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Content and Pyrolytic Characteristics of
Precipitated Wax in Marine Diesel Fuel

Toshihiro Oyagi*! and Shin-ichi Morishita 2

The present paper examined a method to determine the content of wax precipitated from
marine diesel fuel (MDF) and clarified pyrolytic characteristics of wax by analyzing thermal
cracking products. The material for this experiment was saturated hydrocarbons which did
not include solvent aromatic hydrocarbons removed from the MDF by aniline.
filtered through saturated hydrocarbons when was cooled to —20C in a refrigerator.
sult, the following facts were obtained: (1) cloud and solidifying points rose in the MDF with-
out aromatic hydrocarbons. The more the difference of the points became small, the more the
quantity of precipitated wax increased. The relation between the difference (T) and the
quantity (wax) could be expressed by the experimental equation: Wax =6.761 —0.3254 T; (2)
n—paraffine hydrocarbons of carbon number 20-23 were the main component of MDF; (3) when

The wax was
As are-

the wax was pyrolyzed at a temperature above 400C, unsaturated and aromatics hydrocarbons
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existed as well as low molecular saturated hydrocarbons.
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2.2.1

Table 1. Properties of samples

Sampleno.  Cp(C) Sp(C) Distillation(C)
IBP 50%
1 5 0 183 306
2 -5 —15 185 280
3 2.5 -5 177 284
4 -5 —12.5 191 299
5 5 —2.5 218 313
6 0 —7.5 178 296
7 —7.5 —20 191 285
8 5 —2.5 189 290
9 10 0 184 288
10 7.5 0 192 297
11 10 5 205 311
12 5 —2.5 219 302
13 2.5 —10 178 274
14 -5 —15 217 311
15 7.5 2.5 179 287
16 0 —7.5 215 294
17 7.5 —2.5 184 290
18 7.5 2.5 240 308
19 0 —-7.5 207 295
20 -5 —15 181 298
21 0 —-7.5 205 295
22 0 —10 236 293
23 10 2.5 195 291
24 7.5 -5 196 294
25 7.5 0 188 297
26 5 —2.5 188 286

Note: C.p; Cloud point, S.p; Solidifying point.
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Fig. 1. Equipment for collecting wax precipi-

tated from marine diesel fuel.
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Fig. 2. Relationship between test temperature
and content of wax precipitated from satu-
rated hydrocarbon in samples.

Table 2. Effect of filter type and precision of determina-
tion of precipitated wax in sample no. 1

(wt %)
Pore size of filter (£ m)

No.
3 1 0.8
1 1.87 3.08 3.28
2 2.56 2.61 3.26
3 1.21 2.1 3.65
4 2.13 2.76 3.1
5 2.55 2.33 3.71
Average 2.06 2.58 3.4
o (X) 0.56 0.38 0.27

Note : 1) Test temperature, —207C.
2) Pressure, in the air.
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Table 3. Test conditions for determination of precipitated
wax in marine diesel fuel

Sample size c1lg

Solvent for sample . MEK 10m¢

Test temperature T —20C

Cooling time : 30min

Filter type (Pore size) CPTFE (0.8 #m)
Washing solvent . MEK 20m¢

Pressure and suction time . 200mmH2O for 30min

on filtration
: 60min at 100C in ther-

mostat

Drying conditions
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Table 4. Effect of content of samples on precipitated wax

(wt%)
Sample no. Original Sa Difference
1 2.78 3.4 0.62
4 1.79 2.28 0.49
25 3.96 4.91 0.95

Note . Sa; Saturated hydrocarbons.
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Fig. 3. Gaschromatograms of sample no. 4.
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‘Table 5. Precipitated wax in marine diesel fuel and physical properties regarding it

Original Sa 2
Sample no. wax (wt%) Cp(C) $p(C) Component of wax
Rang Max.
1 3.4 12.5 2.5 15—34 23
2 1.12 10 =5 14—-31 20
3 2.39 12.5 —2.5 14—33 22
4 2.28 12.5 0 15—32 21
5 5.15 12.5 7.5 14—32 22
6 2.9 7.5 —5 1431 21
7 1.06 10 —=7.5 17—-29 21
8 2.8 12.5 0 1531 22
9 4.76 10 5 1531 22
10 3.67 12.5 2.5 14—33 21
11 3.88 12.5 5 16—32 22
12 2.25 12.5 0 17—-32 23
13 2.02 10 —5 16—30 22
14 2.75 12.5 0 16—31 22
15 5.13 10 5 17-31 23
16 1.86 10 —5 14—29 21
17 4.91 7.5 0 14—29 20
18 3.7 12.5 2.5 15—32 22
19 2.32 12.5 —2.5 15-31 22
20 2.55 12.5 0 16—31 22
21 3.38 7.5 —2.5 16—29 22
22 1.95 7.5 —7.5 15—29 20
23 4.66 12.5 2.5 15-31 23
24 3.19 10 0 15—30 20
25 4.91 12.5 5 15—-31 22
26 4.07 10 2.5 15—28 21

Note . C.p; Cloud point, S.p; Solidifying point.

a); Number of atom of carbon present in molecules of the wax.
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Fig. 4. GC-MS chromatograms of wax in sample no. 4.
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U AR E 5 THEES N Sa IR, 785 T 4 VRGO
MR DERNTF 7 7 ¥ R4 L 7 4 VRS
LCW5BDS, Ar FIZHATHERIAVNE LT v 7 ZHFHIC
B2 BEEINIVWEEZ BN, Fig 512BVT, &Y
BEBEBEDOEIVNENILET v 7 ZED S 2 BERIC
HHZEND, Ty 7 AERR/N_RECTERT L LR

BNz
Wax=6.761—0.3254T (1)
S22, Wax:MDF D7 v 7 28 (—20TIZH

175, wt%)
T:MDF 2558 L7 Sa BDEY =
LEEEOZE (T)

COEERIC I BEEERDT v 7 AB L DEDHEKRT
#Ho7-Dl%, No.2®MDF IZBIF50.76wt%THV., Zh
27 v 7 ABL. 12wt % D67.9% 275, ik JISYITE
DB v 7 AFRBEFHET, WETELRERNT v 7 AE
2.5wt% DEHHRFEZEL .6wtBh64% THAH I L LI~B L
&, WEOFHFT v 7 ABDD RIS b b FIZIEE
LEETHBH I EHD, UROBEFERICE LT L2
HENICHH EEZ Do

4 T AOBS RS

Ty 7 A% MBL LTz & & DT L BRFEIC DOV
TN,

4.1 KIS

7 v 7 ADFESSER & R FERE TR~ #EE L
267E4ED MDF D7 v 7 AIEETE L7z & 9 1 ETHE Uk
Tho7-Z Db, No.4 DMDF DT v 7 Z%HH Lk
B% Fig 6 I3, [, DTA H#E7 v 7 AD8EL %
KL, TG HBIEEDORIEEERT. IMEHFRIER
NEEZETAOERRT, REHMRT 5B/ LIERY
ZDFE%40ml/min & L, MEUIFEIRS5H800T T THIE
SEEE20C /min TITVY, BB 4mg& L7z, Fig 6(a)i
R EREEA DS, DTA BICBWT, Ty 7 RA%E
B S NE L TIT L 37T H LREE RI AN EHND,
T v 7 ADRMESTH 5o Hi  MEMEED EFITX
o THEE LI RILKRET A L BRORERATI21ICTTEX
LTC\W5h, TG MAETLE, PREDIEDH284T £ TIZERER
PRI & 5 CT3wt % A3 2R F 5% 5, DTA BRI T
X 5284TH 5H354C  TOBRRBATEDORE VG DES
RIZEDEEERLTBY, BHRICL > TS THEIR
BLZUwt% TH D, ZOFEEE—FHDOD LEZTH



FHFE T 4 —ENVIRERBO T » 7 R & & B REFIE 199

TG - 100
_ ) (a) Air
= — 80
= )
< 600 ~H60 T
& 40l do 2
° o
200 DTA \\ ——_ d20
—
or |\//l 1\ 1\7‘7%'1:“ 0
LIS 100
'5 (b) Nz gas g
:{ 600 Jdeo f\f
5 40 - 0 Z
200 1@
- DTA — 20
0 I —
Lo ] — 1,
1 I | | 1 I 1 i 1
0 200 400 600 800

Temperature ("C)

Fig. 6. DTA and TG curves of in sample no. 4.
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Fig. 7. Chromatograms of thermal cracking wax
in sample no. 4.
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from thermal cracking of wax in sample no. 4.
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