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Type Analysis of Aromatics in Marine Diesel Fuel through
their Refractive Index

Shin-ichi Morishita”

A refractive index of aromatic is larger than that of any other hydrocarbon. By making
use of this fact, the present paper devises a method to classify easily aromatics in marine diesel
fuel (MDF). Thay are divided into two types according to the number of ring. One is termed
monoaromatic and the other, polyaromatic. The former is defined as a compound with only
one aromatic ring and the latter as a compound with two or more aromatic rings. The
obtained conclusions are as follows.

(1) The contents of monoaromatic and polyaromatic in 15 MDFs can estimate from an ex-
perimental equation which is derived from their refractive index and the amount of hydrocar-
bons (saturate and aromatic). The equation is

Ar;/Ar=1.443 (1.5999—N (Ar)) —20.7.
(2) The difference between the content of aromatics caluculated by the equation and the ex-
perimental results by column chromatography is 5.7wt% at the most. The difference can be
smaller if the limit of boiling point is unified in the MDF.
(3) The MDF has aromatics containing from 12.2 to 24.3wt% monoaromatics and from 6.3 to
10.8wt% polyaromatics.
(4) Tt is supported with the experimental results by column chromatography that the total of
munbers obtained from multiplying the content of hydrocarbons and their refractive index
together in the MDF is almost the same as a refractive index of the original fuel.
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Table 1. Properties of marine diesel fuels

No.| dendity |Viscosity| Distillation characteristics (C)
(15C) |(0T, cSt)| IBP 10%  50%  70%

110.8640| 3.61 188 237 309 335
210.8653| 4.82 | 209 251 298 318
310.8585| 3.58 | 216 251 298 318
410.8566| 3.34 | 184 228 288 321
510.8644| 4.22 | 215 244 294 327
6 |10.8313| 4.09 | 209 241 296 316
710.8501| 4.54 | 203 255 307 326
810.8643| 5.11 | 218 261 313 330
910.8636| 4.52 | 205 251 311 333
100.8627 | 4.77 | 219 257 302 319
11]0.8573| 5.13 | 217 255 311 337

1210.8506 | 3.62 | 192 242 297 328
1310.8580| 3.89 | 207 244 295 322
1410.8507 | 3.73 | 195 243 291 313
151 0.8585| 3.61 196 239 294 318
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Table 2. Analytical conditions for
gaschromatograph
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Fig. 1. Column chromatographic separations of
mixtures of pure hydrocarbons.
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Table 3. Analytical conditions for column
chromatograph
Column : Glass tube, 12% X600
Samples . n-Hexadecane, 70wt%
(Mixture of ~ n-Amyl benzene, 20.4wt%
pure hydro-  Fluorene, 5.2wt%
carbons) Fluoranthene, 4.4wt%
Stationary ! In the top half, Silica gel (11g)
Phase : In the bottom half, Alumina (15g)
Elute * 1st,, Pentane, 60 ml
2nd., Pentane (95vol%) +Benzene
(5vol%), 100 ml
3nd., Benzene 100ml
Cut point . 1st, 40 ml
2nd., 140 ml
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Content and refractive index of hydrocarbons in marine diesel fuels classified

Refractive index (n®’

Content
(wt%) On calculation® Difference”
No.| Sa Ar;  Arz | Original Sa An Arz X107
1165.3 24.2 10.5 | 1.4850 1.4499 1.5322 1.5968 1.4852 2
2 |67.2 22.3 10.5| 1.4867 1.4536 1.5375 1.5971 1.4874 7
3169.3 22.4 8.4 | 1.4806 1.4512 1.5256 1.5952 1.4814 8
4|68.0 224 9.6 1.4803 1.4458 1.5356 1.6028 1.4810 7
51 67.7 23.1 9.2 | 1.4842 1.4533 1.5319 1.5962 1.4846 4
6 |8.5 12.2 6.3 | 1.4650 1.4450 1.5326 1.5928 1.4650 0
7171.9 17.5 10.6 | 1.4756 1.4452 1.5250 1.6008 1.4757 1
8 |66.7 24.3 9.0 | 1.4841 1.4511 1.5338 1.5945 1.4841 0
9|67.4 21.8 10.8 | 1.4862 1.4525 1.5326 1.6062 1.4866 4
10| 67.9 23.3 8.8 | 1.4826 1.4508 1.5346 1.6015 1.4836 10
11| 71.5 18.5 10.0 | 1.4802 1.4502 1.5273 1.6019 | 1.4796 —6
121 70.7 20.8 8.5 | 1.4781 1.4493 1.5291 1.5978 1.4785 4
13| 70.5 19.3 10.2 | 1.4816 1.4518 1.5316 1.5998 1.4823 7
14 73.0 17.7 9.3 | 1.4759 1.4466 1.5232 1.6052 1.4749 —10
15| 70.3 18.9 10.8 | 1.4806 1.4489 1.5267 1.6098 1.4810 4

Sa: Saturates, Ar;: Monoaromatics, Arz: Polyaromatics.

a) : The total of all these numbers multiplied content of each hydrocarbons by the refractive index.

b) : Original-On calculation.
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Fig. 2. Gas chromatograms of three fractions separated from sample No. 2 by col-

umn chromatography.
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Table 5. The effect of the method for analysis on 7= vikE Iz,
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Table 6. Content of hydrocarbons in marine diesel fuel calculated according to the experimental
equation and the difference in content between this table and table 4
By aniline ) . b)
On calculation Difference
Content Refractive index
(wt%) (®) (wt%)
No. Sa Ar Original Sa Ary Ar, Arn Ar,
1 60.7 39.3 1.4850 1.4520 28.1 11.2 3.9 0.7
2 60.4 39.6 1.4867 1.4519 26.2 13.4 3.9 2.9
3 63.1 36.9 1.4806 1.4501 28.1 8.8 5.7 0.4
4 63.0 37.0 1.4803 1.4458 24.8 12.2 2.4 2.6
5 62.2 37.8 1.4842 1.4541 28.3 9.5 5.2 0.3
6 80.2 19.8 1.4650 1.4462 12.7 7.1 0.5 0.8
7 71.4 28.6 1.4756 1.4499 18.9 9.7 1.4 —0.9
8 63.7 36.3 1.4841 1.4545 25.9 10.4 1.6 1.4
9 63.4 36.6 1.4862 1.4544 23.4 13.2 1.6 2.4
10 63.1 36.9 1.4826 1.4519 26.9 10.0 3.6 1.2
11 68.3 31.7 1.4802 1.4526 21.0 10.7 2.5 0.7
12 67.9 32.1 1.4781 1.4511 23.3 8.8 2.5 0.3
13 68.2 31.8 1.4816 1.4553 21.8 10.0 2.5 0.2
14 70.8 29.2 1.4759 1.4496 19.3 9.9 1.6 0.6
15 67.1 32.9 1.4806 1.4508 21.0 11.9 2.1 1.1

The symbol is the same Table 4.
a) : Experimental equation: Ar;/Ar=1443(1.5999—N(Ar)) —20.7,

Ar: Monoaromatics, Ar: Aromatics, N (Ar) : Refractive index of the aromatics.
b) : As compared with the content of Table 4.
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Table 7. Content and refractive index of hydrocarbons in marine diesel fuel 220—320C distillate clas-
sified by column chromatography, and the value of both aromatics calculated according to the
experimental equation
By column chromatography On calculation® | Difference®
Content Refractive index (np)
(wt%) (wt%)

No.| Sa An Ar; | Original Sa An Ars Ar; Ar, Ar;
1 71.1  19.3 9.6 1.4749 1.4450 1.5228 1.5928 19.4 9.5 0.1
.2 | 68.3 22.2 9.5 | 1.4785 1.4471 1.5259 1.5963 | 22.3 9.4 0.1
3 70.5 22.9 6.6 1.4770 1.4504 1.5238 1.5944 23.1 6.4 0.2
4 70.4 21.8 7.8 1.4739 1.4446 1.5282 1.5978 21.9 7.7 0.1
5 | 69.1 22.4 8.5 | 1.4793 1.4502 1.5288 1.5936 | 22.6 8.3 0.2
6 82.3 12.1 5.6 1.4616 1.4432 1.5235 1.5926 12.2 5.5 0.1
7 75.4 16.8 7.8 1.4690 1.4434 1.5231 1.5964 16.9 7.7 0.1
8 | 67.8 23.8 8.4 | 1.4789 1.4483 1.5285 1.5917 | 24.0 8.3 0.2

9 | 69.3 21.1 9.6 | 1.4775 1.4466 1.5278 1.5976 | 21.1 9.6 0
10 | 68.9 22.5 8.6 | 1.4774 1.4471 1.5272 1.5966 | 22.6 8.5 0.1
11| 74.3 16.8 8.9 1.4731 1.4465 1.5238 1.5973 16.7 9.0 —0.1

12| 74.0 18.6 7.4 | 1.4720 1.4462 1.5253 1.5952 | 18.6 0 0
131 72.4 20.7 6.9 | 1.4745 1.4486 1.5283 1.5954 | 20.9 6.7 0.2
14 | 75.0 16.7 8.3 | 1.4692 1.4428 1.5230 1.5968 | 16.8 8.2 0.1
15 | 74.4 17.8 7.8 1.4708 1.4445 1.5233 1.5971 17.6 8.0 —0.2

The symbols is the same Table 4.

a) : Experimental equation: Ar;/Ar=1431(1.5954—N(Ar))—20.7,
Ar: : Monoaromatics, Ar: Aromatics, N(Ar) : Refractive index of aromatics.

b) : Content-On calculation.
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