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Optimization Condition of Trace Analysis of Fuel Oxygenated Compounds
Using The Design of Experiment (DOE) in Solid-Phase Microextraction
with GC/FID
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'Dept. of Civil Engineering, Hanyang University
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ABSTRACT

In this study, Solid-phase micro-extraction (SPME) with Gas Chromatograph using Flame lonization Detector (GC/FID)
was studied as a possible alternative to liquid-liquid extraction for the analysis of Methyl tert-butyl ether (MTBE) and
Tertiary-buty! ether (TBA) in water and an optimization condition of trace analysis of MTBE and TBA using the design of
experiment (DOE) was described. The aim of our research was to apply experimental design methodology in the
optimization condition of trace analysis of fuel oxygenated compounds in soil-phase microextraction with GC/FID. The
reactions of SPME were mathematically described as a function of parameters of Temp (X)), Volume (X;), Time ()3) and
Salt (X)) being modeled by the use of the partial factorial designs, which was used for fitting 2nd order response surface
models and was alternative to central composite designs. The model predicted agreed with the experimentally observed
result (Y,(MTBE, R?=0.96, Y, (TBA, R?*=0.98)). The estimated ridge of the expected maximum responses and optimal
conditions for MTBE and TBA were 278.13 and (Temp (X)) = 48.40°C, Volume (X;) = 73.04 mL, Time (X3)=11.51 min
and Salt (X;) = 12,50 mg/L), and 127.89 and (Temp (X,) = 52.12°C, Volume (X>) = 88.88 mL, Time (X3) =65.40 min and
Salt (Xy) = 12,50 mg/L), respectively.
Key words : SPME, MTBE, TBA, Trace analysis, Response surface analysis
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Coded factor Uncoded factor Y, Y,

Exp. No Temp Volum Time Salt Peak Peak
X X X X4 ©C) (mL) (min)  (W/vol,%) area area

1 + + + + 80 90 60 25 178.8 122.1
2 + + - - 80 90 5 0 118.9 55.2
3 + - + - 80 50 60 0 158.9 60.5
4 - - + + 15 50 60 25 163.8 774
5 0 0 0 0 40 70 20 10 263.0 116.1
6 - + - + 15 90 5 25 178.9 78.4
7 - + + - 15 90 60 0 93.80 14.9
8 + - + + 80 50 5 25 188.4 160.7
9 — - - - 15 50 5 0 101.8 15.1
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Table 3. Canonical Analysis of Response Surface Based on Coded Data on the SPME/GC

Y, (MTBE)
Factor Critical value
Coded Uncoded
Temp. (°C) (X)) 0.027 48.40
Volume (mL) (Xy) 0.152 73.04
Time (min) (X;) ~(.764 11.51
Salt (w/vol %) (Xy) 0.000 12.50
Predicted value at stationary point 278.13
. Eigenvalues Eigenvectors
Temp(X;} Volume(X5) Time(X3) Salt(Xs)
3.783 0.0362 —0.7071 0.7062 0
0 0 0 0 1.0
-3.61 —-0.00108 0.7066 0.7076 0
-130.96 0.9993 0.0264 —-0.0248 0
Stationary point is a saddle point
Y, (TBA)
Factor Critical value
Coded Uncoded
Temp. (°C) (X)) 0.143 52.12
Volume (mL) (X;) 0.944 88.88
Time (min) (X;) 1.196 65.40
Salt (w/vol %) (Xy) 0.000 12.50
Predicted value at stationary point 127.89
Eigenvalues Eigenvectors
Temp(X,) Volume(X;) Time(Xs) Salt(X,)
2.77 -0.0557 0.7100 0.7019 0
0 0 0 0 1.0
-2.58 0.00965 -0.7026 0.7115 0
—58.27 0.9984 0.0464 0.0323 0

Stationary point is a saddle point
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