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THERMAL STABILITY OF SOME AIRCRAFT TURBINE FUELS
DERIVED FROM OIL SHALE AND COAL
by Thaine W. Reynolds

Lewis Research Center

SUMMARY

Thermal stability breakpoint temperatures are shown for 32 jet fuels prepared from
oil-shale and coal-syncrudes by various degrees of hydrogenation. Low severity hydro-
treated shale oils, with nitrogen contents of 0.1 to 0.24 weight percent, had breakpoint
temperatures in the 477 to 505 K (4000 to 450° F) range. Higher severity treatment,
lowering nitrogen levels to 0.008 to 0.017 weight percent, resulted in breakpoint tem-
peratures in the 505 to 533 K (450° to 500° F) range.

Coal -derived fuels showed generally increasing breakpoint temperatures with in-
creasing weight percent hydrogen, fuels below 13 weight percent hydrogen having break-
points below 533 K (500° F).

Comparisons are shown with similar literature data.

INTROD UCTION

This report presents thermal stability breakpoint temperatures data on a series of
aircraft turbine type fuels prepared from oil shale and coal syncrudes.

Little information exists in the literature on the general properties and character-
istics of fuels derived from synthetic crude oils. The Lewis Research Center of NASA
is engaged in a program to study the possible impacts of obtaining and using aircraft
turbine type fuels derived from oil shale and coal syncrudes. As part of this program a
series of such fuels was prepared from TOSCO, H-Coal and COED syncrudes by the
Atlantic-Richfield Company (ARCO) under a contract with NASA (ref. 1). The purpose
of this ARCO preparation contract was to determine the processing steps and conditions
necessary to meet certain yield and specification requirements for the final product
fuels. The ARCO contract was to determine the processing conditions and the product
quality at two yields (about 20 and 40 percent) and at two levels of hydrogenation severity



for each yield, of TOSCO shale oil and for two levels of hydrogenation severity for the
H-Coal and COED coal syncrudes. The yields from the TOSCO syncrude were varied by
using hydrocracking to attain the higher yield. The two levels of hydrogenation severity
for all three syncrudes were obtained by varying the pressures (10. 3><106 to 17. 2><106
N/mz, or 1500 to 2500 psi), temperatures (607 to 675 K or 634° to 755° F), and weight
hourly space velocities (0. 36 to 1.5). Each process stream was further split by distil-
lation to give four distillation ranges. The product specifications that were required to
be met were the levels of hydrogen, nitrogen, and sulfur content. All the physical and
chemical tests required for aircraft turbine fuels were reported by ARCO for the 32
fuels.

Thermal stability data for such fuels are especially scarce. The evaluation of the
thermal stability of a fuel should reveal any tendency of that fuel toward instabilities
which could affect its performance in an aircraft fuel system. For example, theri_a could
be the tendency toward gum or deposit formation on heated surfaces or the tendency to
form particulates which might plug small passageways in the fuel system.

The purpose of the work presented herein was to determine the thermal stability
breakpoint temperatures on the fuels prepared by ARCO and to see if any correlations
of breakpoint temperatures with fuel properties or processing would be evident. The
breakpoint temperature data determined at NASA are compared with the single temper-
ature (260° C) determinations made by ARCO on these same fuels.

The data cover 32 fuels. Sixteen of these fuels were from a TOSCO shale oil
syncrude, 8 from an H-Coal syncrude, and 8 from a COED (coal-derived) syncrude.
The breakpoint temperature range investigated was 477 to 589 K (400° to 600° F).

EXPERIMENTAL PROCEDURE
" Apparatus

The thermal stability data were obtained using the Alcor jet fuel thermal oxidation
tester (JFTOT) apparatus and procedure which are described in detail in ASTM D 3241
(ref. 2). A cross-sectional sketch of the test section is shown in figure 1.

Filtered, aerated fuel flows upward through an annulus formed between an outer
housing and an inner heated tube and then out through a test filter. The aluminum
heater tube is heated electrically. Figure 2 shows a typical longitudinal temperature
profile which was obtained by a traversing thermocouple located inside the heater tube.
The maximum temperature, at a position index of 39 (39 mm from the fuel inlet position),
is the temperature recorded as the JFTOT temperature. Some measurements and cal-
culated values of flow velocity and residence time relating to the test section are also



noted in figure 1. At the design flow rate of 3 cubic centimeters per minute the flow
velocity through the annulus is about 0.5 centimeter per second and the residence time
in the annulus is approximately 12 seconds.

The fuel is pressurized with nitrogen (N2) to 3. 4><106 newtons per square meter
(500 psig) to prevent fuel vaporization at the test temperature (ref. 3). The test lastsfor
25 hours and requires at least 450 cubic centimeters of fuel for a test run.

Two types of fuel instabilities that may affect performance of a jet fuel in an air-
craft fuel system are expected to be in evidence in this type of test. First, the tendency
to form gum or deposits on heat exchanger tubes or other heated surfaces would show up
as deposits on the test heater surface; second, the tendency of the fuel to form partic-
ulates which might clog fuel orifices or filters would show up as an increasing pressure
drop with time across the test filter.

~ The test filter pressure drop is recorded during the test procedure. The heater
tube deposit is checked at the end of the run. The tube deposit can be rated visually
(by comparison with a color standard) and given a numerical rating of 0 (clean tube) to
4 (heavy deposit) or it can be rated with an Alcor Mark 8A tube deposit rater (TDR).
All the tube deposits cited in this report have been made with the TDR.

The TDR is a light reflectance measurement device in which the heater tube can be
spun on its axis to give an average circumferential reading. While the tube is being
spun, it can be scanned axially. The TDR scale is so calibrated that a zero reading in-
dicates a clean tube and a 50 reading (the maximum) indicates a very heavy deposit.

For the results reported herein, it has arbitrarily been assumed that a maximum
TDR spun rating of 13 or below is a pass condition for the test. Some rationale for
using this value can be noted from figure 3 (ref. 4), which indicates that a TDR spun
rating of 13 would have received a visual pass rating of 2 or less on all the tests used
for this particular comparison. Since the value of 13 is also in agreement with the pass
value used by Exxon Research and Engineering (ref. 5), the results of both sets of ex-
periments are more readily comparable. :

The standard procedure in ASTM D 3241 calls for a test at 533 K (500° F). If the
fuel does not pass the stability criteria at this temperature, a second test at 519 K
(4'750 F) is made, and the results at both temperatures are reported. In the tests
herein it was attempted to select test temperatures that would bracket the spun TDR
value of 13 and to label the temperature at which a maximum value of 13 was indicated
as the ""break point temperature''. Where the break point temperature was indicated
to be above the highest temperature used, it was simply labelled "'above T''. No runs
were made above 589 K (600° F).



Fuels

The fuels used in this study were prepared under a contract study by Atlantic
Richfield Company (ARCO). The details of preparation and properties of the finished
samples are reported in reference 1. The preparations are now described briefly.

The flow system schematics of figures 4(a) to (c) show the principal details of the
processing that was carried out on the three syncrudes. It can be noted in figure 4(a)
that the low yield TOSCO samples were obtained by hydrotreating only the 361 to 616 K
(1900 to 650° F) cut from the crude. The high yield samples, however, also contain
material from the 616 to 783 K (6500 to 950° F) cut of the crude which has been hydro-
cracked. The H-Coal samples (fig. 4(b)) received only a single stage hydrotreatment
but at more severe conditions than the comparable range for TOSCO processing. The
COED samples (fig. 4(c)) contain hydrotreated IBP to 561 K (IBP to 550° F) crude
material and hydrocracked 561 to 700 K (550° to 800° F) crude products, similar to
the high-yield TOSCO samples.

Each of the streams labelled ''Final sample blends'' in figure 4 actually consisted
of two separate hydrotreatment severity runs. And, each of these separate run
streams was fractionated into the group of four different boiling range final products.

The properties of the final sample blends as determined by ARCO (ref. 6) are
shown in table I. It should be emphasized that the objective in processing these fuels
was not to produce finished fuels that would necessarily meet all aircraft turbine fuel
specifications. Rather, the objective was to meet (1) the yield, (2) the processing .
severity to meet the H, N, and S levels, and (3) the boiling point range conditions. The
full range of aircraft turbine fuel specification tests was then carried out on these blends.

A recently completed similar study by Exxon Research and Engineering (ref. 5)
produced a series of aircraft turbine fuels of the JP-4 and Jet A type from five syn-
crudes: Paraho, TOSCO, and Garrett shale syncrudes and H-Coal and Synthoil coal
syncrudes. In this study, also, the effect of varying the severity of processing on the
final product properties was investigated. The flow system schematics of figures 5(a)
to (3) show the principal details of the processing that was carried out on these five
syncrudes. The thermal stability data (JFTOT) obtained by Exxon on these fuels and
included in reference 5 will be used in some of the later comparisons of results.

RESULTS AND DISCUSSION

The spun TDR values measured on the 32 ARCO samples are shown in figure 6. The
ARCO fuel sample designations are used on the figures for identification. Scans were



made from tube position index values of 20 through 54 (see fig. 2).

The TOSCO shale sample TDR values show a general symmetry around the maxi-
mum axial temperature location (position index, 39) as do the low-severity H-Coal
spun TDR values. The high-severity H-Coal TDR values are comparatively more
random; however, they are also all fairly low (max. value shown is <7.0). Most of
the COED sample TDR values show no axial symmetry either. No significance is
attached to this observation at the present time, it is simply noted.

The maximum values of spun TDR are plotted against test temperature in figure 7.
In most cases no pressure drop buildup across the test filter was observed during the
2—;—-hour runs. In those few cases where filter AP buildup did occur, the data are
shown in figure 8. In only one case, with fuel number 33430, did the fuel fail to pass
the AP test while still not showing much tube deposit.

The breakpoint temperatures, defined as the temperatures at which a maximum
spun TDR value of 13 is expected, were determined from the plots of figure 7 (where
maximum spun TDR was the criterion), or they were estimated from figure 8 where
AP was the criterion (i.e., where AP exceeds 25 mm Hg before the end of the test).

These breakpoint temperature data are summarized in table II along with some of
the fuel properties for which comparisons are subsequently made. Also shown in this
table are the visual tube ratings taken by ARCO of JFTOT tests on these same materials
at 533 K (500° F). A similar table made from the Exxon data (ref. 5) is presented
herein as table III for comparison purposes.

A comparison of the breakpoint temperature data taken at Lewis with the visual
ratings obtained on the same sample materials at ARCO is shown in figure 9. In the
visual rating method, a value of less than 3 at a test temperature of 533 K (500° F) is
required for a pass condition. It can be seen that for all but four fuels the pass or fail
criterion was in agreement by either rating procedure. Three of the four not in agree-
ment were very close, probably within the range of repeatability of the tests. Only one
fuel sample seemed to be in marked disagreement, sample 33318. This is a high
nitrogen content fuel, and the visual rating reported seems to be out of line with the
other samples in the TOSCO low yield - low severity treatment group.

Figure 10 shows the breakpoint temperatures for the shale fuels plotted against
weight percent nitrogen. The low-severity treated shale fuels, with nitrogen levels
of 0.1 to 0. 24‘weight percent, had thermal breakpoint temperatures in the 477 to 505 K
(400° to 450° F) range. The higher severity treated fuels, with nitrogen levels of
0.008 to 0.17 weight percent, had breakpoint temperatures in the 505 to 533 K (450° to
500° F) range. The fuels with nitrogen levels below 0.008 weight percent generally
had breakpoint temperatures in excess of 533 K (500° F). There was little variation
in the weight percent hydrogen in the shale fuels, and the sulfur levels were all below
0.0044 weight percent.



The coal-derived fuel samples all have very low nitrogen levels. The ARCO
samples were less than or equal to 6 ppm, the Exxon samples were less than or equal
to 67 ppm. Figure 11 shows the variation of thermal breakpoint temperature with
hydrogen content for the low-nitrogen content fuels. In figure 11(a), which shows the
coal fuels only, the samples show an increasing level for the breakpoint temperature
with increasing weight percent hydrogen. Except for the synthoil, fuels with the hydro-
gen content below 13.0 weight percent had breakpoint temperatures below 533 K
(5000 F), only two of the coal-derived fuels with H = 13. 5 weight percent had breakpoint
temperatures below 533 K (500° F). One of these two was the sample that had the
breakpoint temperature determined by the AP across the test filter rather than by
tube deposit rating. The synthoil-derived fuels have a significantly higher level of
breakpoint temperature for the same hydrogen content. Synthoil fuel samples with
hydrogen levels of 12 to 12. 3 weight percent had breakpoint temperatures equal to
or greater than 533 K (500° F).

Figure 11(b) shows the breakpoint temperature data for the few shale-derived fuels
which had nitrogen contents less than or equal to 67 ppm superimposed on the coal
fuels plot. Of the five shale fuels that met this low nitrogen criterion, only one (a low-
severity treated fuel) had a breakpoint temperature significantly below the general level
of the coal fuel data.

CONCLUDING REMARKS

This report has presented thermal stability breakpoint temperature data, obtained
on the ALCOR JFTOT apparatus, for 32 aircraft turbine type fuels prepared from shale
and coal syncrudes. These fuels were the result of specifying the yield and severity of
hydroprocessing. The final fuel samples represented four different distillation ranges
for each processing sequence, nominally 366 to 561 K (200° to 550° F), 366 to 616 K
(200° to 650° F), 422 to 561 K (300° to 550° F), and 422 to 616 K (300° to 650° F).

The shale-derived fuels showed a variation in breakpoint temperature with nitrogen
content. The higher nitrogen level fuels, 0.1 to 0.24 weight percent nitrogen, had
breakpoint temperatures in the 477 to 505 K (400° to 450° F) range. The lower nitrogen
level fuels, 0.008 to 0.017 weight percent, had breakpoint temperatures in the 505 to
533 K (450° to 500° F) range. With the shale-derived fuels of nitrogen content less
than about 0.008 weight percent nitrogen, there appeared to be no general trend of
breakpoint temperature with nitrogen content.

The improved thermal stability with reduced nitrogen content does not prove that
nitrogen containing compounds are the sole, or even major, contributors to thermal



instability. The increased hydrogenation severity that is required to reduce the nitrogen
content should also reduce the concentrations of other unstable species such as oxygen
containing organics or olefinic hydrocarbons.

The nitrogen levels of the coal-derived fuels were all fairly low, less than 70 ppm.
The breakpoint temperatures of the coal-derived fuels showed generally increasing
breakpoint temperature with increasing weight percent hydrogen, although the correlation
is not a very strong one. None of the ARCO fuels below 13.0 weight percent hydrogen had
breakpoints equal to or greater than 533 K (500° F), and only two of the coal fuels with
hydrogen content greater than or equal to 13.5 weight percent hydrogen had breakpoint
temperatures below 533 K (500° F). There appears to be a significantly higher level of
breakpoint temperature for the Exxon Synthoil derived fuels than for the other coal-
derived fuels for the same hydrogen content. The Synthoil fuels with hydrogen levels of
12 to 12. 3 weight percent had breakpoint temperatures equal to or greater than 533 K
(500° F).

Again, the improved thermal stability with increased hydrogen content is not
necessarily the result of hydrogen concentration alone, but more probably it results
from the saturation or removal of trace amounts of unstable species by more drastic
hydrogenation.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, March 17, 1977,
505-04.
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,— Heater tube

| § — Fuelout

A
\ - Test filter

_ -~ Heater tube housing

=~

q
Ut I ~— Fuelin

y

Figure1l, - Assembly drawing of heater tube section, Heated
length, 6.0 centimeters; tube outside diameter, 0. 325
centimeter; flow rate, 3,0 cubic centimeter per minute;
residence time, 2.0 seconds per centimeter length; flow
velocity, 0.5 centimeter per second.
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Average numerical code rating

Position index

o

507 ~ JFTOT temperature

4

/" measurement
4(#_ location
3
20—
lo—
0 | | L |
140 180 22 260 300
Temperature, °C
| | | | |

300 35 400 450 500 550 600
Temperature, OF

Figure 2. - Typical temperature profile in JFTOT tubes.

2 4 6 8 10 12 14 16 18 20 2 2
Average Mark 8A TDR spun rating

Figure 3. - Comparison of visual code ratings and Mark 8A spun ratings

(from ref. 4).



35.8° API

Il

Hydrotreat
{HDS-3A) |
| LL
311 to 616 K
(100° to 650° F)

{a) TOSCO shale oil.

H=12.26
361 to 616 K N=1.26
(190° to 650° ) S=0.7
61610 700 K
(650° to 80° F) 16,10 API
TOSCO H=11.0
700 to 783 K N =223
(800° to 95¢° P) S - 0.56
19.17API
H = 10.74 -
N=210 Hydrotreat
S =0.68 (HDS-3A)
32.2° API
H=13.4
N = 0.0253
S =0.002
Hydro-
. . crack
Two reactors in series;
both catalysts proprietary—~
46° AP
1BP to 700 K
{1BP to 800° F)
H-Coal ;
31'_00 AP', = Hydrotreat
H=-11.8 {HDS-3A)
N=0.17
S =0.17

N <10 ppm

{b) H-Coal.

Figure 4. - Schematic diagram of ARCO product treatments.

Low yield
final sample blends

High yield
final sample blends

Final sample blends
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Gas - 21.9 API

H=12.32
1BP to 561 K N =0.3338
(1BP to 550° F) S =0.024
561 to 700K {
{550° to 800° F)
17.2 AP
H=10.63 Hydrotreat
N = 0.358 HOS-3A) | high Low
18.20 API §=0.025 severity  severity
H=10.94 H=13.41 1277
N =0.385 N=<10ppm <10ppm
S =0.023
HDN
(HDS-3A)
55
22.99 AP parts
H=11.91 .
N = 0. 0237 45
S = 0.002 parts
Two reactors in series;
o Hydro-
both catalysts proprletary—\\ crack Gas
~ 311 to 616 K
HZ13.7% {100° to 650° F)
N =22 ppm
{c) COED.

Figure 4. - Concluded.
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40.1° API

H=13.1
26.1% N=0.87
1BP to 568 K S=0.8
{1BP to 56% F) Ar=29.9
1
T0SCO
Hydro-
treat
21.0° API (HDS-3A) Run
N=1.85 410 17-8 113
S=0.61 Ho% - 14.6 13.89
N, ppm 4 20 200
S,ppm 74 36 22 — JP-4
——— Jet A
{a) TOSCO shale oil.
31.90 API
<» ~1% H-12.6
462 to 564 K N=1737
(373 t0 556° F) $=0.82
Hydro-
treat
(HDS-3A) Run
11-B 111
H % 13.67 1318
N,% .0067 .17
S, % .0011  .0002

(413, 414; material N
from run 11-B}-

JetA
Hydro-
treat
(HDS-3A)
Jet A

b) Paraho shale oil.

Figure 5. - Schematic diagram of Exxon product treatments.
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33.70 AP

H=126
- A=1BP to 568K (25.5% N =1.07
- {18P t0 563° F) S =0.63
w B = 1BP to 616 K 43.5%) i
(1BP to 650° F)
Hydrotreat
(HDS-3A)
250 API| Run
N=1.30 404 103 115
S =0.60
Ar = 58, 2% Ho% - 139 --
N, ppm 55 74 48
B35S 49
Y S, ppm
Material from 103
N=13
S=0.6
Hydrotreat
(HDS-3A)
Run
405
N, ppm 41
S, ppm 112

{c) Garrett shale oil.
Figure 5. - Continued.
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——> JP-4 (From 404 only)

———— Jet A

|—— JP-4 (Possible but no
blends prepared)

—— Jet A (From 405 and 415)




Synthoil

)
>
R3I>

vz
0w
eco

2. %
1BP 10 568 K
(IBP 0 563° F)

Hydrotreat
Run
105 107 202 203
H, % 12.88 12,07 12.271 1l.01
N, ppm 57 61 50 62
S, ppm 36 22 23 12
— Jet A
Material from 107
Hydrotreat
(HDS-3A)
Run
416
N, ppm
S, ppm <
JetA
(d) Synthoil.

Figure 5. - Continued.
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H-Coal

352 10 558 K
(175° to 545° F)

43.2° API

N=0.12
S=0.55
Ar-=44.8
|
!
Hydro-
treat
Run
209 304
N, ppm 19 26
S, ppm - 2
-~ jP-4
Hydro-
treat . etA
T
N =<1.0ppm
S =15 ppm
Hydro-
treat
Run
419
N, ppm <1
S, ppm <1
Jet A
(e).H-Coal.

Figure 5. - Concluded.



Mark 8A spun TDR value

Low severity High severity
ARCO
number: 33315 33316 3330 BUL
50 r — —
3 0
© 502K (445° F) | smkeo®R | oSI9K @R
;519K 1% ) S0 K e )
E — iieskes®h i1
U !
LA
10 —
i
0 L |
ARCO
number: 33317 332 33343
50 — — 547K
(525° P)
40 — — :
. 547 K
3 — [ — [rsak 480° F)
505 K (450° F)
20 — | 53K — 533K
1 (500°F) 1 500° P
10 I ': ~S19K @159 F)y -
0 D Zan N J-
{2y TOSCO - low yield.
ARCO
number: 33365 3336 33408 33409
2 505K 450° F) B
o ~ 491 K (425° F) ' . :
0 | A r883K @ p I~ : 533K (500° F)o
Bl 491K “2s°n | | 533K (500°F)- [ 519K @750 P
14T K @30 R F 514K 4650 F) i
N ] 1 1
201 - e y
10— — —
0 | | I |
ARCO '
number: 3337 33368 33410 33411
20 533K 600° ) .
I Y I — sk @R [T 53K KRR
- 7 . 1] ‘
of— [ € I SIS0 KUSOR | T osiaK 460 F)
1 ' IN Y
a0l 505 K {450° Fh‘.l | ) |
505 K i !
10(— | s0° Fn| - ' — —
20 40 0 2 ) 60 2 4 0 2 . 4 60
: Position index

() TOSCO - high yield.

Figure 6. - Axial scan of Mark 8A spun tube deposit ratings.
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Low severity

ARCO
number: 33416
50—

40—
o rsmksn®p
30— 1 FOI9K @I F)

1
| 1 505 K (450° F)
20— 1 Al
!
]
!

10

33:n

Ir519 K (@75° F)
| 305K @50 )

0

High severity

33430

Ir533 K (500° F)
] 519K @750 F)

33431

L 561 K (550° F)=

— )
l (124 min ;
! [N
A Noa—=L}
33U 3333

| 533K (500° F)
i
! rSLK {550° F)

[

. |

— 583K (590° B
, :
II
] 8K (565 F)
1

. 1
/ 547 K

i
— ] 2n

LNE&:J

(c) H coal low-yield.

sonumber: 33118 = 3319
4 {-519K(475° F) L
0 ! 505 K (450° F)
o1 —  SI9K @R
I
b ! 511K (460° F)
20 4o, ]
1
@ 10 )'I/\/\-/ - ‘I )
o .
e
o
2
& ARCO
& number; 33502 33503
5 0 sk 610 533K (500° F)
! \
40 \ r7 K
") { 561 K
R ]
20 1 (500° F) 519K
10 @1 F)
0 J
ARCO
number: 33504 33505
50— —
40— —= 575 K (575° )
\
LK SR | 561 K
0 >
o ~533K (5000F) | \ !
I v 589 K
A 1
w0— [\ — 1 g Sh
! Vo
0 D NG~ S
20 40 0 2 20 60
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33516

L547 K
{5250 F)

533K

33517

T 53K {500° F)

! \
i \

519K
/ @5°F

L
|~ ] J
33518 33519
r552 K
L L ! (5350 F)
- 547 K L
(525° F)q

Position index
{d) COED high yield.

Figure 6. - Concluded.
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Maximum Mark 8A spun TDR

w.—
Low severity ARCO  ASTM H, N,
number rar(1ge, w% wt%
K CF)
O 3315 %2105% 136 019
(211 to 610)
O BIN6 4251059 13.66 2233
(305 to 613)
A 3BT 4510543 1368 .20
(305 to 518)
O 3338 4045 137 175
213 o 521
|
60l_
High severity ARCO  ASTM  H N,
number range, wt.% wh%
K OF)
O 330 37to54 13.8  0.06
(219 to 610)
O BUL 42410596  13.8  .0L68
(303 to 613)
A M2 24t05%0  13.95 0152
(304 10 531)
O BU3 JOto5¥ 137 .03
(224 to 537)
! |
475 500 525 550

Maximum temperature, K

L I | I J \ J

400 : 450 500 550
Maximum temperature, °F

(a) TOSCO low yield.

Figure 7. - Variation of maximum Mark 8\ spun TDR with temperature.
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Maximum Mark 8A spun top

60 [ Low severity

ARCO ASTM H, N,
number rar(mge, wt.% wt%
K (“F)

0 O 3335 39to549 13.82 0.131
{168 to 605) .
O 33366 42210593 139 1581
- : (301 to 608)
A 33367 423to550  13.80 1397
(302 to 530)
20— / O 3338 30to549 1370 .14
| 170 to 528)
Y R A— _____l
I
0 4 I [ BT
— High severi
80 gh severty ARCO  ASTM  H, N,
number range, wt.% wh%
L K (gF)

0O 3308 352t0592 13.98 0.010

(175 to 607)
40— O 33409 424t0594 1395 .0144
(304 to 609)
A 33410 425t0552  13.95  .0076
— (306 to 535)
O 3311 39to552 13.98 .0088
(204 to 534)
20.—
— |
|
0 R RN L 1 |
475 500 525 550

Maximum temperature, K

( I | I J
400 450 500

Maximum temperature, °F

{b) TOSCO high yield.
Figure 7. ~ Continued.



Maximum Mark 8A spun top

60— Low severity
ARCO ASTM H, N,
- number range, wt% wh%
K &R
O 33416 3l6to624 12.73 0.0005
40 (218 to 663)
O 3317 Not avail- 12.47 - .0006
able
— A 33418 416t0550 12.64  .0006
{290 to 531)
0O 33419 380 to 557 12.79  .0001
20— (225 to 543)
) |
0 | | I I I . |
60— High severity
ARCO ASTM H, N,
number range, wt. % wt. %
b KR
A 33437 383to 615 13.56  <0.0001
(230 to 648)
ao— O 33431 424 to na 13.26  <.0001
(304 to na)
0O 33432 424t0545 13.31 <0001
— (304 to 522)
O 3333 380t0 558  13.73 0005
(224 to 545)
A 3pxceeded AP limit.
0 | I /\//¢é I | I J
475 500 525 5% 5715 600
Maximum temperature, K
[ | ! | i | L _
400 450 500 550 600

Maximum temperature, °F
{c) H-Coal low yield.
Figure 7. - Continued.
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Maximum Mark 8A spun top

. ARCO ASTM H, N,
Low severity number  range, wt.% wt.%
- K F)
O 33516 362to591 13.07 0.0003
(192 to 605)
4 — O 33517 425to na 12.88  .0002
(305 to na)
A 33518 424t 551 12.96  .0002
— {304 to 532)
O 33519 360to553 13.24  .0002
(189 to 536}
20—
-z A
0 | | | 1 [
60 —
ARCO ASTM H, N,
; ; number  range, w.% wt%
| High severity K OF)
O 33502 360to592 13.6 0.0002
(188 to 606)
40— O 33503 425t0593  13.44  .0002
(305 to 608)
A 3304 427t0551 13.63  .0002
i (309 to 533)
0O 33505 360toS557 1369 .0002
(189 to 544)
20 | S—
0 1 I T e S
475 500 525 550 515 600
Maximum temperature, K
I | | I L | ! J
400 450 500 550 600

Maximum temperature, K
{d) COED high yield.
Figure 7. - Concluded.



Fi I’ter pressure drop, mm Hg

00—
200 r
10—
— 533K (500° F)
25—
lof—
— 519K @475° F)
1 ! | ! I l |
4 80 120 160

JFTOT visual rating (ARCO data)

Test time, min

Figure 8, - Time variation of pressure drop through JFTOT test filter
for ARCO sample 33430 (H-Coal).

 Fail area by both criteria

!
D 2 °© |
r—Pass area by both
| criteria
]
[ 1

\

S

s

11— (@]
0 | 4 B , ,
475 500 525 550 575 600
JFTOT breakpoint temperature, K
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