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Analysis of Potential Diesel Oxygenate Using Direct-Sampling
SPME Technique

Kyu-Hyun Lee, Si-Jin Lee and Soon-Woong Chang'
Dept. of Environmental Engineering, Kyonggi University, Suwon City, Korea

The addition of oxygenates to diesel fuel can significantly reduce particulate emissions. Dibutyl maleate
(DBM) and tripropylene glycol methyl ether (TGME) have been identified as possible additives based on their
physicochemical characteristics and performance in engine test. In this study, it was investigated to determine
optima condition for the analysis of potential diesel oxygenates using SPME technique with GC-FID. Four
fibers were compared and CAR/PDMS fiber was found to be the most sensitive when used direct-sampling.
An absorption time of 30min and a desorption time of 5min provided to be the most sensitivity. The effects
of experimental parameters such as the addition of salts, agitation, absorption time, composition on the analysis
were investigated. Analytical parameter such as linearity was also evaluated.

Key words: SPME, GC/FID, Oxyganates, DBM, TGME
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Fig. 1. Chemical structures of DBM and TGME.

Table 1. Physicochemical properties of oxygenates

Property Units DBM TGME
MW g/mole 228.29 206.2814
gj’;ﬁ;‘; gem®  0.988(96%) 0.963(97.5%)
BP? °C 281 261
Koc? ml/g 126 10
Log Kow® - 4.16 -0.2
VPd mmHg 0.000623 0.00015
se mg/L 500 1.9x10°
Hf atmm®¥mole  3.74x107  4.54x107
Dy cm?/sec 0.051 0.053
Dyater cm?/sec 5.3x107 5.5x107°

(*Boiling point; "Organic carbon adsorption coefficient; 126
ml/g); “Octanol-water partition coefficient; *WVapor pressure;
Solubility in water; ‘Henry's law constant; SDiffusivity in
air; PDiffusivity in water)
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Fig. 2. Structure of SPME and process of adsorption and desorption using SPME.
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Sample®] F2HgL Flsix 82 bottleell A fiber
7} holderdtel] Eo17F el 2 bottle®] septume £
Fof| Z-slot o] fiberE YAAZF B BAES &
Zstt), ool fiberE THA] holdergtel] FAY A
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B FYUt. ZslotE Eo fiberdl| 2w EA4FS
AGAIZE B FUFONA T2 AR dEFAA
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Al holdergtell ¥WaL F-7ollA WTh(Fig. 2).

2 APofME A 551 (SPME; solid-phase
microextracion)2. 2 A A TAA7FAIQ] dibutyl
maleate(DBM) ¢} tripropylene glycol methyl ether
(TGME)E 7V Br#d oz AM-H 3. 3= GC-FIDO
A Al - A AFE 7 e S FHse

Ae ZEz s

A~

m[o

2. Mz W Uy
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5 column(5% Phenyl Methyl Siloxane, Capillary,
50.0 mx200 umx0.33 pm film)S A3 carrier
gast 1 mL/min®] $%2 99.999%°] nitrogen gasE
AHE-S191 0™, make-up gase 30 ml/min® = Z=As}
03\1:]. A]E’ZO”:“/] _Q_l:‘—— 280°C, 7]9/] _Q_l:._.
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Table 2. List of fibers used in the study

FA3E EFAIE 100 mlZ Sl] teflon-silicon septa
9} aluminum crimp cap®® WEI T direct-
samplingd}e] E-41819ch ol we §3E ®r) 9
A ALgd wHE7 )= Coling Co.(Korea)?] PL-351%
2 ARE3IM 2, SonicationS 98] Bransonic co.
(US.A)2] 5210R-DTHE AHE-&15]th,

ok H (salts)e] YIS AR g3l EAE
100 ppmell NaCl 30% (w/w)E F7tsted 41819t

3. d3 3 pE

3.1. 21X Fiber MH

A 4=Z AW fiberE: A7) 95 SPME
fiber & PDMS 100 um, PDMS 7 um, Polyacrylate,
CAR/PDMSE A3t AHE3199.29, DBM, TGME
£ 717} 100 ppme E3te] 4131810 Table 200=
AREE fibere] FFE =W dukgel 8¢
£ Yepiich

et SPME fiber &5 '6“01]}‘1 AskA e

712400 Fgab) AE 29Y Tl 94
7} ek, 948 A7 F o FARYL o

o v‘i—ﬁ 22 524y
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100um PDMS ~ 7um PDMS  Polyacrylate ~ CAR/PDMS
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Fig. 3. Effect of fiber on the adsorption.

Stationary Phase/ pH Max. temp.

Rec. Operating

Applications

film thickness temp.
PDMS 100pm  2-10 280 °C 220-280 °C Volatiles Nonpolar semivolatiles
7um 2-11 340 °C 220-320 °C Nonpolar high molecular weight compounds
Polyacrylate  85um 2-11 320 °C 220-310 °C Polar semivolatiles
CAR/PDMS  75um 2-11 320 °C 250-310 °C Gases and low molecular weight compounds
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Fig. 4. Effect of adsorption time from 5 to 300 min.
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Fig. 5. Effect of desorption time from 0.5 to 30 min.
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Fig. 6. Effects of agitating and salts.
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Fig. 7. Effect of composition on the extracted amount.

Table 3. Correlation coefficients of linearity, repeatability
and limits of detection at standard concentration
range from 10 to 5000 pg/L

Compounds RT Linear %RSD 1000 LOD
(min) () pug/Ltn=5)  (ug/l)
DBM 3752 09814 49.35(n=3.0) 500
TGME 38.71  0.9941 49.31(n=3.3) 5
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