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Abstract :

Journal of Oil & Applied Science

The current allowable cross—contamination level of fatty acid methyl esters (FAME) in

aviation turbine fuel (AVTUR) is 50 mg/kg, due to that the presence of FAME in AVTUR can
significantly impact the fuel supply system and jet engine. It has been difficult to analyze the level
of FAME in AVTUR, since it is consisted of a lot of hydrocarbons. In this study, thus, a new
method using multi-dimensional GC-MS (MDGC-MS) was proposed in order to determine the
FAME level in AVTUR effectively. Applying to MDGC-MS with Deans switching system enabled
us to detect and quantify the FAME with low carbon numbers such as those derived from coconut
oil and palm kernel oil. The matrix effect of MDGC-MS method, which could shift the FAME
peaks to slightly longer retention times, was reduced by 20 times compared with that of

1-dimensional GC-MS reference method. This developed method could be suitable for qualitative

and quantitative analyses to determine the contamination level of trace FAME in AVTUR.

Keywords ' Aviation turbine tuel, Multi—dimensional GC-MS, Fatty acid methyl ester (FAME),

Deans switching, Matrix effect
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scattering detector) HE7]E ARgdts WHoR
Cl16-C189] 7I¥ FAME 32 24% 4+ 9
o} IP 599[10]+= Deans switching A|~®lo] A
Z]=  Multi-dimensional 7}A32rtE 1 0-&
20|23 &7 (MDGC-FID)E AHgsted Cl4-
C18¢] 7H¥ FAME @& #Ask=s Wiolrh
Lissitsyna[4] 52 GCXGC-FIDE Algsto]
GC-MS 24 H|WshH= A5 S35k
71E BAYS Holedd 959 90% ol
A 5= 5 (soybean oi)yr -2 (rapeseed
oil) 7]9ke] FAME(C16, CI8)& wie=z gt
HolN, AdiFer &aart A2 IFYR
(coconut oi)Yt H-f(palm kernel oil) 7|5
FAME(C12, Cl4)2 FeHYRe] widst $3
o] BEAo] o]t} Methyl myristate(C14:0)E
AT 4 Sl TP 599 A2 C16~C18 &4
Al AgE FAxAE oE dRo 2S5 A4
Ao ke HMARZo]  IAggTE  ERE
GCxGC A% 1-dimensional GC Hrt} 1
3 AT} Hlole Ao B2 Agte] AQEH
w47 SHE 7)ol Q7

oeba] 72 AFoME FFENR T Rl
FAME @32 24ste 71& Algde 9=
Bkt MDGC-MS/SIM modeE -85}
HE Heletd dsRRYH ABiEE FQ
FAME 4E(Cl2, Cl4, C16, C17, C18)& A4
2 AT B3 71 AWl P 585
9] 1-dimensional GC-MS EAHi} H|1w5HS
.

2, 4
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Table 20l Uebdl FAME 7 8o A4 4
AFEAE 9lote] Sigma-Aldrich®] AloFE AHE
Stk EQF EFEAR FAA 34 {2 AR
3t dodecaneX Sigma-—Aldrich A|eF& AHESH
t}. FAME EZA8: Z7Fe] FAME AJekS
dodecanee] FAste] 1000 mg/kge] HE2 =
At & oA gAHCRE M43t 2, 4, 6, 8§,
10 mg/kg 5E FAME ZFEAREE XA
o EEARE WERTelRA Lot 9
ElRlf= =Wl SKol|AIG@elA Aitd Jer A-1
AE= A-EsHH.
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2.2, 7JtASR0tEIM I -EZEM 7| (GC-MS)

B AeA MDGC-MS9| B4 Avte} v)w
5t7] flote] ARERE GC-MSE AsAlaTd%
A, BE/MEE F7 E, single
quadrupole/electron ionization (EI) source A=F
2AZ7IMSD)2 #4gd%E  Agilent  Technologies
7890A GC-5975C MSD(Agilent Technologies,
USAYE AHgstelth. 48 GC ZE2 FAME
AR S A% S49 mA® Add
polyethylene glycol AH(HP-INNOWax,
Agilent Technologies, USA)& ARg3lict. 2xF
71 A (carrier gas)+= 15=%(99.999%) HAE= At
Botadek. HA AldzAY dabe 1P 5859
AEo] Sl AFYHEE wREiew, Table 39
GC-MS  EAzAS  Jehfoleh  Agilent
ChemStation softwaregd ©|-gote] GC =2t

dolel 3 2 42 Sashaint.

2.3. Multi-dimensional GC—MS

B oAoA ARgg MDGC-MSE AHFAl g5
A, wEd/HEd FU71, 2789 eF, 2749
HZ7], Deans switching AlAgloz LA
Shimadzu MDGC/GCMS-2010 Series
(Shimadzu, Japan)& AHgstlom, Fig. lof A
ol AHH MDGC-MS®| s Hepfiglct
[11]. Figure 1o] vrehd HRe} Zo] MDGC-MS
£ 1x @B} 22 9Bo] YR AZE]o] glo
™ T Afe]o]] Deans switching systeme] x| %]
o] Sitt. 1 Qo= AFARFYFAL} BE
0] 235 =7](Flame ionization detector, FID)7}
AR =] Qa1 22 QB HZFEA7](Mass
selective detector, MSD)7} 2ol 2t EA
4 GC AL ZAT AHE AR8otdled, 13
QBoE= H[=ZA9 dimethylpolysiloxane ZA¥
(DB-1, Agilent Technologies, USA)& A5
I 22 QB E 2-2489] GC-MSeoflA Argst
A U polyethylene  glycol ZAH
(HP-INNOWax, Agilent Technologies, USA)<
AT

SHAE 145(99.999%) e ARESHA
11, Shimadzu MDGC solution software® ©|-&
st GC =&t flolg #3 9 sj4E 3st
%t} Table 491 MDGC-MS 24242 e
91, & BXAZHrun time)2 50 min ©]th.
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Table 1. FAME test methods in AVTUR

Test Method Instrument FAME species determined Reference

1P 583 FT-IR C8-C22 FAME (7]

IP 585 GC-MS Cl16:0, C17:0, C18:0, C18:1, C18:2, C18:3 (8]

IP 590 HPLC C16:0, C18:0, C18:1, C18:2, C18:3 [9]

IP 599 MDGC-FID C14:0, C18:0, C18:1, C18:2, C18:3 [10]

Lissitsyna et al. ~ GCXGC-FID  Cl16:0, C18:0, C18:1, C18:2, Cl18:3 (4]
Table 2. FAME components

Chemical name Common name Symbol ?ggﬂiﬁg lar %eci)lgﬁular

Methyl dodecanoate methyl laurate C12:0 C13Hz60; 214.34

Methyl tetradecanoate methyl myristate C14:0 C15Hz00; 242.40

Methyl hexadecanoate methyl palmitate C16:0 C17H340; 270.45

Methyl heptadecanoate methyl margarate C17:0 CisH360: 284.45

Methyl octadecanoate methyl stearate C18:0 Ci9H350, 298.50

Methyl octadecenoate methyl oleate C18:1 C19H360, 296.49

Methyl octadecadienoate  methyl linoleate C18:2 CioH340; 294.47

Methyl octadecatrinoate ~ methyl linolenate C18:3 C1oH30, 292.45

Table 3. Operating conditions of GC-MS

GC conditions

Column
Injection volume
Inlet
Temp.
Mode
Column flow
Oven
Initial temp.
Ramp #1
Ramp #2
Run time

MS transfer line temp.

polyethylene glycol (60 m*0.25 mmx0.5 mm)
1 L

260 C
splitless

1 mL/min (constant flow)

150 C for 5 min
12 C/min to 200 C for 17 min
3 C/min to 252 C for 6.5 min

50 min

260 C

MS conditions

Ionization source
Source temp.
Quadrupole temp.

Data acquisition delay

70 eV electron ionization
230 C
150 C

20 min
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2nd Column oven

2nd Column

Multi-dimensional GC-MSE ©|-4¢t ¥ ERlF9] FAME &5 &4 5

1st Column oven

1st Column

Fig. 1. Configuration of a MDGC-MS system.

—_

Sampling injection port

2. 1% detector (FID)
3. 2™ detector (MSD)
4. Switching element

3. ZI ¥ D

3.1. MDGC-MSE 0|85t FAME 24

Deans switching A 2Eo] Ax =
MDGC-MS9| =& Fig. 2°] dYehfiglct

[12,13]. MDGC-MS9] Standby mode®llAl=
Fig 2(@)ollAl H+= Hpel Zo] g=x4dr|7 1%
Ay o] I FEP)EY 22 AEe] =T o
P2 o =4 FAAA 12 P4 824
A== FIDE olsstel HAEdrh Fig 32
Table 49] BEXZAC=2 dodecaneo] 3]Agt 500
mg/kg HE2] FAME EZFA|R2E standby mode
2 BA4% ggntE 7otk MDGC-MS9] cut
model A= Fig. 2(b)ollA B Hieb Zo] o
ZA717F 22 A99] dWd GEPHES 12 F
o] FgF =P o =4 §AAA 1=
Ao 855 ANEs 22 d8E& AX MSD
oA HEHt Fig. 42 Table 40 BEHzxA0=E
dodecane®] 3143t FAME EFA|RE cut mode
2 BA43b g=2ntgasielt}, Fig. 3014 4249
FAME m37} AEE+ Al (switching time)
9t cut mode2 AYAA 221 APoR HUH

RE o37F s ReEEe] HEHE AL
gAe 4= Stk Fig. 4@+ HAEAA E48S 4
5lo  dodecanee 3]4st FAME ZEEARE
MSD/Scan modez2 EASt A=ulE_J=o]1l,
Fig 4(b)= FFEHL 5t MSD/SIM mode
2 24T IEatE ol

AA HHAt A AAaEE Jeo A-1 A9
SEEIfol 10 mg/kg &2 FAMES 37}stod]
MDGC-MS®] cut modeZ EA3H AIE Fig.
591 UERITE Jet A-12 Fig. 5@l Re
vpel o] Ce~Cig 4o &a4AdRtEa o]
Folz7] wigel g mart FHE] HEH
tH14]. olet B wjd Fo] FAMER Jet
A-1 mae} F3E|o] ¢lom, FAME 37t 3
Z5E A HAEES heart—cutA|FA 23+ 2
doz BHuyH 12 HE7IFID)ofA= o] AR
oA mart HEHA geth 2% APoe=r &
E% FAMES 989 Jet A-1 AES2 24 4
it B9 S oAl =T, 23t
HZ7IMSD)oA A&9tt. Fig. 5(b)= MSD/
SIM modeZ FAME m3E RIgt ZAijojmH,
oluf FAMES} Zro] &5 dF9 Jet A-1 &
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Fig. 2. Deans switching system in GC.
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standby mode.
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c182
c18:3

c18:1

6.0x10°

3.0x10° -

0.0 L n
25 30 35 40 45
Retention time (min)

Fig. 4. A SCAN/SIM result obtained from (a)

500 mg/kg and (b) 10 mg/kg FAME

sample in

dodecane  with  Deans

switching in cut mode.

2.5x107

soay]. (@ 1 Detector (FID) 1540° |
1.5x10' 100" g
338
1.0x10" 5.0x10° § E §
823
58 O
5.0x10°F 00 ol et el
2 5 10 15
g 00 al
= 16ae|. (0)27 Detector (MSD)
6107 ° o
e &g .
1.2110° 1 Q ] Cog
} g 5
8.0x10°+
4.0x10°F
5 10 15 20 25 30 35 40 45

Retention time (min)
Fig. 5. 1 and 2™ dimension chromatogram of
each 10 mg/kg FAME in Jet A-1 fuel
with Deans switching in cut mode.

o] FAMES} 357 gowA m=a glat 4
ZF2 9ISt SIM ion(m/z)-& Table 59} Zro] A3
sHATt.

3.2. MDGC—-MS2} GC—-MS H|

2 Ao At MDGC-MS Al@¥E
1-dimensional GC-MSE ©|&3t IP 585 Al
Hit vlwsty] §Jsto] Jet A-19] mlEe] FAME
£ Hrtstar Z4zhe] Al o2 FEAste] Fig.
6~7° Yttt Zhzke] o= FAMEZL
A7 A e Jet A-1 HIEAR, 2.5 mg/kg?]
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Multi-dimensional GC-MSS o] 83t 3t EHI-§o] FAME &F B4

Table 4. Operating conditions of MDGC-MS

GC conditions

Column

I** Column

2"¢ Column
Injection volume
Inlet

Temp.

Mode

Linear velocity
Oven

I** oven

2% oven
FID

Temp.

Air

H,

Makeup gas
MS transfer line temp.

dimethylpolysiloxane (30 mx0.25 mmx0.25 mm)
polyethylene glycol (30 mx0.25 mmx0.5 mm)

1 xL

300 C
Split (ratio 10:1)
25 cm/s

100 C — 10 C/min — 260 C (20 min)

100 C (17 min) — 5 C/min — 250 C (3 min)

350 C

400 mL/min

40 mL/min

20 mL/min (He)
260 C

MS conditions

Ionization source
Source temp.
Scan range

70 eV electron ionization

250 C
33 to 320 AMU

Switching conditions

Switching pressure
Switching time
C12:0
C14:0
C16:0
C17:0
C18:0/1/2/3

210 kPa

9.4-9.9 min

11.9-12.4 min
14.1-14.6 min
15.2-15.7 min
15.9-16.7 min

Table 5. SIM group targeted compounds and start time in GC-MS and MDGC-MS

GC-MS (IP 585 method) MDGC-MS
ffri/p[)iunds SIM ions for SIM 8P SIM ions for SIM group start

e start time . ; .

Quantification (m/z) (min) Quantification (m/z) time (min)

C12:0 74, 183 26.0
C14:0 74, 199, 211, 242 30.0
C16:0 227, 239, 270, 271 20.0 74, 227, 239, 270 35.0
C17:0 241, 253, 284 30.7 74, 241, 253, 284 39.0
C18:0 255, 267, 298 34.0 74, 255, 267, 298 40.0
C18:1 264, 265, 296 36.5 74, 96, 98, 264, 265 41.4
C18:2 262, 263, 264, 294, 295 38.0 67, 95, 262, 263, 294 42.0
C18:3 236, 263, 292, 293 40.0 79, 95, 236, 263, 292 43.0
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mg/kg FAME in dodecane obtained by
GC-MS.
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