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TABLE 180
insolubles from Shale-Derived Diesel Fuel Marine Bianks?

mg/100 mi
Total insoluhles
Length of - Filtered Adherent
Stress [Days) Sediment Gum Dupiicates Mean Std. Dav.
21 0.2 2
3.6 §.2 98
5.3 23 16 87 = 1B
28 135 na 248
1.0 0.2 1.2
0.4 0.7 AN 1] =137

1Fuel only, ne nitzogen compound added. Stressed at 80 °C.
2F|ask broken.

Taken from Reference No. 47 TABLE 181

insolubles from Shale-Derived Diesel Fuel Marine
With Added 2,5-Dimethylpyrrole?

mg/ 100 ml
. Total insolubles
N Added Flltered Adherent
{pprm w/v} Sediment Butn Duphsates Mean Std. Dev.
] o.r B2 0.3
0.1 Do A n.2 + B
45 6.1 : 03 7.0 .
439 06 &5 6.3 + 1.1
452 a4 05 49
8.0 08 b 54 x+ 07
135 7 15 19.2
213 18 237 214 + 3.2
2 13 22 435
383 . 1.8 40.1 41.B + 24
450 485 26 52.1
a7 47 1154 83.8 +44.8
4502 539 22 561
5h.2 28 58.0 57.1 + 1.8

" “'ged at §5 °C for 11 days
rlasks vented

Taken {ram Referense No. 47 255



TABLE 182
insolubles from Shale-Derived Diesel Fuel Marine
With Added 2,5-Dimethylpyrrole!

'1\9

mg/100 mi
Tolal Insolubles
N Added Filtered Adherant
{ppm w/v Sediment Gum Duplicates Mean Std, Bev.
| i -0.1 0.9 -0
o.n 02 -02 -0.1 += 01
45 - 8.0 03 _ 94
9.2 0.8 10.0 a9 : + 01
452 ' 0.0 0.7 97
BB - DB 82 9.5 + 04
135 301 2.2 123
' 299 i8 30.7 31.5 + LI
270 ’ 452 22 474
' - 60.3 38 73.2 50.3 + 324
a0 68.5 32 ni o
B0.7 4.7 854 78.6 + 9.7
4502 1258.2 48 1361
134.7 5.4 140.1 135.1 + 7.1

1 Aged at 65 =C for 20 days
2 Flasks vented

Taken from Reference No. 47
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. TABLE 183

Insolubles from Shale-Derived Diesel Fuel Marine
- With Added 2,5-Dimethylpyrrole!

mg/160 m
N Added Filtered Adherent Total Insolubies

{ppm-w/v) Sediment Gum Buplicates Mean Std. Dev.

0 ol 4.3 -02
0.1 04 -03 -0.2 + 01

a5 15.3 1.5 16.8
' 18.8 1.8 0.7 18.8 + 28

457 14.2 13 13.5
16.0 12 172 16.4 + 1.2

135 48 is 53.4
50.2 34 58.5 56.0 + 37

Zn 948 54 100.2
1022 5.1 1073 103.8 + 5.0

450 - 1675 18 175.1
2121 84 2215 03 +37.3

4502 185.6 12 1923
1658 15 1734 183.1 +13.7

! Agad at 65 =G for 32 days
? Flasks vented

Taken fram Reference No. 47
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TABLE 184
Insolubles from Shale-Derived Diesel Fuel Marine
With Added 2,5-Dimethylpyrroje?

Run1
mg/100 ml
Total insoiubles
N Added Filtared Adharent
ppm-w/v] Sediment Gum Duplicates Mean Std. fev.
0 0.1 0.5 06
0.0 0.2 0.2 04 + 03
45 21.5 20 235
213 1.9 23.2 234 + 0.2
452 18.6 16 202
209 13 228 215 + 138 -
135 63.9 a6 135
67.9 48 72.1 73.1 + 0.6
210 : 61.7 37 654
1264 6.0 1324 gasn 474
430 67.6 © 42 718
" 698 3.7 73.6 T2.7 =13
4502 220.1 74 2275
240.0 7.9 241.5 2315 +14.1

1 Aged at 65 °C for 5@ days
2Fjasks vented

Taken from Rejerence No. 47
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TABLE 185
Insolubles from Shaie-Derived Diesel Fue!l Marine
With Added 2,5-Dimethylpyrroie?

Second Run
mg/1080 ml
: Total Insolubles
N Added Filtered : Adherent '
[pamm-w/v] Sadiment Gum Buplicates Mean Std. Dev.
0 3
0.1 42 0.1 .1 -
45 209 2.8 23.7
18.3 , 2.2 205 22.1 + 23
452 185 25 211
13.0 24 214 213 + 0.2
135 63.6 _ 40 67.6
27.8 48 162.6 a1 =747
21 1333 7.5 148.3
124.0 549 1289 135.4 += 17
s 243.8 1.6 260.4 ‘
2473 11.7 259.0 259.7 + 10
4502 2174 8.3 226.7 :
‘ 2220 9.7 2317 229.2 + 35
1 Aged at 65 =C lor 50 days
Z Flasks ventad

3 Flask hroken

‘Taken Irom Relerence No. 47
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TABLE 186
Insolubies from Shale-Derlved Diesel Fuel Marlne
With Added Nitrogen Compounds!

mg/100 ml
. Total Insolubles

N Compount Flitered Adherent :
Added? Sediment Gum Ouplicates Maan Std. Dev.

2-Mathylindole ' 0.6 0.0 06
0.6 03 0.3 ] + 0.2

3-Methylindole 604 1.0 714
74.2 144 88.6 B0.D +12.2

2-WMethylpyridine 0.1 0.2 .03
02 6.5 0.7 05 + 03

2,6-Dimethy!- 85 83 188
pyridine 06 5.5 82 125 + B9

3.5-Dimethyl- 0.2 25 2.7
pyridine 0.3 28 KR 28 + 0.3

5-Ethyl-2-methyl- 0.2 - b5 6.7
nyriding 6.2 05 0.7 0.7 + 00

2-Benzylpyridineg 0.0 18 1.8
0.4 5.1 585 az + 26

44-Butylpyridins C6 8.2 98
D2 48 5.0 74 + 34

2. Sethylgunoline 03 21 : 24
0.2 1.3 13 20 + 0.5
4 Wattylquingiine 03 30 33 -
0.2 14 1.6 2.5 ’ + 12

2,6-Dimethyl- 0.2 03 05
guingline 1.6 58 75 4.0 + 48

A-iso-Butyl- 0.6 30 36
guincline 04 34 3.8 37 + 6.1

1.2,3,4-Tetra- 0.3 o1 0.4
hydroguingline 0.2 . B0 0.2 ga + 0

5,6,7.8-Tetra- 0.5 0.0 [1E7]
hydroguineline 0.6 04 1.0 na 4 04

¢ Aged at BO °G for 14 days
2 pdded at 450 ppm N levsl
260

Taken from Reference No. 47



. TABLE 187
3 insolubles from Shale-Derived Diesel Fuel Marine
Containing Antioxidant With Added Nitrogen Compounds!

mg/ 108 mi
Totat tnsolubles
N Compound Filtered Adherent
Added? Sediment Gum Dupiicates Mean S1d. Dev.
2-Methylindole 0.3 .t 04
0.2 0.2 04 04 +0.0
3-Methylindoie 0.8 00 | 08 '
08 0.1 (L1 0.9 =+0.1
Z-Methyl- 0.0 . 0.1 0.1
pyridine 01 -0 a.6 01 - =0
2,6-Dimethyl- 03 il 03
pyridine 0.3 03 04 0.5 =02
J.5-Dimethys- 04 nsg 1.0
pyridine 04 - 07 AR 1.1 +0.1
5-Elhyl-2-mathyl- 0.0 -0.3 ' 03
pyridine . 0D 0.2 0.2 0.2 +0.1
" g.Benzylpyridine 63 00 03
1.8 0.3 ' 22 1.3 +1.3
At-Bulytpyridine 0.3 03 06
0.3 0.7 10 0.8 +0.3
2-Methylquinoline 00 0.0 04
o1 0.1 0.2 141 +0.
4-Methylquinoline 04 0.6 1.0
05 1.3 1.8 14 +0.6
2 6-Dimethyl- 0.4 03 07
guinailne 04 0.6 _ 10 08 +0.2
4-i50-Buiyl- a3 0. 04 .
quinaline 0.3 0.1 04 0.4 -~ =00
1,2,3.4-Tetra- 0. 0.4 0s
hydrequineling 0.1 03 0.4 0.5 +0.}
5.6.7,8-Tetrz- 6.4 0.0 0.4 '
hydrogquingling 0.4 .1 0.5 0.5 =0.1

- Aged al 80 °C for 14 days
2 Added at 450 ppm N level

Taken Jrom Refersnce No, 47 761
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TABLE 188
insolubles from Shale-Derived Diesel Fuel Marine
With Added Nitrogen Compounds’

mg./ 100 mi
Total Insotubles
N Compound Filterad Adherant
Added? Sediment Gum Dupligates Mean Std. Dev.
2-Methyipyrrole 83 14 0.7
78 1.5 94 86 +0.2
2 A-Dimethyl- 304 190.8 230.2
pyrrole 362 195.2 231.4 2308 : + 048
1.2.5-Trimethy!- 76.3 5.4 817
pyrroie 2143 79 2222 162.0 +98.3
Pentamethyl- 434 (%] s0.0
pyrrale ags 58 453 411 + 33
2-Acatyl-1- 05 24 29
methylpyrroie 04 26 3.0 30 + 0.1
Pyrrolidine 0.2 28 3.
02 ki1 3.2 32 + 0.1
1-Methyl- 04 49 8.3
pyrrolidine 03 3.8 . 9 4.5 + 1.0
3.5—Il_lmelhyl- 1.1 1.3 24
pyraz ie 1.7 13 3.0 2.7 + 0.4
237 imethyi- 120 26 145
indoline 15.3 32 185 186 + 2.8
2-Methyl- 1.2 . 138 3. :
piperiding 1.3 2.1 34 33 = 0.2
2-Methyl- 0.8 08 1.4
pyrazine Q1 ' 09 0.8 1.1 + 04
25 Dimethyi- 0.3 0.8 11
pyrazine 02 6.7 0.9 1.0 = 01
3-Methyl- 1.5 35 5.0
isoquinoline 1.6 4.1 6.3 5.7 + 09

1 Aged at 80 =L for 14 days
2 Added 2t 450 ppm N level.

Taken (ront Reference No. 47
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TABLE 189
Insolubles from Shale-Derived Diesel Fuel Marine
With Added Nitrogen Compounds’

mg/100 ml
Total insolubles
N Compound Filtered Adhsrent
Added? Sedimem Gum Duplicaies Mean Sid. Dev.
2.5-Dimsthyl- 03 0.2 0.1
guingling 0.5 0.0 G5 03 =03
1,2,3.4-Tetra- 01 95 0.4 _
hydroguinoling 0.2 0.0 ' 0.2 0.1 +04
S ety 6.1 04 43
quinoline 0.2 4.2 0.0 0.1 +0.2
2-Methyl- 0.1 08 .5
quinaline 0.1 0.1 8.0 0.2 +04
3.5-0imethyl- 0.1 04 . 43 _
pyriding 0.1 iR 2.0 0.1 +02
2-Methyl- - 0.1 04 03
pyridine 0.1 0.2 4.1 -0.2 +0.1
" 2-Methylindole 03 4.3 : 0.0
) 0.3 0.0 8.0 +00
1 Aged at 43 °G for B0 days
2 Added at 450 ppm ¥ level.
Taken from Reference No. 47
263
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TABLE 183

Insolubles from Shale I and 112 Fuels

A. Insclubles present in fuels before strass (mg/100 mi)

Filtersd

Fuel : Sediment Mean Sid, Dev.
1. Shals - H OFM _

composite 0.7

[pre-acid] ' 0.7 0.7 100
2.8hale-1 03

JP-§ G4 6.4 =0.1
3. Shale-| 66.8

OFM

B. Insolubles formed afier stress {80 °C - 14 days)
. Total Insotubles
e Filtered Adherent _
" g8l Sediment Gum Duplicates Mean S14. Dev.
1. Shale - 1| DFM

- tomposite 179 5 210 :

fpre-acld] - 17.0 23 19.9 205 +0.3
2. Bhale - 1 a5 - 1.7 52

JP-5 ' 3.5 20 85 54 +0.2
3. Shale - 1 184.9 104 195.3
- BFM 54.2 10.0 54.2

156.3 50 2073
a1.0 192 110.2 1443 - =h68.7

1 @htained from the 1.S. Navy Shale 1 pragram. The shale liguid was produced hy a delayed coking
process follawed by fractionation. Both Shale | fuels contained aver 1600 ppm nitrugen.
2 Obtained from the U.S..Navy Shale Il program, which involved hydrotrsatment followed by fractionation.

Although the Shate Il program Included acid freatment, the DFM used here was withdraws befars acid
ireatment. '

Taken from Reference Na, 47
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Summary of Storage Tests of Hydrotreated Shale Oils

TABLE 197

Insoluble precipitate plus adherent gum {mg/ 100 mL)

Qescripiion! 7 Weseks 4 Wesks 8 Weeks 12 Weeks 16 Weeks 24 Weeks

Qce. HT @ 775 © F - Unfittered 04 485 130 124 z z
fce. HT @ 775 = F - Filtered 3T 59 8.2 45 g5 145
Doz, HT @ 750 © F - Unfittered 225 130 3z 29.% 45.0 458

* 0ce. HT @ 760 © F - Fitered 23 104 212 126 18.1 143
Par. HT @ 700 © F - Unfiliered 246 a1 4356 224 274 718
Par. HT @ 700 © E - Filtered 15.4 26.2 3BL 25.0 26.2 a0
Oce. HT @ 650 ° F - Unlittered 23.1 253 68.2 130 fa.0 2
Goe, KT @ 650 © F - Flitered 126 116 443 213 i 219
Par. HT @ 850 ° F - Untlitered ' Z8.0 26.2 318 340 210 404
Par. HT @ 650 ° F - Filterag 2348 216 516 | a4 218 2in
" Oec. = Oecidental shale oif

Par. = Paraho shate ol
2 Insifficient sample for tests at this storage perled.
Taken irom feference Ho. 13
TABLE 198
Heptane Insolubles In Shale Crudes, Aged at43° C[110° F)
‘Wi, % Insolubles

DBescription Unaged 2 Weeks 4 Weeks 8 Wasks 12 Weeks 16 Weeks _ 24 Weeks
Paraho crode unliltered 0.48 0A 017 813 013 014 g4
Flask adherant insolobles - .60 0.51 0.7 053 069 0.60
Tolal D83 0.78 111} L.76 0.83 0.7e
Parzho crude filtered 031 0.39 019 G6.24 0.19 014 0.21
Flask adherent insciubies - .18 04D 0.37 0.43 D48 0.49
Tolat 0.57 059 0.61 062 0.62 6.70
Beakinelics crude unfilersd B.41 042 040 0.40 0.28 0.38 048
Gankinatics crude Iitered 0.41 042 o647 040 043 0.43 0.50
fccidental crude unfiliered 037 052 0.40 0.47 047 0.45 0.58
Oesigenizl crede IHiered 0.4t 050 0.42 0.47 0.47 0.47 852

n from Reference No. 13
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TABLE 199
Kinematic Viscosities at 40 ° C (104 ° F) of Unaged and Aged Shale Qils

oSt
_ Agedat43° C Difterence
fescription? Bnaged : 24 wesks! Unaged-Aged
Oce. KT @ 775 ° F, unfiltered 4.80 4.82 {12 weeks) 012
. Dee. HT @ 775 ° F, filtered 5.01 497 [16 weeks} +0.09
Gec. HT @ 750 ° F. unfiltered 7.89 1.71 +0.28
fce. HT @ 780 © F, filtered 7.95 1.89 +0.06
Par. HT @ 700 ° F, unfiltered 17.05 16.87 +0.38
Par. HT @ 700 ° F, filtered 16.79 16.506 +0.23
0ce. HT @ 650 ° F, unfiltersd 11.59 10.99 15 weeks} +0.6
Ocs. HT @ 650 ° F, filtered 11.25 11.33 ' -0.08
Par. HT @ 650 ° F, unfittered 22.87 23.78 -091
Par. KT @ 650  F, filtered 22.13 22.50 —0.47
Par. cruds, unfiltered 40,84 41.25 -0.61
Par. crude, filtered 42.06 42,15 -0.09
Geokinetics crude, unfiltered 13.01 1417 =026
Beokinetlcs crude, filtered 4.01 13.28 +0.73
Oce. crude, unfittered 35.63 35.11 +0.52

0ge. crude, filtered 35.20 34.51 +0.59

1 Except were noted.
2 pes. = Docidental shale oil.
Par. = Paraho shale all.

Taken from Reference No. 13
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