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Solvent Selection for the Detection of Siloxanes in Landfill gas

Nackjoo Kim' - Ju-mi Choi - Eun-jung Ji

Department of Fine Chemistry, Seoul National University of Technology

ABSTRACT : As a preliminary measurement of siloxanes in landfill gas(LFG), this study was conducted to determine the best suitable
solvent applicable to the extraction of siloxanes in the domestic landfill using liquid-absorption method. Three solvents of n-hexane, acetone,
and methanol were tested and the results obtained from GC analysis for each solvent were compared to their properties. Results showed
that the resolution in the GC spectrum was the best from methanol due to the lack of overlapping of the peaks between silane and
solvent. The detected siloxanes concentration were varied at maximum 2.6 times depending on the types of solvent as well as extraction
velocity and impinger steps. In total, the highest concentration of siloxanes was obtained from methanol, which showed ideal pattern in
the absorption of each impinger step and the least relative standard deviation. Accordingly, it is concluded that methanol is the most
suitable solvent for the extraction of siloxanes in the domestic landfill. However, it is considered that solvent suitability can vary depending
on the waste components and landfill record in landfills.
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Table 1. The types and physical properties of major siloxanes'”

)

standard materials molecular formula abbreviation mszc:gl}xlltar Z;I:;);I:‘;S;?;) pobiﬁih?‘i“)
Tetramethylsilane C4H,2Si 88 81
Hexamethylcyclotrisiloxane C¢H1503Si3 D3 222 10 273
Octamethylcyclotetrasiloxane CsH2404814 D4 297 1.3 348
Decamethylcyclopentasiloxane Ci0H300581s D5 3N 0.4 412
Hexamethyldisiloxane CeH 15810 L2, MM 162 31 210
Octamethyltrisiloxane CsH24Si30; L3, MDM 236 3.9 306
Decamethyltetrasiloxane C10H3081403 L4, MD2M 311 0.55 382
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Fig. 1. Component of sampling device for the solvent absorption.

), of KSEE / Vol. 29, No. 8, August, 2007



WYt FLATER

Age A% 8AQ B AF 017

Table 2. The linear regression analysis of each standard siloxane on adsorption solvents

n-Hexane Acetone Methanol

substance 3 p 2

y=axtb R y=ax+tb R y=ax+b R
silane y=0.814x+0.078 0.9998 y=0.555x-0.095 0.9998 y=0.466x-0.153 0.9886
L2 y=0.703x+0.299 0.9967 y=0.477x+0.049 0.9996 y=0.569x-0.023 0.9991
D3 y=0.503x+0.181 0.9933 y=0.312x+0.028 0.9998 y=0.228x+0.131 0.9961
L3 y=0.609x+0.311 0.9935 y=0.388x+0.0003 0.9993 y=0.443x+0.181 0.9991
D4 y=0.481x+0.346 0.9948 y=0.308x+0.095 0.9992 y=0.335x+0.177 0.9964
L4 y=0.556x+0.433 0.9906 y=0.348x+0.092 0.9993 y=0.348x+0.214 0.9966
D5 y=0.466x+0.229 0.9928 y=0.305x+0.006 0.9997 y=0.287x+0.279 0.9968
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Fig. 2. GC spectrum of standard siloxanes on n-hexane
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Fig. 3. GC spectrum of standard siloxanes on acetone.
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Fig. 4. GC spectrum of standard siloxanes on methanol.

Table 3. Concentration of siloxanes on gas velocity

velocity Acetone

(mL/min) 250 200 150 100
concentralion | ;995 | 8239 | 11972 | 11232

(mg/m’)
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Table 4. Selection of solvent capacity and impinger step

solvent Acetone
(mL) 30 | 30 | 20 | 20 | 15 | 15
concentration | 5.759 | 3.895 | 7.860 | 4.112 | 1.012 | 2.128
(mg/m’) 9,654 11972 3.140

Table 5. Concentrations of siloxanes on n-hexane adsorption method

et} eelel BEZAE Aol Ushith £ 29 JAA
ANE A4Te ¥ siloxancs A&o] FAYLZH F714
o YEAL Bage UBAFI Ytk WA o F AF
A YUAE 6 mL §FoE AN 2B JAA
NERe oL WA V4E JUoR AT 4F 2
AT 2FE 38 ARAFTEL FF Air ToxicsAHe]
AEARTE IR #43 AHE BAFT grt.
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tone, n-hexane 2.2 A A&£Y %0, methanol2 n-hexane
9] 2,68 FEQ] 96.7 mgm'2A &uj o] siloxanes FE
el et 9T 71X evtE 7 BAETh

£ APA methanol £Fl2 dolF F FE FIFFS
Wheless £¢] AT723PP0A Bad Q5 uj@ A9 siloxanes
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Fig. 5% Table 5, 6, 79 2#E wlgter, z+ &upd 4
29 siloxaneE3d WA/} £ol3t=E 2¥Loz bl A
olth. IoIA HiEntel Zo] Dd= BE &ujolA siloxanes
2 87 559 50% odozA A gA AEHAT ©f

(unit: mg/m3)

cubstancy sample Noy 2 3 4 5 6 7 8 9 10 average
silane 1.20 0.82 1.65 0.09 0.72 1.07 2.04 121 247 0.42 117
L2 0.14 0.20 0.14 0.17 0.20 0.12 0.25 0.17 0.19 0.18 0.18
D3 0.17 0.26 0.17 0.22 0.18 021 0.23 035 0.02 0.17 0.20
L3 8.91 9.08 8.1 9.28 8.71 8.13 9.66 9.81 931 8.74 8.97
D4 2035 | 2108 | 2005 | 2176 | 2060 | 2203 | 2157 | 2439 | 2346 | 2223 | 2175
L4 0.62 261 0.48 1.08 0.72 2.83 122 1.04 0.99 0.83 1.24
DS 3.90 4.00 3.85 374 355 3.74 334 3.98 4.08 3.84 3.80
total 3529 | 3805 | 3445 | 3634 | 3468 | 38.13 | 3831 | 4095 | 4052 | 3641 | 3731
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Table 6. Concentrations of siloxanes on acetone adsorption method

919

(unit: mg/m3)

cubsianns sample Noy 2 3 4 5 6 7 8 9 10 | average
silane ND ND ND ND ND ND ND ND ND ND ND
L2 0.40 0.43 0.39 0.33 0.46 0.33 0.47 0.34 0.34 0.43 0.39
D3 0.72 0.85 0.75 0.97 0.78 0.66 0.93 0.74 0.60 0.70 0.77
L3 14.63 13.72 14.47 14.71 15.07 12.64 16.20 14.51 13.72 13.25 14.29
D4 25.95 28.09 27.89 32.65 34.99 32.09 3239 28.48 31.99 32.62 30.71
L4 236 2.78 1.19 0.85 1.55 3.89 3.49 4.00 3.74 1.86 2.57
DS 5.41 5.55 5.51 6.86 6.27 5.41 5.04 4.55 4.74 5.15 5.45
total 49.48 51.43 50.20 56.36 59.13 55.02 58.53 52.62 55.13 54.01 54.19

Table 7. Concentrations of siloxanes on methanol adsorption method (unit: mg/m3)

substancesample Noy 2 3 4 5 6 7 8 9 10| average
silane 4.96 5.00 5.09 5.10 4.89 4.85 4.79 5.11 498 5.13 4.99
L2 0.51 0.45 0.77 0.53 035 0.52 0.67 0.51 0.54 0.51 0.54
D3 15.56 21.17 21.05 21.41 21.25 17.25 21.30 22.73 19.77 16.55 19.80
L3 17.34 17.92 17.38 18.34 16.96 17.87 16.93 17.49 17.66 17.47 17.54
D4 45.73 43.30 46.21 46.20 44.42 47.73 45.11 41.98 41.27 45.50 44.74
L4 1.25 0.72 1.72 1.12 1.02 1.16 0.42 1.06 0.44 1.43 1.03
D5 7.71 8.08 8.68 8.39 7.94 7.98 7.96 7.79 7.39 8.18 8.01
total 93.05 96.64 100.90 101.10 96.83 97.36 97.19 96.67 92.05 94.76 96.66

% Cin-Hexane s = standard deviation

:;:2 :Zf;‘a’:il n = total number of values

-g 2 x ; = each individual value used to calculate mean

§ 10 "x = mean of n values

8 0 Z % i
silane L2 b3 Snoines 04 05 Table 894 HEule} ZHo] n-hexaned EZEHx7} Zo} 7+

Fig. 5. Concentration of each siloxane classified by solvents.
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Table 8. Standard deviation and relative standard deviation
classified by solvents

n-Hexane Acetone Methanol
S 492 8.25 9.43
%RSD 13.18 15.22 9.76
TeHEE B oteIx 293 62, 20074 8¢
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Table 9. Concentration of siloxanes according to each step 4. 4 2

sub- n-Hexane Acetone Methanol

stance | 1step | 2step|3step | total | Istep | 2step | 3step| total | Istep {2step |3step | total Gt F9H siloxanesE2 AEL AT 33 E48
silane | 0.17 {0.51 {049 | 1.17 | ND | ND | ND | ND [ 1.80 | 1.60 | 1.59 | 4.99 fAdFe) e ATEAH e gL 2L A9tk

L2 |ND {0.18 | ND |0.18 | ND |0.24 | 0.15]039 0.7 020 | 0.16 | 0.53

D3 |001]0.19 | ND {020 | ND | 031 046077 |11.40] 621 | 220 1981 1) EFE4Y GCEHYIAN AEHE 3714 &89 F
L3 [124|7.73 | ND |897 130 |12.17|0.83 [1430{12.05] 4.71 | 0.78 17.54 methanolo] &uj$} silane W29 FABFo] TAA &
D4 | 9.08 |12.67| ND |21.7513.90(16.75] 0.07 |30.72|41.69{ 3.01 | 0.04 [44.74 o} B2l5ol 7HF $atA vegth

14 046|078 | ND | 124|110 {147 | ND | 257 | 054 [ 0.49 [ 0.01 | 1.04 2) A& siloxanes =] A gk Fr8e] w
D5 (268|112 | ND |3.80 392|147 | 0.06 [545 796 | 0.04 | ND [8.00 AY 26¥9 FEAE Byon, TPHEFH ¥ d9A
total |13.6423.18] 0.49 [37.31/20.22[32.41 1.57 [54.20[75.61]16.26] 4.78 |96.65 g @ AR w2 AR UEsT
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Fig. 7. Concentration of total siloxanes according to each step.
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