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ABSTRACT

A combined system of a capillary gas chromatography and mass spectrometer permits rapid
analysis of gasoline.

The analysis is conducted on a 45m squalane SUS WCOT capillary column in less than 30
min.

Chromatographic peak identifications and detailed quantitative composition of premium and
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regular domestic gasolines are presented.

All gasolines have similar constitutions which are found to contain essentially the same hydr-
ocarbons, differing only in concentration.

Premium gasolines have greater perentages of aromatic hydrocarbons than regular gasolines
because of the difference in blending schemes.

Table 1. Specification of Capillary column

=
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Fig. 1. Flow diagram

Table 2. Opsrating condition of GC-MS with capill-

ary column

Instrument | GC-MS LKB 9000 with
i
§ computerized system

Table 3.

Operating condion of GC with capillary
column

Instrament : Yanaco, GC-8)

Column : squalane WCOT,

SU3 ¢ 0.25mm xL 45m

Column =~ | & 0.25mm, 45m long squalane . s R .
. WCOT i h SUS Sample size 1 0. 2ul of gasoline
CY capillary column( ) Carrier gas(le) : 3kg/cm?{(5ml/min)
| Column 30°C-90°C(3°C/min) Scavenger. gas : 20ml/min
Iniecti ¢ 170 Split ratio 161
Temperatureii njection por Temperature of column : 40-89°C, 4°C/min
O ' Separator 233 Semi-programmed
' Ton source | 959 Chart Speed . 10mm/min
: | Sens. 11072
Flow rate ’ Make up gas 8ml/min ) A‘Fc_e_snator 1 1/4
(
o Carrier 1.8kg/cm?
' ‘ 2-2, &
Split ratio | 7511 2-2-2. BMZU
- : Table 2, 3 3 40 A% 2ARALA 9
t speed 20 i ;

At speec. m/min A2z rhE 2 =0 g 44 (GC-MS), GC
Scan speed[ 8 W oSy e GC-MS 9 $1z27¢ &
Detector | TIC on MS sk v}, '

Th . Lo -7
Vacuum 1 1077 torr 9-3. ElstSac] mAIEM
A zgd s ded mie s Tzasde
Ree]noe] S 5K gty T2
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Fig. 2. TIC gas chromatogram of typical regular gasoline with Apiezon-I packed column

Table 4. Operating condition of GC-MS with packed

column

Instrument
Column

Sample size
Column Temp

Carrier gas
Flow rate
Detector
Separator
Temperature
Ion sourse
Temperature
Accelation volatge
Tonization potential
Trap current
Scan speed
Recorder speed

: Shimadzu GC-MS LKB 9000
: Apiezon grease L 10%

10m x4¢ glass column

1 0.2p! of gasoline
1 70°C-180°C, 3°C/min

semi-programmed
: He gas

: 30ml/min

: TIC on MS

1 210°C

1 250°C

1 3.5KV

1 70eV

I 60uA

. Bsec

: 1. 0cm/min
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Fig. 4. Gas Chromatogram of regular and premium gasoline(Yu Kong)
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Fig. 5. Gas Chromatogram of regular and premium gasoline(Ho Nam)
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Table 5. HC composition of regular gasolines(FID gas chromatogram with squalane capillary column)

Peak % of weight Peak % of weight

No Yu Kong ! Ho Nam | Kyung In : No Yu Kong Ho Nam | Kyung In
1 0.53 0.62 0.23 28 0.94 1. 44 0.29
2 2.49 2.65 8.07 29 0.52 0.75 0.14
3 6.37 7.66 12.85 30 C. 16 — —_
4 5.04 14.16 0.71 31 1.63 2.11 0.42
5 1.32 1.04 10. 93 32 — 0.09 —
6 13.13 3.18 | 6.86 3 — 0.05 —
7 8.30 4.45 12.69 34 1.00 1.98 0.19
8 10. 62 2.98 ! 2.41 35 0.05 — -
9 0.39 719 | 2.94 36 0.05 - =
10 2.28 1.39 — 37 0.52 2.14 2,29
11 0.71 0.42 — 38 0.38 1.39 | 2.04
12 0.57 0. 64 — 39 1.09 3.93 6.44
13 0.42 0.22 0.14 40 0.14 0.08 -
14 0.28 0.57 0.69 41 0.11 0.33 —
15 4.10 2.84 2.27 42 0.13 0.38 -
16 1.84 124 ! 1.03 43 1.13 2.49 2.65
17 5. 47 3.68 2.91 44 0.20 0.49 0.02
18 0.40 — 0.27 45 0.13 0.02 -
19 0.61 0.42 | 0.4 46 1.16 0.44 0.12
20 4,03 4.93 2.42 47 4.05 1.49 0.63
21 0.20 0.15 | 0.06 48 2.93 1.02 0.43
22 0.27 0.62 0.25 49 1.24 1.54 1.19
23 0.24 0.28 | 0.08 5 | 1.76 0.76 0.39
24 0.68 0.67 0.21 51 6.20 — 1.12
25 - 0.05 | — 52 - — —
26 1.45 5.46 | 13.63 53 1.13 0.49 0.15
27 0.30 0.46 ‘ 0.06 54 0.07 ! 0.08 —

Table 6. HC composition of premium gasolines(FID gas chromatogram with squalane capillary column)

peak ‘ % of weight peak % of weight

No : Yu Kong I Ho Nam l Kyung In ‘ No "~ Yu Kong 1 Ho Nam { Kyung In
1 0.49 0.42 0.28 | 28 0.59 | 0.60 | 0.53
2 1.95 2.0l | 1.09 29 | 0.33 | 0.35 | 0.26
3 3.58 L16 4.70 R 0.11 | 0.11 0.03
4 3.00 1.80 5.06 | 31| 1.07 | 100 | 0.82
5 0.99 0.95 | 057 32 1 003 0.02 0.02
6 8.3 8.78 | 6.60 33 | 0.03 0.03 -
7 5.29 5.56 | 4.52 4 | 062 | 071 052
8 6.72 7.09 6.22 35 0.03 | 0.02 -
9 0.39 0.02 | 0.22 36 0.03 0.02 -
10 1.82 L84 | 4.23 37 0.53 | 0.49 4.45
11 ol 0.53 | - 38 040 | 040 0.4l

HWAHAK KONGHAK Vol. 20, Nc. £ October 1882
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12 0.88 0.60 - 39 1.46 1.57 15.31
13 0.32 0.35 0.26 10 0.10 0.01 —
14 0.23 0.24 0.09 41 0. 06 0.07 -
15 2.66 2.89 3.07 | 42 0. 07 0.09 —
16 1.21 1.30 1.36 | 43 3.59 3.81 4.69
17 3.53 3.84 4.13 44 0.87 0.94 0.17
18 0.27 0.29 0.24 45 0.01 0.13 —
19 0.74 0.35 0. 44 16 3.82 4.17 0.27
20 2.62 2.78 2.91 . 47 12.42 13.26 1.29
21 0.11 0.11 0.08 48 5. 00 5.59 0.92
22 0.18 0.18 0.09 49 3.24 3.54 0.38
23 0.13 0.13 0.13 50 5. 06 5.05 0.69
24 0.40 0.33 | 0.34 51 9.46 10.04 2.26
25 - 0.01 | - 52 — 0.02 —
26 : 1.10 1.20 20. 39 53 1.44 1.54 0.36
27 ! 0.21 0.20 0.12 54 0.92 0.10 -
M
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- Fig. 6. Gas Chromatogram of regular and premium gasoline(Kyung In)
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"Table 7. Hydrocarbon type composition of test fules
(wt%)

HC Gasoline Yu KongJHo Nam} ﬁyung

o] Ji = WFgFekidd ko] A Aol st
A ¢ 4 Y 2EILHFY AuEes)
& o wakSerslet ek S Fe = 68.3:
31.7, 2EFEfel A= 44.7:54.30]}

- ParaffuTe | 69.80 | 70.16 1 R
Aromatic | 47| 30| %92 goyse ase, 2458604045 50.5
Paraffine | 44.03 | 42.87| 47.26 £ 49.5 o]t}

e omatic | 54.80 | 56.93 | 52.61
o Mo ek -4 Eisi20] FHYEY
Super| X3 | Power  HWAE A £F, Az Aolo]
Paraffine | 62.7 | s6.65| 56.33 s =4ol Heptmz REAmd @E =2z
Red I romatic 35.75 | 42.35 j 42.95  CFEIZAS #lae] g ez EgEN 4
% LEIPS JE-NE
Paraffine 55.68 | 44.55 | 51.28 RASCIC EA9E 3 eld
“Prem. - ob-&8] e FLdE B o]AAst gojna
Aromatic M.14] 5384|807 Lo 6oy e oA E Yo T Qop el
Table 8, Hydrocarbon components of gasolines by mass chromatogram
Peak No Regular we | fleemas | gy,
2 n-Butane 58 41, 43,58 P
3 i-Pentane 72 42,43,57 P
4 n-Pentane 72 41, 42, 43 P
6 2-Methly Pentane 86 42,43,71 P
7 3-Methyl Pentane 86 41, 56, 57 P
8 n-Hexane 86 41, 43,57 P
*10 Benzene 78 51,77,78 A
15 i-Heptane 100 42,43,85 P
16 2, 3-Dimethyl Pentane 100 43,56, 57 P
17 3-Methyl Hexane 100 43,57,71 P
20 n-Heptane 100 41,43,71 P
*26 Toluene 92 91,92 A
27 2,3-Dimethy]l Hexane 114 43,70,71 P
29 4-Methyl Heptane 114 43,70,71 P
31 3-Methyl Heptane 114 43,57,85 P
34 3,3-Dimethyl Hexane 114 43,57,85 P
*37 Ethyl Benzene 106 91, 106 A
*39 m,p-Xylene 106 91, 105, 106 A
*43 o-Xylene 106 91, 105, 106 A
*44 1-Methyl-4-Ethyl Benzene 120 91, 105, 120 A
45 4-Ethyl Heptane 128 43,57, 85 P
*47 1-Methyl-3-Ethyl Benzene 120 91, 105, 120 A
*49 1-Methyl-2-Ethyl Benzene 120 91, 105, 120 A
*50 1,3, 5-Trimethyl Benzene 120 105, 119, 120 A
*51 1,2, 4-Trimethyl Benzene 120 105, 119, 120 A
*53 1,2, 3-Trimethyl_Benzene 120 105, 119, 120 A

HWAHAK KONGHAK Vol. 20, No. 5, October 1982
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*34 t 1, 4-Diethyl Benzene

*35 | 1-Methyl-2-n-Propyl Benzene
*37 . 1-Methyl-4-n-Propyl Benzene
*58 i 1,4-Dimetyl-2-Ethyl Benzene
*59 - 1, 2-Demetyl-3-Ethy] Benzene

R
| 134 105,119,13¢ [ A
134 105, 134 A
134 | 105, 134 A
134 | 119,120, 134 LA
134 | 77, 119, 134 I A

* Component which has greater percentage in premium gasoline than regular gasoline

P . Paraffine A : Aromatic

Fig. 7. Gas Chromatogram of solvent

Ee A $xlo]& =& Eibo] & (fragmention)
o] eleAEY ]2 AL HoBNE A
g AYRAE A48 & dTdAE GC-

=2
MS 52 2 shgl ok

Table 8 & Fig. 48] Aers ey $ A3}
q = %‘01&1 qust £ o] ed FY FAT
Aolct, Table 864 = ukFekslei M58

(CiHi), M'72(CsHi2), M'86(CsHu), M*100
(C:His), M~*114(CsHis), M*128(CoHzo) B JE}
o gz wapEuisiead 4 M78(CoHs, L
), M 92(C/Hs, &7, M*106(CsHio, I 4
gl %ol ehlz ¢l th,

z4< C4~C77I~°] z]aélé J__;}__)';ﬁr:
¢ *ﬁ 4-a15r ] wlske] Ce~Caztd]
whaEZEersl4 4, 53] benzene, ethyl
xylene o O-xyleneo] glo] &4

toluene,

benzene, m,p

23T E ®20H A 535 16524 10H

2= ConCrc.
it (Table:

g 2 Aol F T F gk
7r8] wrgFEelslpgd A B Abe] 7t
5~6 FHF).

3-5. RAtglYR2 M

A%l Bgdez £5H L e FARER-
£ AHE BHon mARA-dd T GCEA
Y& 7 Babgich

Table 9. B.T.X. in the various solvent(vol%)

SMI Benzgne Toluene ! Xylene

A 0.53 9.4 1.44
B 0.63 8.56 1.43
Cc 1.03 5.14 1.73
D 1.23 4.39 4.50
E 0.51 10.76 ! 1.28
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Fig. 8. Gas Chromatogram of the mixed gasoline with solvent
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Table 10. HC compeosition of gasoline with solvent
(FID gas chromatogram with squalane capillary column)
i ine : Solvent 1 Gasoline : Solvent
Peak  premium } Gasol ne: So l Soggf;t - peak No | premium ( Sg}l\lr}e;nt
No 910 | 75:25 ; ] 90:10 | 75:25 |
1 0.41 | 6.87 0.56 | 0.34 29 [ 1‘
B 1.95 2.73 2.27 0.07 | 30 |
3 358 1.4 544 146 | 31 .07 | Lod | 118 0.79
4 - 3.00 4.42 6.37 17.96 32 :
5 0.99 6.5 0.95 0. 62 33 :
6 . 834 37 9.03 10. 68 34 0.62 . 0.85 1.23 3.38
7 529 549 5.59 6.52 35 | :
& | 529, .3 8.33 ' 1474 36 ;
9 1 67| 37 0.53  0.55 | 0.66 £.95
1 L8| 1% 2.51 3.01 38 5 1
uo ! 39 146 1.2 118 | ¢4
12 40
13 . 41
14 42
13 2.66 253 114 1.70 43 3.59 3.29 3.05 0.04
16 121 1,13 3.34 0.85 44 0.87 77 . 0.66 0.25
17 5.53 3.33 0.9 211 45
13 i 46 3.82 3.38 2.84 0.38
19 j 47 12.42 10.44 9.43 0.58
20 LN 77315 0.05 43 5.00 5.23 4.70 0.09
21 i 49 3.24 2.83 2.01 | 0.07
22 | A 5 | 506 431  3.03 | 0.3
23 q 51 9. 45 8.52 7.66 1.95
24 | 52 |
25 | { ; 53 1.44 1.36 152 | 0.27
26 L L0 L1zl 1o 1.10 54
27 \ 55 |
28 . 0.59 0. 64 0.72 1.12 56 4
2 | | |
T 5 s AW A3 459 shdged 2424 S
Table 100 A ArFHelsieis3d2 SAE & T d3te ol 2k
o] RIE +F S e e, 49F u
Spatd et grh Feold2 4948 & -1 FAHESE 2 T8 a@Algle] =Ze
AR v Fe] B4 244 Z1ddE A7 oldl vleaw A"e] 4% #4bstch, zelv REF
T 5 otk #a--f¢} wjasled Cs pentane o]-&}sq AR
; Cool AFe] Wk AElelq & AolE & 5 o

1.3 B FocldE g AR Al g
= welae
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