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Method for Analysing the Composition
of Marine Diesel Fuel

Shin-ichi Morishita™* and Toshihiro Oyagi™?

We devised a simple method to analyze the composition of marine diesel fuel (MDF) in a
ship. This method is useful for fuel management and the maintenance of the engine. The
compositions of 26 kinds of MDF were calculated by an experimental equation which was
based on the experimental results. It was necessary to measure several physical properties of
saturated and aromatic hydrocarbons separated from MDF by aniline. When the compositions
of this experiment were compared in value to those measured by column chromatography, the

greatest difference in value was: saturated hydrocarbons were 6.8wt%; monoaromatics were
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5.7wt%; polyaromatics were 2.9wt%.
greatest difference was 0.76wt%.
the accuracy of the experiment.

ful in clarifying the composition of MDF.
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When the same comparision was applied to wax, the
These values were within an acceptable range, considering
So this experimental method on a ship was practical and use-
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Fig. 1. Analytical procedure.

ZZUZ, Ar=Ar+Ar; BRI OFERY O& (Wi %)
N(Ar) : 3Bl DO EIRS OEER
N(M) : BERRDEER
N (Sa) : BRI DATFIT DIEHTER
Ary D BERFERIOE (wt%)
Ary I GBRFERIDE (wi%)

2.2 sAOTRTSTa—

FEHBRP AECHBES N2, FAZ7av b5
T4— (FrRzua) thrssruvibrs74— (HF4
70w b)) THOW LTz FOEMBIZRD LD THb, HA
7O TIEA S 4 LHEHIERIZ HR-1 (OV-14H) TFID %,
F ) T=HRIIEBRETH, 70T 5300T £ TI6T
/min CHE LI # T L2702 TRRYYA - TLVIF%
FEHERI & F 5 Hirsch S5OFEY %, LEBORBBISEST
59 —EBEY LTHG 2 BEERIE n-~FH v ey
B THb,

2.3 [RirsE

SENEC A & N B RG DIEITERIR T v ~NEITECHE
E L7 HEIZF P LDDETH D, EBIRILEED
BERZITA20, BIEIF20T TITo7%



MR T 4 — CVIREREH R D 3T 203

2.4 SBREFEHEORE

MDF DG %47 12575 C, UTOEFHEBROKER
P ORI EHEEDT,
RIECHEEENERA 2 T A OIZE s TRAET A7
o, F—3EWME ST 570 FTEERS & F—4&tt
THML, HAR7O< b7 5 L% LELLT:, Fig 212No4
DOF AT b T LETT

Original

Saturated

Cyclohexyl
y 4 hydrocarbons
24

benzene

Polyaromatic hydrocarbons

1
0 5 10 15 20

Retention time (min)

Fig. 2. Gaschromatograms of three fractions separated
from sample no.4 by column chromatography.®
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Fig. 3. Tendency of soluble fraction in aniline
and aniline point, by repeatedly exchanging
aniline and using the same samples.
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Fig. 4. Gaschromatogram of saturated hydrocar-
bon separated from sample no.4 by aniline.
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Fig. 5. Relationship between test temperature
and content of wax precipitated from satu-
rated hydrocarbon in samples.®
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Table 1. Test conditions for determination of precipitated wax in marine diesel fuel®

Smaple size

Solvent for sample

Test temperature

Cooling time

Filter type (Pore size)

Washing solvent

Pressure and suction time on filtration

Drying conditions

1y
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1 —20C

- 30min

:PTFE (0.8 #m)

: MEK 20m¢

. 200mmH20 for 30min

: 60min at 100C in thermostat
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Fig. 6. Gaschromatogram of wax precipitated
from saturated hydrocarbon in sample no.4.

S5 0r Wax=6.761-0.3254(C-S)
©
[$]
s 15f
@
£
kel
[ 10
=]
©
3
g 5
(o]
|_.
1 ] 1 1 1
0 0 1 2 3 4 5

Precipitated wax (wt%)

Fig. 7. Relationship between precipitated wax
and temperature differenec, as between cloud
point and solidifing point.?
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Table 2. Refractive index of hydrocarbons in marine
diesel fuels classified by column chromatography‘l)

Refractive index (nﬁ’)
Sample no. Sa Ar; Arz
1 1.4499 1.5322 1.5968
5 1.4511 1.5338 1.5945
7 1.4512 1.5256 1.5952
9 1.4458 1.5356 1.6028
10 1.4493 1.5291 1.5978
11 1.4525 1.5326 1.6062
12 1.4508 1.5346 1.6015
14 1.4502 1.5273 1.6019
19 1.4536 1.5375 1.5971
23 1.4466 1.5232 1.6052
24 1.4489 1.5267 1.6098

Sa: Saturated hydrocarbons.
Ary: Monoaromatic hydrocarbons.
Ar,: Polyaromatic hydrocarbons.
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Table 3. Experimental results

Sample no. | Density [Kinematic| Pour point |Cetane| Refractiv Components wt% Distillation Port
viscosity index | index characteristics
15C [su50t| € n2 s Ar Wax | b (o) 50%(2)
Pa Na Ary  Ary | Wt%

1 0.8640 | 3.61 2.5 | 54.2|1.4850| 492 115 281 11.2| 351 | 183 306 |Penang
2 0.8560 | 3.85 | —12.5 | 49.8 | 1.4790 | 32,5 255 36.0 6.0 | 1.88 | 185 280 |Honolulu
3 0.8536 | 3.08 | — 2.5 | 534 |1.4783| 481 183 262 7.4 | 1.88 | 177 284 |Belem
4 0.8896 | 3.82 0.0 | 41.8 | 1.5014 | 23.7 283 323 157|269 | 191 299 |Fremantle
5 0.8643 | 4.55 0.0 | 55.0 | 1.4841 | 59.3 44 259 104 | 5.13 | 218 313 |Penang
6 0.8460 | 3.51 | — 5.0 | 58.0 | 1.4758 | 56.7 13.1 233 6.8 | 269 | 178 296 |Auckland
7 0.8585 | 3.58 | —17.5 | 53.6 | 1.4806 | 47.2 156 281 88 | 1.07 | 191 285 |Honolulu
8 0.8563 | 3.59 0.0 | 524 | 1.4796 | 442 185 321 52 | 269 | 189 290 |Penang
9 0.8566 | 3.34 25| 51.8 {14803 | 42.2 19.8 255 125|513 | 184 288 |Fremantle
10 0.8506 | 3.62 25| 564 | 14781 | 564 115 233 88 | 351 | 192 297 |[Singapore
11 0.8636 | 4.52 75 | 547 | 14862 | 56.4 7.0 234 132 | 432 | 205 311 |Singapore
12 0.8627 | 4.72 0.0 | 52.8 | 1.4826 | 454 177 269 10.0 | 2.69 | 219 302 |Penang
13 0.8443 | 3.15 | — 75 | 529 | 1.4742 | 453 214 263 7.0 | 1.88 | 178 274 |Fremantle
14 0.8573 | 469 | —12,5 | 57.3 | 1.4802 | 63.5 48 21.0 10.7 | 2.69 | 217 311 |Singapore
15 0.8487 | 3.24 50 | 54.7 | 14776 | 50.6 127 31.1 56 | 513 | 179 287 |Penang
16 0.8644 | 422 | — 5.0 | 50.1 | 1.4842 | 353 256 29.2 99 | 1.88 | 215 294 |Penang
17 0.8483 | 3.23 0.0 | 55.6 | 1.4754 | 553 175 21.2 6.0 | 432 | 184 290 |Fremantle
18 0.8665 | 5.18 50 | 52.2 | 1.4858 | 50.7 128 27.6 89 | 3,51 | 240 308 |Penang
19 0.8653 | 3.89 | — 5.0 | 509 | 1.4867 | 45.3 151 26.2 134 | 1.88 | 207 295 |Fremantle
20 0.8654 | 3.70 | —12.5 | 514 | 1.4871| 381 21.1 317 9.1 | 2.69 | 181 298 |Penang
21 0.8313 | 409 | — 50 | 64.1 | 1.4650| 72.1 53 145 81 | 351 | 205 295 |Auckland
22 0.8557 | 403 | — 7.5 | 534 | 1.4798 | 506 156 263 7.5 | 1.88 | 236 293 |Honolulu
23 0.8507 | 3.73 50 | 549 | 14759 | 57.3 135 193 9.9 | 432 | 195 291 |Penang
24 0.8585| 3.31 | — 25 | 526 | 1.4806 | 382 289 21.0 119 | 351 | 196 294 |Fremantle
25 0.8501 | 4.54 251592 |14756 | 643 7.1 189 9.7 | 432 | 188 297 |Penang
26 0.8430 | 2.75 0.0 | 56.8 | 1.4730| 48.7 173 288 52 | 432 | 188 266 |Cairns

The symbol is the same table 2.
Na: Naphthene hydrocarbons.
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Table 4. Precision of determination of hydrocarbons in

Table 5. Difference in method of measurement for hydro-

marine diesel fuels® carbons
(wt %) (wt%)

No. Samples By column chromatography Difference®

9 16 21 Sampleno. | Sa Ary Ary Sa Ary Ar,
Sa Ar Sa Ar Sa Ar
1 65.3 24.2 10.5 4.6 3.9 0.7
1 61.5 38.5 60.9 39.1 78.5 21.5 5 66.7 24.3 9.0 3.0 1.6 1.4
2 61.8 38.2 59.1 40.9 77.7 22.3 7 69.3 22.4 8.4 6.2 5.7 0.4
3 62.8 37.2 60.7 39.3 76.2 23.8 9 68.0 22.4 9.6 5.0 2.4 2.6
4 63.2 36.8 62.1 37.9 77.7 22.3 10 70.7  20.8 8.5 2.8 2.5 0.3
5 60.5 39.5 61.6 38.4 76.8 23.2 11 67.4 21.8 10.8 4.0 1.6 2.4
12 67.9 23.3 8.8 4.8 3.6 1.2
Average | 62.0 38.0 60.9 39.1 77.4 22.6 14 71.5 18.5 10.0 3.2 2.5 0.7
c(X)| 1.08 1.08 1.14 1.14 0.89 0.89 19 67.2 22.3 10.5 6.8 3.9 2.9
evi(%)| 1.73 2.83 1.88 2.92 1.15 3.9 23 73.0 17.7 9.3 2.2 1.6 0.6
- 24 70.3 18.9 10.8 3.2 2.1 1.1
The symbol is the same table 2.

Ar: Aromatic hydrocarbons. 25 71.9 175 10.6 0.5 1.4 0.9
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Table 6. Difference in method of measurement for wax

(wt%)
Sample no. By filtration Difference®

1 3.4 0.11
2 1.12 0.76
3 2.39 0.51
4 2.28 0.41
5 5.15 0.02
6 2.9 0.21
7 1.06 0.01
8 2.8 0.11
9 4.76 0.37
10 3.67 0.16
11 3.88 0.44
12 2.25 0.44
13 2.02 0.14
14 2.75 0.06
15 5.13 0

16 1.86 0.02
17 4.91 0.59
18 3.7 0.19
19 2.32 0.44
20 2.55 0.14
21 3.38 0.13
22 1.95 0.07
23 4.66 0.34
24 3.19 0.32
25 4.91 0.59
26 4.07 0.25

a): As compared with the components of table 3.

ThY, 0L EOEMEIIL. 12wt % TH D, =% JISP
D7 v o AEEIED BAWEE L LB L &, JIS Tiz
BEMREEHO RV E2.5W%BIZBITABHEEREZD
1.6wt%a%64% 12247562 05, FETEHEHBFICH S
= -3

3.2 ER#EHEAE

AEDSEF T X AIMFEIZFEZIMO MDF Th b, MHikix
BEEBRE RO BIH 7o TER L7EETH B, U

AEERCHWEEA1TTCLUE, FEIRETIZ.4734251.501
DEFHTH 5,

3.3 =R

BV CHEA L 72267845 D MDF DEH AL MIIERE 7
T, NTA, F=ALTUTTHY, WL BHERDE
WEBER I V25CEWREIEICRA L, YU R-LR
NIV EREET VT ORI T 0 CLLEDS AT
[ LR DT A OBERIEL —7.5CUTTH B, Zh
R AL —A U T INEWVEZRLTWS, £
7o, ZERMHRCHAMEICR O N A EEZER, WEAT
63T, S0%EHIRET3ICHY), MDF 2" EHELIRTHDH
ERIRT . T4 — ENBRERH OB O LB HEH &b
& Ui LM E DBIR T Fig 8 IIR T, 268D
FERT D EIIMEDERRRT &, SaFoLniistsy v
BEATE L, BPTEINTT 4 VSR ESEELTY
BEFHREDOI B, EREFESOEEEIIS20H
13.4wt% THhH 575, ty AL ORICHR 2R E RV
YAy R A/ Y A

100

80

D
(=]

Component (wt%)

0 =
40 50
Cetane index

Fig. 8. Components and cetane index of marine
diesel fuels.
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