Quantitative Analysis of Aromatic Hydrocarbons in Motor Gasolines
by Capillary Gas Chromatography

Katsumi MIZUKI, Akira ECHIZEN, Satoko SATO
Yokohama Customs Laboratory,
1-1, Kaigandori, Naka-ku, Yokohama-shi, 231 Japan

A capillary gas chromatographic method for aromatic hydrocarbons in mixed thinner,
naphthas, regular motor gasolines and alkylate was described.

The analysis were carried out by nitrogen and carrier gas was used at a inlet pressure
of 1.5kg/cm? (capillary column flow 0.91 ml/min) and with a split injection mode with a
split ratio 80 1 (average linear rate 20 cm/sec).

The capillary column used were Shimadzu Hicap-CBP-1 (equivalent to OV-101).

The relative retention value was used to characterize peak position of aromatic
hydrocarbons in the gas chromatograms.

It was found that motor gasoline was a blend of several components, each giving one or
more important properties to the finished fuel.

These blending components were mixed thinner, cracked distillate, reformed distillate,
alkylate, etc.

1975

1

50

2)3)4)5)

231 1 1

163



164

27 1987
u
tM Sec
6) L
ov
No 23
Table 1
Table 1 Operational conditions Table 2

Instrument  Shimadzu GC-9A gas chromatograph, ) ) ) )

equipped with an SPL-G9, split/splitless sample Table 2 The relationship of flow rate in sprit flow

injection and chromatopac C-R3A line and flow rate in capillary column
Capillary column Shimadzu HiCap-CBP-1 (equivalent | tnbei Aversgs | Capifiary $aiit flow | i B

to OV-101), 0.2mm ID x 50 m, 0.25 p m in | ey | Mo | ognOIm oy

thick-ness | hgiem®) | (emfe) | (el o) (idimin} ! "
Capillary temperature 40°C (4min)-210°C at 4°C/min E i . : : *: :z |

i | 1% .33 1
Flow rate in split flow line  25-132 ml/min = i 087 ' 83 1001
Carrier gas: N2 1 10 9.90 FT so:l |
Inlet Pressure of carrier gas 1.0-2.0kg/cm? [ 13 | 0 ol b Bl L
Injection port temperature 230 ¥ - Bl | e iy
| 3.0 | 3T £33 ] + 2= |

Detector FID, Range 10t a0 29 | L] | i B
Split ratio:50:1 100 1,H2 0.6kg cm?2 | 2o

27 133 | Bl | few

Air 0.5kg cm?

Coimmn ovan a5 &0 °C

50 1 80 1 100 1

80 1
80 1
L 1.0 2.0kg cm?
M Fig 1
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Fig. 1 Gas chromatograms of standard aromatic hydrocarbon mixture separated capillary column.
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1.0kg/cm, B 1.5kg/cm, C  2.0kg/cm(split ratio 80 1)

benzene 2 toluene 3 ethylbenzene 4 - p-xylene 5 o-xylene
iso-propyl benzene 7 n-propyl benzene 8 1-methyl-3-ethyl benzene
1-methyl-4-ethyl benzene 10 1,3,-trilnethyl benzene 11 1,24-trilmethyl benzene
isobutyl benzene 13 1-methyl-3-isopropyl benzene

1, 2, 3-trilmethyl benzene 15 indene 16 1 3-diethyl benzene

n-butyl benzene 18 indane 19 1-methyl-2-n-propyl benzene

1, 3-dimethyl-5-ethyl benzene 21 1, 4-dimethyl-2-ethyl benzene

1, 2, 3, 5-tetramethyl benzene 23 1, 2, 3, 4-tetramethyl benzene
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1.0kg cm?
13cm  sec
2.0kg cm?
27cm  sec
15kg cm? 20cm  sec
Table 3

Table 3 Qualitative data calculated from retantion

times of aromatic hydrocarbons

27

1987

Table 4 Qualitative data calculated from relative

retention value of aromatic hydrocarbons

Prisadiife Hl:;lm: h'lllt"r'l' E::rn:
 aramatie v i niey | (033 [t Choy
L. Benzeme te7L | sae| 63
2. Toluene I 3% | 12,35 | 1000
3. Eihsl henzen# 3130 i 174 | 1424
4, m, p-Kyluna 31.71 | 1727 | 14.76
£, eXylene TEEA | R34 | 1579
&, tso-Fropyl beiizene 14,560 | 19.5]1 | 1828
7. mFropyl Denrens Ah.0sE | 21,39 | IR.TY
&, 1-Muthydd-ethyl bunzene| 2642 | 21,77 | 19.0%
§. §-Methyl-d-ethyl hun.ltnt' 3643 | 3187 | 19.0%
10 135 Trimethy] benzens | 26821 | 22,15 | §19.47
1. 12 4-Teimethyl benzene I| 28,10 | 253K | 30,65
13, iwxButyl banzenn 28.B% | T4.13 | 21.38
13 -Methyl-3-isopropy] 2054 | 24,73 | 2198
heneeme
14, 1,2.3-Trmmethyl henrens i9.68 | T4.92 | 22.17
LE. Indene ANEG | IS0 | 3240
1€, 1,3-Disthy] banzune H.4E | 1550 | ¥32.7H
17, m-Hutyl benzene 3084 | 2604 | 2237
18. iIndans J0.23 | 2640 | 3553
18, i-Methyl-2-a-progyl J0.97 | 3691 | 34,110
heneemne
2 b S-Disssthyhd-wihyl 3334 | 379w | 14889
heEnzene
T1. ¥ A-Dimathyl-2-siby] 32,94 | 2748 | 24,88
henzeng
Ti. 13,3 5-Tetramedhyl 34,35 | 3949 | 16,54
benzemi
23 13,534 Terrasetiyl 35.E5 | 30.B3 | 27.93
EsmEnng

Freiois I:,lnh'.‘ﬂ:' ':hfl'tmt :ﬁ“:
Aromatic earbons aplit ratiop | (bl ({0950 | (R0EEL
1. Benmmne @479 | 0&1s | 372
2. Tolwans 0665 | D6LE | 05T
3. Ethyl beadene G 5h6 | B.R4Y | 0816
4, m, pEylena &R | O.BGE | 0.8E4
. -Xylen= %33 | 021 | OLOE3 |
. dss-Fropyl banzene | i.pon | poono | 100 |
T T-Frogyl hanzene . L3 | 1074 | 1.0E3 ;
E. 1-Methyl-S-eihyl beacens | LOTH | 1093 | 1008 |
2. I-Marhyl-#-sthy] bameene | 1,083 | 1099 | 10010
10, 0,2 %Trimethy| beagene | L0802 | 50132 | 1.1268
11, 1,3, 5Tmmeithy| beszene L-1%8 | 1074 | 1,19F
12, beeBHuryl bedgens LAT8 | 1302 | 1.237
I3 §-Mal h:l-l-h-l:lpﬂ:-]'lﬂ 1,206 | 1243 | 1.27T9
14, 1.3, 3-Tomeky] bengene | 1.21F | 1252 | 1.FRE
14, Inden 1233 | 1.37) | 1.302
18 1;3Disthiy] banzens 1.345 | 1.286 | 1,918
i7. n-Buiyl henzeme 1.25% | 1.3%E 1 §.347
18, insfam 1273 | 1,336 L-B68
19, L=bieilwl 2-nprogyl 1:397 § 1.35% i E-395
henzema
I0. 1. -Deimethyl-S-etbyl 1.31& | 1.376 | L. 433
henzénd
11. 1 A-Dimsthyl-2-echyl 1530 | 1,350 | 438
hanzéne
2. 1,2,3,5-Tetramsethyi 1.402 | 1477 | 1453
henzena
13, 1,2,3,4- Terramethyl 1.463 | 1,548 | 1818 |
bEnzan= |:

Table 3
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15kg cm? 80 1

20cm  sec Fig. 2 Table 5
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Fig. 2 Gas chromatogram of mixed thinner  (1.5kg/cm?, split ratio 80 1)
1 benzene 2 toluene 3 ethylbenzene 4 m- p-xylene 5 o-xylene
6 iso-propyl benzene 7 n-propyl benzene 8 1-methyl-3-ethyl benzene
9 1-methyl-4-ethyl benzene 10 1, 3, 5-trimethyl benzene 11 1, 2, 4-trimethyl benzene
12 isobutyl benzene 13 1-methyl-3-isopropyl benzene
14 1,2, 3-trimethyl benzene 15 indene 16 1, 3-diethyl benzene
17 n-butylbenzene 18 indane 19 1-methyl-2-n-propyl benzene
20 1, 3-dimethyl-5-ethyl benzene 21 1, 4-dimethyl-2-ethyl benzene
22 1,2, 3, 5-tetramethyl benzene 23 1, 2, 3, 4-tetramethyl benzene
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Table 5 Quantitative data for mixed thinner
mmple | sampls | mmpls |
KIT? I'TI'F 1
nTea I| Kores | Koeea_ | 50
Mgl e By droeerhorns ] % ]
L. Henbens | .00 462 4.10
2. Toluana a%,03 | IR.FR | 2F.23
3. Ethyl benzens 252 .01 T.80
4. m, p-Xylens 1740 | 184K | 1885
5. o-Xyleps 5.13 546 5.594
. iso- Propyl hensene I (TS 0.1kE .33
7. mFropyl benzeme 0Ee | old | 03I
B. 1-Methyl-3-sihyl benesns | D.51 | ©u60 142 Fig.3 Table 6
g, 1-Methyl-2e1by] banoena 0.11 0,24 n.5K
ID: 13 4-Tremed byl hanzens 1.25 131 433
11, oither i | 520 | 246
Tetal £T.H4 | 6904 | TO.05

¥ ]

}u I-'f 11
12 44" 3 33 13
- E N I S SR R
in 18
4 B 12 16 20 a4 18 n 36 Ty eimin
Fig. 3 Gas chromatogram of reformed naphtha (1.5kg/cm2  split ratio 80 1)
1 benzene 2 toluene 3 ethyl benzene -, p-xylene 5 o-xylene

6 iso-propyl benzene 7 n-propyl benzene 8 1-methyl-3-ethyl benzene

9 -methyl-4-ethyl benzene 10 1, 3, 5-trimethyl benzene 11 1, 2, 4-trimethyl benzene
12 isobutyl benzene 13 1-methyl-3-isopropyl benzene

14 1,2, 3-trimethyl benzene 15 indene 16 1, 3-diethyl benzene

17 n-butyl benzene 18 indane 19 1-methyl-2-n-propyl benzene

20 1, 3-dimethyl-5-ethyl benzene 21 1, 4-dimethyl-2-ethyl benzene

22 1,2, 3, 5tetramethyl benzene 23 1, 2, 3, 4-tetramethyl benzene



Table 6 Quantitative data for reformed naphtha

Fig. 4 Gas chromatogral-n of regular unleaded gasoline (1.5kg/cm2, split ratio 80 1)

1 benzene

6 iso-propyl benzene
9 1-methyl-4-ethyl benzene

12
14
17
20
22

n-butyl benzene

isobutyl benzene

2 toluene

3 ethyl benzene
7 n-propyl benzene
10 1, 3, 5-trimethyl benzene

sampe | sample II.111|:||.E. |
e [
Singn- |Hinge- |Turkey 33 43
pore pore |
| - Ammsiic hydroenrbons (%) 1'% %
I. Benzans o = _.'Il-.BEI 690 1.0
2. Trluems 19.0E | 33,43 | 13.07
3. Eihyl benrens 3.60 3.35 S4B
a4, m,p-Kylens 16.38 | 1624 | 14951
. e-Xvlens 933 i.34 BAs
6. Bo-Peopyl benzans 0.l6 @08 LR 2.
7. ndFropyl Benbene 0,13 @18 1.454
B. 1-MechrkJ-2Ehy] bengans .80 .19 4. T3
g, 1-Mathyl-d-schyl benasna 1.6 i .00
10, 1,2 4 Trimethyl benzens I A.IE .73 T3
{11, other | 594 | 160 | T.E4
| Tulal | 4%.4% | B398 | &5,20 Fig. 4 Table 7
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4 m-,p-xylene 5 o-xylene
8 1-methyl-3-ethyl benzene

11 1, 2, 4-trimethyl benzene

13 1-methyl-3-isopropyl benzene

1, 2, 3-trimethyl benzene

15

18. indane

1, 3-dimethyl-5-ethyl benzene
1, 2, 3, 5-tetramethyl benzene

indene 16 1, 3-dlethyl benzene
19 1-methyl-2-n-propyl benzene
21 1, 4-dimethyl-2-ethyl benzene

23 1, 2, 3, 4-tetramethyl benzene
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Table 7 Quantitative data for regular unleaded
motor gasoline

! o | !

| “val [ |
U.5.A. | Sings- | LS. A

B il = |
_ﬂ,rnml.n. ||:|l|1.'IIL'||:in|:n.I':I. ':'I" %) (e
I BIII!HIE X320 3,44 5.0d
2. Tolwsns LL.A0 | §B.O03 | 14.83
3. Ethyi benzene 10| 3w | .42
4. m, p-Xviene .63 | 11.78 | 9.EX
& oeylene 342 A a5 | 394
f, iso-Fropwl hanzene nga | 005 | o
7. mFrogpyl banzeme .71 nls 0D
B. 1-Methyl-3-eiky] henzess 238 0.EY 130
B, 1-Mathyl-4-aibyl banzeons 108 | Ba7 | 6.9k
10, 1,I4-Trimedhyl benzeme | 432 | 0176 | 3.54
| 14, wthar B4 (e B.d4
Toal 4740 | 4514 | 5i.30
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Fig.5 Gas chromatogram of gasoline for motor (1.5kg/cmz, split ratio 80 1)

1 benzene 2 toluene 3 ethyl benzene

6 iso-propyl benzene 7 n-propyl benzene
9 1-methyl-4-ethyl benzene
isobutyl benzene

13 1-methyl-3-isopropyl benzene
15

indane

14
17
20
22

1, 2, 3-trimethyl benzene indene 16
18

1, 3-dimethyl-5-ethyl benzene

n-butyl benzene

1, 2, 3, 5-tetramethyl benzene

10 1, 3, 5-trimethyl benzene

4 m-,p-xylene 5 o-xylene
8 1-methyl-3-ethyl benzene

11 1, 2, 4-trimethyl benzene 12

1, 3-diethyl benzene

19 1-methyl-2-n-propyl benzene
21 1, 4-dimethyl-2-ethyl benzene
23 1, 2, 3, 4-tetramethyl benzene
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Fig. 6 Gas chromatogram of FCC gasoline (1.5kf/lcm2 split ratio 80 1)
1 benzene 2 toluene 3 ethylbenzene 4 m- p-xylene 5 o-xylene
6 iso-propyl benzene 7 n-propyl benzene 8 1-methyl-3-ethyl benzene
9 1-methyl-4-ethyl benzene 10 1, 3, 5-trimethyl benzene 11 1, 2, 4-trimethyl benzene 12 isobutyl
benzene 13 1-methyl-3-isopropyl benzene
14 1,2, 3-trimethyl benzene 15 indene 16 1, 3-diethyl benzene
17 n-butyl benzene 18 indane 19 1-methyl-2-n-propyl benzene
20 1, 3-dimethyl-5-ethyl benzene 21 1, 4-dilnethyl-2-ethyl benzene
22 1,2,3, 5tetramethyl benzene 23 1, 2, 3, 4-tetramethyl benzene
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15kg cm? 80 1 20cm
sec
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