES v R gafo Fuio]
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FEo R A7kl A A2k AFEIeH? Air
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Fig. 3. Experimental equipment for solid adsorption method.
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L, D5 6863 pglLol thafl weke-S F8m= ARS-3t
Re A ST 2= e dSE D4 RG] Eet 3
FEE 46.5%°N4 89.2%7MA F7YEIA AL, D5 AdEe
it 35S 44.3%014 70.9%7A Z7FKAT). obAl
ES F8uE AMSEIE Al D4 ARe] Her 358
2 59.7%014 96.3%7FA Z7 el D5 AdE-e] wi
382 70.6%°04 905%7HA] S718IATE D4 452
e, AL, AN Ha 35EL o Eo] WEe:
B} 135%, 19.7%, 7.1% =9koH, D5 Ao H
3|48 w3 26.3%, 21.9%, 19.6% =Sth 7t &
2 WEhE, oMlE] Het 35S VudS
ANET 2EoA obHES] Het 35g0] HEee
o 35gHTh =9tk MEY 2ot JEdsE 2
e AEAke] He 35ge SRR, s
A FAEFE AEAL] 35go] Frlske olfe= 7t
2o FFEIaL s i Al JFge g B 71E
Bl gHolA Tk ShE S AEAF AIEE A
ato] flele] Hrke A7 B nf 9lom 19 A=t

e
e
fo
1
2
k=)
|t
3
¥a
5
oy

b
SN ofL i AR

ERRA T QA FH el By dEo] A4
H 2 ER1E = ek 3 227 e ztel] wet
Hast] FrEel S Aew
kS E T o] A A&
Al Age] At deA okt aeu A1 = )
TES HAY SAX(60°CplA gvie] EdEL v
= 6.7%, °MIE 10%2 LoS 183 SulFTRlAN
SHE 30%, 333%ET & FOF EHEC] Yoy

9
AL AT 5 YUk, Edfolojol2F o] g SulE
PN
T
3

o 71E obES] S SUERY AEY ¥4

Foglel ggulel SU A% F5& 43S o
g % glom, wgzke o $RAA B 2 5
A & 5 At

%)
EZ7255% D4 5023 pg/l, D5 686.3 pg/Lell thal
100 mL/min(A&%= 0.067 m/sec)?] FHo=2 T3 &
HErES o83l FEIIUS A Het 35E2 D4
85.6%, D5 63.1%, oMIES o83l FE31S Al D4
94.2%, D5 89.7%%3t}. 600 mL/min(A1<4% 0402 m/
se0)?] FEFlA He IFEe WEE FF Al D4
68.9%, D5 551%, °MIE F% Al D4 76.2%, D5
75.1%7H4) 72+48em, 900 mL/min(H&% 0603 n/
sec), 1200 mL/min(A&% 0,084 m/sec)e] ol 3



]

iE7 RS S ASA ST W U 195
700+ Methanol D4 700 Methanol D5
600+ 600 -
= )
£ £
? 500 Eﬁ 500 i
= } c
£ 400 £ 4004 by
f= § | =4
8 3
5 5
© 300 300 .
¢
200 T T T 1 200 T T T 1
Room Ice Dryice Room Ice Dryice
700 Acetone D4 700 Acetone D5
600 600 -] ¥
[
) - L]
£ £
£ ; £ ;
c c
S S
£ 400 £ 400
c c
3 3
< <
38 S
300 ; 300
200 T T T 1 200 T T T 1
Room lce Dryice Room lce Dryice

Fig. 4. Comparison of concentration in solvent absorption method.

Table 4. Volume loss of absorption solvent as a function of temperature

. Before Sampling Temperature After Sampling Volume loss

Absorption solvent (mL) P ?‘)C) (mL)p %)
20 6 60

Methanol 15 4 10.5 30

-60 14 6.7

20 4.5 70

Acetone 15 4 10 33.3

-60 13.5 10

o+ 35Ee ek 3= Al D4 153.0%, D5 1052%
7 FAH st FE28ulol e Hit &
2 D4, D5 AiollA Aoz opalEe] wekgrh
=9kth 300 mL/min®t 600 mL/min®] F-3ollx Ha
3ol g ol FEREE W f5e] ST
e} ekl SABIA alal FEHE T A
o2 AztEm, 2Rtk wE 7420 900 mL/min, 1200
mL/minol|A] 3|5&o] FAsH S718 olfie 29
W §Hgel F7kste] F3A1e] FAsS SV A3

2 ROt} ek Seky} F3Ree] HEAZRS 100
mL/min %A 223 secE 7 Ao, 1200
mL/min fFNA 0.19 secE 7P &t}
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Fig. 5. Comparison of recovery rate in solid adsorption method.
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Fig. 6. Comparison of recovery rate by sampling methods.
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