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NOTICES

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no

- responsibility nor any obligation whatsoever; and the fact that the
Government may bave formulated, furnished, or in any way supplied the
said drawings, specifications, or other data, is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

Qualified requesters may obtain copies of this report from the
Defense Documentation Center (DDC), (formerly ASTIA), Cameron Station,
Rldg. 5, 5010 Duke Street, Alexandria 4, Virginia.

This report has been released to the Office of Technical Services,
U. S. Department of Commerce, Washington 25, D. C. for sale to the
general public.

Copies of this report should not be returned to the Research and
Technology Division unless return is required by security considerations,
contractual odbligations, or notice on a specific document.
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FOREWORD

This report wvas prepared oy Ashland Oil & Refining Company, Inc.
under Comtrect AF33(657)-11097. The contract was initiated under
Project No, 3048, MTask No. 304801, and was :dministered by the Air
Force Aero Propulsion laboratory, Fuels and ILubricants Branch, Wright-
Patterson Air Force Base, Ohic, with Mr. H. R. lander as project

engineer.

This report covers work performed from initiation of the contract
effort on June 15, 1963, to May 15, 196h.

The work was directed for Ashland Oil & Refining Company by
Mr. Arnold M. Leeas.




ABSTHACT

\

The thermal) stability of nineteen degraded JP-6 type Jjet fuels was
improved to & level in excess of the present MIL-J-25656B specification
requirem=nt by a filtration treatment. The improved thermml stability
of these reclaimed fuels was retained for more than six months of
arbient temperature storage.

The ASTM-CRC (oker was used to measure thermmnl stability. The
coker ratings could not be correlnted quantitatively with the chemical
and physical analyses because of the minute guaniivy of the contaminants.
Hovever, with the use of filter media these contaminants were concen-
trated swificlently to shov some degree of correlation with the coker
ratings.

Many of the additives present in these military fuels as well &s
those considered as possible future additives were removed in varying
degrees by reclamation filtration. The generstion of static electriciiy,
filter media life, process economics, and design variables were other
perameters which were inveatigated.

()
A\

This technical documentary report has been revicwed and is approved.

Marc P. Dunnam

Chief, Techiical Support Division
AF Aero Propulsion laboratory
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I, INMRODUCTION AND OBJECTIVES

L

There exists a gap in gquality level of high-temperature jet fuel
between the shipping point and the use point. ¢ne possible process method
to ¢close this gap in quelity level is to pump the jet fuel through an
in-field reclamution filter at the use point.

¢ wm pd

Prior to the date (June 14, 1963) of this contract award, the

- contractor had developed, independently and wholly upon his own initiative,
a process for rehabilitating thermmlly degraded jet fuels upon which the
contractor bas filed & patent application on April 30, 1963, as Serial No.
276865 for United States letter Patent. It has been demonstrated commer-
cially within the last five years that this process has the ability to
restore degraded jet fuels at the refinery or use point to & quality level
a8 good or better than the original refined fuel at the production point.
The Air Force, by acceptance of the contractor's proposal, desired the
contractor to test the process with a wide range of degraded fuels to
deterxine the full limitations aud capabilities of such process for
possible Air Force use. Details of this contractunl agreement are aveil-
able from the proper sgency within the Air Force.

Business ethics made it difficult to document all of the case
histories wkhich resulted in considerable economic loss to the military,
engine builders, and fuel suppliers as a result of degradation of delivered
fuels vhich were rejected at the destination points because of loss in
thermal stability. In some cases some of the degraded fuels in large
storage tanks had to be downgraded into JP-4 type fuels by blending higher
vapor pressure components to meet the quality standards even on the down-
graded products. 1iIn other cases the fuel suppliers had to absorb the
round-trip freight cost for returning the fuels to the production point
and the additional rehabilitation expense at the refinery. In the interim
period of such cases the consumer was either required to discontinue his
operations or to procure alternate supplies. This new parameter cf
instability of such fuels during transit and storage is obviously
untenable for both the supplier and the consume>, A i'evw years ago a
solution to this problem was found by the use of in-field reclamation
filters. The success of these commercial reclamation units at the use
points during the last few years attracted ‘ane attention of the military
to evaluate this process fcr rehabiliitating many different types of
degraded fuels on a pilot plant basis. Hence, this research effort was
initiated and completed to determine the full capabilities and limitations
of this process.

Manuscript released by the suthor June 1964 for publication as an ASD
Technical Documentary Report.
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Recently the contractor has installed five additional commercial
filters at use point terminals for variocus processing rates ranging from
150 GPM to 1500 GPM. The purpose of these new filters is to insure the
removal of all degrading contaminants that may accumilate during previous
storage and transportation by barge, tanker, tank car, tank truck, and
pipeline,

In addition to reclametion filtering, cther methods of fuel rehabili-
tation vere considered. The redistillaticn method can be used quite
successfully to reclaim degraded Jjet fuels. Table 1 shows that most of
the contaminants and additives can be concentrated in the 5% distillation
residue as & reject by-product. The 95% distillation overhead is
relatively free of contaminants and quite thermally stable. The test data
on redisti lation products listed in Table 1 show that the 5% residue
concentrated such contaminants as copper, lead, indenes, naphthalenes, and
peroxides. The residual additives were also concentrated in the 5%
distillation residue.

However, redistiliation is not a very practical method to use in the
field becsuse of its prohinitive cost, i.e. the direct operating cost of
redistillation reclametion ranges between 0.5 and 2.0¢/gallon. The total
operating cost of such redistillation at the use point is prohibitive.
The rLydrotreating process can be used gquite guccessfully to rehabilitste
degraded fuels. Hydrotreating removes oxygenasted, sulfonated, halogenated,
and nitrogensted organic contaminants as acidic vent gases. Again, such
hydrotreating opera*ing costs are prohibitive (1 to 3¢/gmllon) with some
material loss as light catalytic crecked by-products. Another adverse
economic consideration is that hydrotreaiting catalyst is poisoned by Jet
fuel contaminants and additives.

At the beginning of this research project, the contractor set aside
about 30,000 gallons of degraded jet fuels in isolated, clean, carbon
steel storage tanks or drums to be available as required. Tabies 2 and 3
show the code identification system for all of these fuels. To differen-
tiate these storage degraded fuels for this reclamation work, the first
ten fuels received from the Aero Propulsion laboratory were recoded
Reclaim Nos. 1 through 10. These Air Force coded commercial JP-6 and
thermally stable fuelis were produced by several different suppliers. They
vere all specification products at the shipping point but had become
thermelly unstebl: in the customers' tankage. These fuels were drummed,
retested in the Aero Propulsion laborutcry to confirm the bad coker
ratings, and shipped to the contractor for process.ng through reclamation
filters. Reclaim Nos. 11 and 12 fuels had previously been in terminal
and customer's storage for about two years. These fuels were likevise
shipped as specification fuels at the shipping point, but had become
thermally unstable in the customer's tarnkage after about cne year's
storage, Two transport truck loads of each of these fuels were purchased
by the contractor and stored in clean carbon steel tanks. Reclaim Nos. 13
through 19 were blends of Reclaim Ne. 1= and thermally stable fuels,
thereby providing varying degrees of thermal instability.
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To date about 5,000 gallons of thege fuels bave been processed
through three coker machines and about 9,000 gallons have been processed
through tvelve reclamation filter pilot plants. Pifty-five gallons of
each of the nineteen fuels have been filtered and placed in ambient
storage without readdition of sdaitives., An additional drum of each of
Reclaim ¥os. 11 through 19 has been filtered and stored with readdition
of additives, All of these filtered fuels have been tested on the coker
following the three and six month storage periods at ambient temperature.
These fuels vere stored under the same roof where the ambient tempera-
tures during the course of this period varied from plus 10 to plus 100 F
and the relative humidity varied from 20 to 100%. The storage containers
vere vented tc the air for normal breathing. The residual filtered fuel
samples have been forwvarded to the Aerc Propulsion laboratory for long
time storage evaluation.

This report shows performance data obtained from existing commercial
and laboaratory filter units as the result of processing many storage
degraded fuels. The primery objectives of this research effort were to.

1. investigate treating methods to rehabilitate storage degraded
fuels.

2 test the performance of a reclamation filter for processing
many different jet fuels that bad degraded during storage at
air bages and terminals.

3. document all useful test data obtained from nineteen contract
fuels before and after reclamation filtering to permit
defining the detrimeatal contaminants that caused the
degradation aof the fuels.

L, recheck the coker ratings on these reclamation filtered fuels
after additional storage at ambient temperature. These coker
ratings wvere made after three months and aix months to
determine whether or not degridation would oczur again on
these reclaimed filtered fuels.

Se determine the effect of additives and designated contamirants
on the reclamation filtering process.

6. determine whether the reclamatior filter unit would remove
detrimental ccataminants, viz. biological, organic ard
inorganic (soluble and insoluble), and moisture.

7. determine the efrcct of design and operating variables of the
reclamation filtering process.

8. recommend the optimum design of a field filtration unit that
would be useful and practical to the military for rehabili-
tating storage degraded Jet fuels,




I¥. METHOD FOR RECIAMATION FILTRATION

As shown in Figure 1, the reclamation filter unit consists of two
zones. In the first zone the fuel flows upward through a chemical dryer
vhich consists of a free water coalescing and settling area with bottom
vater drain facilities and a chemical drying aree removing emulsified
and soluble water. In the second zone the dried fuel flows dovnward
through a filter which consists of a fine mesh activated media which
removes particulate matter (including submicronic), soluble chemical
and biological contaminants, etc.; a coarse mesh activated media which
completely retains the above media; and three additioral layers of
coarser but completely inert graded metallurgical aggregate disengaging
clean fuel and completely retaining the filter media,

Carbon steel vessels have been used successfully to minimize the cost
end to provide flexibility in charging and dumping the filter media. To
date the sziandard media continue to be most successful; however, the same
hardware could readily adapt itself to possible improved filter media.

With the use of this filter the data presented later in this report
demonstrate th:t this process can remove detrimental contaminants, viz.
bviological, orgenic and inorganic (soluble and insoluble), and moisture.
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1 III. DISCUSSION

PLooe e

it A, Thermal Stabllity of the Test Fuels

The Standard ASTM-CRC Coker and the Modified Coker wvere used to

T measure thermal stability of the test fuel samples, Figures 2, 8,

i 14, and 20 (bar graphs) show the maximum preheater coker ratings
(450/550/6) for the test fuel samples: the degraded fuel as
received, trested fuel immediately after reclamation filtration,

I treated fuel six months after reclamation filtration. Figures 3
through 7, 9 through 13, 15 through 19, and 21 through 24 (photo-

graphs of coker preheater tubes) show comparative thermal stability

ratings for all fuels before sund after filtration treatment. In

iv the photographic work, it was necessary to fabricate a large
tuberator aocusing in order to obtain suthentic photographs of the
maximum depogsits on the cylindrical preheater tubes. By this meens
the photographs are comparable to visual inspection through the
standard tuberator.

All of the filtered fuels were improved from failing (425/525/6)
to passing on thermal gtability as measured by the coker rig when
operated at 450/550/6 severity. lLikewise this improved thermal
stability rating of the filtered fuels remmined at the pessing
level after both the three months and six months storage periods
at anbient conditions,

Appendix 1 shows the complete coker prehester ratings from which
the graphical data were obtained. Appendix II shows the coker
threshold stability data on the original fuels (Reclaim Nos. 1
through 10) as rated by the Aerc Propulsion laboratory. Nearly
all of the unfiltered fuels tested continued to drop in thermal
stabllity during the same storage time and under the same
conditions. The data in Appendix III show the continued
degradation of the unfiltered fuels during storage through the
contract period.

The coker test date listed in Table 4 show that processing doctor
treated kerosene through the reclamation filter increased the
initial coker threshold temperature from 375/475/6 to 475/575/6.
Table 5 shows the physical and chemical test dmnia for the original
doctor treated kerosene. Generally speaking, an aged doctor
treated kerosene can be filtered to gain about 50°F coker threshold
temperature whereas a desulfurized aged kerosene can be filtered to
gain about 150°F coker threshold temperature.

R



B. Physical and Chemicel Tests on Fuels

Table 6 shows comparative physical and chemical test data for all
fuel samples included in this program; the degraded fuel as
received, treated fuel immediately after reclumation filtration,
treated fuel six months after reclamation filtration. Appendix IV
lists the sources of the chemieal]l and physical laboratory procedures.

These comparatlive physical and chemical test data failed to identify
clearly the offensive contaminants. However, these test results 4id
show in most cases that in the filtered fuel samples there was gome
reducticn in olefins, peroxides, indenes, pyrrole and basic nitrogen,
surfactants including crganic sulfonates, naphthalenes, naphthenic
acids, sulfur, iron, lead, copper, phenols, spent additives, soluble
wvater, gums, and particulate matter, Likewise, in the filtered fuel
samples the water separating characteristics were improved as
measured by the water tolerance, WSI, and WSIM tests. The regenera-~
tion of the filter media also confirmed that these same contaminants
were removed from the treated fuels during the filter operation.
Tuese contaminauts were concentrated in the extracting solvent. during
the regeneration cycle. This will be discussed in more detail later
in this report under section “D".

C. Removal of Biological Contaminants With Reclamecion Filter

Previous preliminary checks of fungal and bacterial removal from
other petroleum products by application of the reclamstion filter
have indicated that microorganisms in the megnitude of even less than
0.1 micron are completely removed from hydrocarbon fuels by use of
this process.

By arrangement with the Fuels and Lubricants Branch of Wright-
Patterson Air Force Base, the University of Dayton Bacteriology
Pepartment supplied three different species of Pseudomonas bacteria
in pure culturs, one each on Bushnell-Haas mineral salts agar

slants with JP-4 overlay and one each on trypticase soy agar.

These were designated as B-40, B-hli, and B-S4, Two different species
of fungi in pure culture were supplied, each on Saboursud's agar
slants. These were designated as B-29 and B-55.

In order to substantiate the preliminary work in this area, specific
samples of JP-6 jet fuel were deliberately inoculated with fungi and
bacteria, both separately and together, and filtered through the
reclamation filter., The resultant effluent was filtered through a
0.45 micron Millipore filter to remove or to detect any remaining
microorganigms. The filters were then incubated at 37 C in media
suitable for the specific cicroorganisms for a one-week period. The
cultures were inspected visually every day for potential growth and
by use of both optical- and electron-microscopy every other day.

-
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f‘g The fifteen-day cultures showed that the fuel which had passed

o through the chemical dryer section of the unit still contained a

o few of the injected microorganisms, The fuel which had filtered

- through both the chemical dryer and filter sections proved to be

19 completely free of any bacteris or fungl, thus confirming the success
is of this process for removal of microscopic entrainments. In Figure 25

the fungi are traced through the filtration unit.

Other photomicrographs, Figures 26 through 39, illustrate the
positive ideantification of backerie and fungi pricr to flltrstion
and the negative identification following filtration. Figure 40
shows the effect of biological contaminants on coker preheater
tubes. The coker rating confirms that fungi and bacteria leave
a deposit on the preheater tube when operated at 450 P, The

: uninoculated fuel gave a maximum preheater code of 1 while the

. inoculated fuel gave a maximum preheater code of 2.

feers §

The procedures for propaghting the cultures, inoculating the fuels,
microscopically examining the fuel samples, and determining the
results are presented in Appendix V and Tables 7, 8, and 9.
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Three complete runs vere mede using different rilter units (each
conforming to the specificaticns of the contractor's reclamation
filter). One test run was made using the »acteria alone, one
using fungi only, and the final test run was made using both
bacteria and fungi, It was found that in all three test rumns no
bacteria, no fungi, or spores were found to have passed through the
active sections of the filter units. This is illustrated in

photographs shown as Figures 2%, 33, 35, and 37.

The depth of penetration by the microorganivms intc the filter media
indicated that ail of these microorganisms were retained on the
entrance layers of the filter media. This indicates that the filter
media life for removing biclogical contaminants would be much
greater than for cther types of contaminante. Therefore biological
contaminants are noi the controlling contaminant for filter media.

From the results obtained, it can be concluded that the reclamation
filter successfully and coampletely remcved the injected micro-
biological contaminants from the JP-6 jet fuel utilized for the

project.

D. Removal of Other Contaminants With Reclamation Filter

The other apparent detrimental contaminants to thermel stability
vhich are removed by the reclamation filter media consist of
naphtbalenes, oclefins, indenes, phenols, pyrrole and besic nitrogen,
sulfonates, peroxides, sulfur, naphthenic acids, surfactants
including organic sulfonates, lead, iron, copper, gums, spent

7
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additives, end particulate petter. The free and emulsified water
containing soluble salte is also removed by the chemical drver.
Confirmation of the removal of these contaminants was evident upon
apalyzing the extract from the regeneration of the filter medis.

A number of the pilot plant reclamation filtration units used for
determining the life of the filter media were shut down, drained,
and purged with nitrogen in preparmation fer regenerating tae filter
media., Trisolvent {benzene-acetone-isopropancl) vas pumped into
the reclametion filter and allowed to stand 16 hours, then the unit
vas Flushed with additional trisolvent and drained., This extract
wvag then tested to determine the contaminants removed from the
filter media. The results from this determination follow.

1. Raphihalenes represented by far the greatest organic contami-
rant in the extract from the spent filter as measured by the
ASTM D-1840-61T spectrophotomeiric method. A Model DU Beckran
spectrophotometer wvas used for these analyses. Since the jet
fuel processed had an Engler distillation end point of 416 F
with 8 0.5% residue; some of the expected interfering
compounds such sg phenanthrenes, dibenzothiophenes, biphenyls,
benzothiophenes, and anthracenes, vere minimized by the
original fractionation of the jet fuel. This same processed
Jet fuel contained only 0.1% naphthalene both before and after
the reclamation filter; therefore it appears that the 2.0 and
2.5% naphthalene found in the spent filter media from
processing Reclaim Nos. 11 and )2 could have been synth=sized
from spent additives and contaminants and then retained. Such
synthesized degradation products when extracted from the spent
filter media gave a positive test for naphthalene by ultra-
vioiet specirophotometry. FEven with such inconsistency, we
can still conclude that the real or aspparent naphthalene
content, when determined by ultraviolet spectrophotometry
(D-1840-617), provides a contaminant identification metbod
for projecting thermml stability. Pilot reclamation filters
or their equivalent are requived to concentrate such contami-
nants for extracting and testing.

2. Indenes, phenols, and pyrrcle nitrogen vere also found in
mich smller concentrations in the extract from the spent
filter medie. These data are consistent with the data from
the before and after reclamation filtered samples showing
partial removal o such contaminants by the filter media.

3. lead, iron, and copper were also found in the spent filter
media. Nearly all of the pilot plant runs showed substantial
removal of these inorganic contaminants by the filter media,
The commercial reclametion filters showed removal of these
inorganic contapinants.

8
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‘rhe 2k-root pilot plant reclammtion filter was shut down after an
extended run for a similar regeneration with the exception that
each 8-foot top, middle, and bottom section was analyzed separately.
The data in Table 10 shov the analyses of the contaminants removed

4
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1 from the filter media. The most detrimental contaminants and

s additives vere completely removed in the top and middle filter
sections.

e

e When dismmntling several of the reclamation pilet plant units, it

wis Odbserved that 8 grease-like smterial accumiated in the void
gpace between the chemical dryer and the filter. Most of this
grease-like material had been retained on the entrance layer of the
£ilter medis and nope of it had penetrated more than one inch into
the filter media. Some of the other chemicsl reactionms are not
completely understood. However, the positive removal of contami-
i- meants from jet fuel is quite evident as shown in Table 1l.

Geg
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Some af these contaminants were deliberately injected intc the Jet
fuel to determine their effect on thermml stability. These were
petroleun sulfonates, peroxides, indenes, and naphthenic acids.

Petroleun sulfonates were retained on the filter media yielding
treated fuels free of these soluble crganic contaminants as shown
in Table 12, While petroleum sulfonate contaminant is very
detrimental to the water separcmeter test, such a convaminant is
not detrimental to the ccker test vhen operated at the 475/575/6
severity level on JP-6 jet fuel.

Benzoyl peroxides were retained on the filter media yielding
treated fuels free of these soluble organic contaminants as shown
in Table 13.

Indenes vere retained on the filter media yielding treated fuels
free of these soluble organic contaminants as shown in Table 1k.

Naphthenic acids were retained on the filter media yilelding
treated fuels free of these soluble orgmanic contaminants as shown
in Table 15.

Puels that become off-test on the copper strip corrosion during
storege due to generation of elemental sulfur by bacterial action
become quite troublesome in the field, Confirming our original
commercial reclamation filter data on both JP-6 and Mach 3 type
fuels, our more recent laborstory data indicate that:

1. elemental sulfur can be generated in aged Jet fuels,
folloving improper fractionation or bacterial action,
yielding & bad copper strip corrosion test during storage,

Yol



2. by adjusting the promoter agent to the filter media, thLe
elemental sulfur can be removed from the reclamstion
filtered fuel without degrading other fuel qualities cuch
as thermal stability.

The supperting data for these conclusions are shown in Table 16.

Test fuels, Reclaim Nos. 1 through 10. contained considerable
phencls on the before treats (as received) while the after treated
fuel sampleg conteined only a smsll amount of phenols. This
indicates that reciammtion filtering removed phenols which in turn
may have been partially reaponsible for the improved thermel
stability reting of these types of fuels. Reclaim Nos. 11 through
19, manufactured by a different process, contained very little
phenols on both the befure and after treats which indicates that
Phenols wvere not responsitle for the bad thermal stability ratings
on these before treats. The data in Table 17 support these
conclusions.

E. Effect of Additives on Reclammticn Filtering Process

General observations to date from both the pilct plant filters and
compercial filters indicate that:

1. some approved jet fuel additives, namely antioxidants and
metal deactivators, thai are normally included in Jet fuel
usually improve the performance of the reclamation filter
media.

2. one approved jet fuel additive, namely icing inhibitor
(ethylene glycol monomethyl ether with or without glycerol),
asually reduces the effective life of the reclamation filter
media.

Table 18 shows the antioxidant and metsl deactivator content before
and after reclametion filieringz on 811 ¢of the fuels. These data
indicate that such additives ma; need %0 be readded to the filtrate
after the initial filtratlicn Lreatment, The data on the before
treats indicate that thermel stebilitv on these fuels deteriorated
badly even though additives were s.11il preseunt in the aged fuels,
Of the uncombined antioxidant and metal deactivator that were
originally added to the freshly produced fuels, approximately 25%
was still remaining in Recleim No. 11 degraded fuel as received.
During the course of these life tests on the filter media, rearly
all of this uncombined and available antioxidant and metal
deactivator was eluted in thz treated fuel as effective additives.
Tables 2 and 3 show that the coker break points of these aged fuels
ere below specification. These fuels contained nearly maximam
concentrations of sdditives when freshly produced.

10

15—



foew

- The ASTM-CRC coker ratings deteriorated with the addition of the
P nilitery approved corrosion inhibitors. These data on JP-O
i rzhabiliteted fuels conflirm similur datea on freshly produced
i commercial JP-6 type fuele which show:
. i. that ccker DTreheater retings at temperatures above 425 F begin
to deteriorate when the fuel is treated with minimum allowable

ST concentrations of all current military approved corrosicn
- 4 inhkibitors. Occasionally some of these ' rrosion inhibitor
tresated fuels have a higher threshold temperature; but
? additional testing shows inconsigtency in the occasionally
i improved perfurmance. These date indicate threshold bresk

points of the corrosion inhibitcr treated fuels below that
of the virgin JP-6 Jet fuel.

2. that reciametion filiers can be used to remove some of the
corrosion inhibitors from such inhibited fuels at the usge
point terminal thercby improving the coker rating of the
filtered fuels. This approach has significant value wnen
concidering that jet fuel could be corrosion inhibited at
production point, transported to destination, and reclamation
filtered at the use point to minimize possible corrosion of
storege and shipping containers. However, individ: -1 research
vould be required on s specific fuel to determine which
contaminant (iron rust versus corrosion innibitor) would be
controlling in & specific fuel bandling system.

Figure 41 shows that the military approved corrosion inhibitors
when used in JP-6 jet fuel generslly degrade & coker rating. It
alao shows that a portion of the corrosion inhibiior can be removed
br e reclamation type filter which in turn improves the coker rating
&t 450/550/6. Table 19 shows the detailed coker preheater ratings
supporting Figure 41.

The Aero Fropulsion laboratory used their reclametion filter to
mocegs two fuels containing lubricart additives. These two fuels
were sent to Monsanto's Dayton laboratories for infrured identifi-
cation of these lubricent additives in the samples before and

after the reclammiion filtration unit., The two runs that were made
on the reclamation filtratica unit shovred that both lubricant
additives were retained on the filter aedia and thereby removed from
the treated fuels., These data are shown in Teble 20 and indicate
that such lubricant additives should be injected downstream from the
reciamtion filter. BHovever, if a lubricant additive would become
incompatible to the fuel, such fuel could then be pumped through the
reclametion filter to remove the objectionable additive.

Figure 42 shows the infrared spectra for the base fuel, duplicate

runs for the bege fuel plus lubricant additive No. 1, and for the
filtered fuel. Figure 43 shows similar spectra for lubricant

IR



addéditive No. 2, The spectra representing the filtered fuels are
jdentical to those of the base fuel vwith no additive.

A typical commercial antistatic additive (3 ppm) csused the
deterioration of the thermel stability of JP-6 jet fuel with the
coker operating at 450/550/6. These data are shown in Table 21.

F. Static Electiricity Generated bty Reclamation Filter

Most of the static electricity studies predate this contract vork
since safe laboratory procedures were required to conduct the
original research work to develop a practical reclamation filter.
In this original work, three phases of static electricity were
evaluated.

1. Conductivity

Since reclamation filtering involves removing contaminanis from
the fuel processed, conductivity of the filtered fuel is
decreased, as would be anticipated, with the use of a good Jjet
fuel filter. Conductiviiy measurements varied considerably
depending upon the quality of the fuel charge and its additive
content, the contaminants removed, and upon the quality of the
treated fuel required. If the reclamation filter accomplishes
its primary objectives of removing contaminants, the conductivity
parameters must become of secondary consideration.

2. Static charge build-up

The design of the reclametion filter has been made to reduce
drastically the potential static charge build-up. These design
features include relstively low fluid velocities (3 feet per
minute), support media with neutralizing and/or relaxing
components, grounding fecilitles, and media promoting agents
that tend tco lessen generstion of static charge.

3. Fire hazard measiremenss at effluent product receiver

Drastic laboratory environment was arranged to initiate
combustion at the product receiver. Ungrounded metal receivers
vere used to receive the fuel by top fill splash loading in an
air atmosphere. The third component for ignition of the fuel
became the controlling variable -- static electrical charge.
The original laborctcry work included varying the fuel flow
rate from i to 300% of the recommended design flow rate,
varying the fuel {ype to culiivate explosive ranges in the
lean and rich zores and on Y“Wwth sides of these air-vapor
ratios at the receiving tank, varying €low temperatures from
minus 20 to plus 130 F (above and belcw flash points of

y



differer’ tr2is}, ete. To date, no actual fire flashes have
been ig..t.. <y the static electricity genersted by these
reclammtion filter runs.

v

oo

While the number of laboratory runs prior to this effort vere
®oTe nunerous and more conducive to static electrical fires
than the present laboratory runs, these runs alsc consisted of
top splash filling in ambient air of about 1800 five-gallon
metal cans {ungrounded) with treasted product stream from the
pilot plant reclamation filters. The potential hazards using
any method of fuel handling should never be minimized. However,
these laboratory runs as described above and actual commercial
runsg indicate that with well grounded reclammtion filters -«
the static electrical discharge froam reclammtion filters is
considersbly less than for many other existing high fluid
- velocity filter-separators. The normal laboratory configurstion
for reclamation filter units should incorporate grounding of
T Product metal containers with submervged filling spouts,

o &3 90
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When testing for static electrieity build-up on both laboratory and
commercial reclamtion filters, it was found that:

1. negligible static electricity is generated in processing fuel
as it flows through this unit.

2. the ability aof both the unfiltered and filtered fuel to carry
awvay artificially induced electricity would vary considerably
with the type of fuel being processed (with or without
additives).

- 3. mroper grounding of metal filter units is required for general
safety reasons regardless of whether or not a fuel is being
processed.

T k., vhen the product receiver in the reclamation filter was
arranged in au environment which was very conducive to
supporting combustion if static charge was generated, no
ignition occurred indicating negligible static generated
within the reclamation filter.

G. Life of Filter Media
Figure b4 shows the treating costs of the reclamation filter media
vhen processing different degraded fuels. Appendix VI shows
supporting data for Figure uk.

Life of the filter media is decreased with incressing soluble
organic contaminants or increesing coker severity. Both pilot

. 13
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unite and commercial reclamation filter units have demonstreted
that:

1. the greater the concentration of soluble organic contaminants,
the lower the life of the filter media. However, this
relationship is not directly proportional to the total amount
of soluble organic contaminants since some organic contaminants
elute sooner thin others and some are more detrimental than
others.

2. the grester the severity of the coker test conditions on the
treated product, the lower the effective life of the filter
medisa used for reclammtion. This relationship approaches a
Jogarithmi¢ function.

3. the analytical complexity of reclammtion filtering is such as
to limit precise predictions of the life of filter media,
hovever field experience and pilot runs give a reasonably good
basis for design calculations on all grades of Jet fuel
processing. Obviously the degree of accidental contaminaticn
cannot always be predicted.

A specification JP-6 jet fuel containing antioxidant and metal
deactivator in allowable concentrations when processed through a
reclametion filter soon saturates the filter media with these
additives without affecting the ability of the filter media to
remove other contaminants. After filtering approximately 100
barrels of fuel per ton of filter media, these additives elute
into the effluent in thelr original effective form. However,
icing inhibitors do seriously decrease the life of the filter
media. It was found that injecting the icing inhibitor following
the reclamation filter provided & preferable opereting procedure.
While processing & very bad JP-6 jet fuel (Reclaim No. 11), the
filter media life for complete reclamation for improving coker
threshold temperature from 350 to 475 F exceeded 13,000 barrels
of fuel per ton of filter media. The continued processing of tais
same fuel with a 16,000 bar-els per ton rate showedi a gradual
increase in naphthalene, irdeanes, pyrrole nitroger, c.pper, lead,
and iron bleeding into the fuel filtrate.

The foregoing data which show the life of the filter media when
processing badly degraded fuels are somewhat distorted since two
commercial units have considerably less opereting cost when
processing larger quantities of fuel.. In practice, such filters
could be used continuously to process both bad and good fuels in
any sequence thereby insuring that all of the filtered fuels will
be thermally stable. The continuous processing of all incoming
fuels through reclamation filters would insure that all the fuel
delivered to the ai.craft would be thermally stable and on
specification with considerable saving in testing time and cost of
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teating the fuels. Additional additives that may be requested for
flight benefits could be injected into the effluent stream from the
reclamtion filter unit with ap sutomated proportional additive pump.,

Design Variables of Eeclamation Filter

Specifications for Jet fuel filter-geparators have been well
documented Tor the removal of puysical contaminants - naxpely solids
and free water. With the continued more rigid requirement for the
removal of physical contaminants, new requirements have been added
to remove alsc chemical and biological contaminants from high-
temperature Jet fuels at the use point terminals. The usual design
variables for filter-gseparators are viscosity, interfacial tension,
temperature, differential density of fuel and water, and the itype,
gquantity, and mature of contaminants to be removed., The new design
eriteria include the nature, type, and quantity of soluble chemical
and biologicel contaminants and their eage of removal in the presence
or absence of fuel addi‘ives. These design criteria may incorporate
the supplemental flexibility of different filter media, different
filter supporis, different disengsging hardware along with the
efficient diaposal and replacement facilities for the active filter
media. Optimum fiow raves have been established for pilot and
commercial flltration units with standard filter media for the
ditferent current types of military high-temperature Jjet fuels based
on effactive removal cf typical contaminants, viz. physicel,
chemical, and blological,

Figure 45 shows the filter pressure drop versus the flow rate for
fuels with varying viscosities. Pigure 46 chows the filter pressure
drop versus the flow rate for JP-6 fuel for varying filter bed

depths.

Table 22 shows practical deslign data for maximum permissible flow
rates on the reclamation filtration unit as taken from the curves
in Figures 45 and 46. While other variables may be controlling,

it is believed the maximum flow rutes through the reclamation
filtration unit listed in Table 22 provide a reasonably good design
basis for insuring good performance and optimum economics. The
cross sectional arean of the chemical dryer can vary between 30 and
60% of the cross sectional area of the reclamation filter, depending
on the anticipated drying duty. The depth of the filter bed and
drier bed can vary with the permissible cost of the hardsare but
preferably with the anticipated effective-cocnteminant-load iu the
fuel to be processed. The effective-~-contaminant-load wiii vary
with the coker severity level requirement on the treated fuel,

Por some operating requirements, considerably higher flow rates
can be realized provided the charge pump and herdwere are designed
for the higher pressur: drops.




In general, the performance of the commercial reclamation filter
units is better than the simulated pilot unite. Some of the
contributing factors that favor the commercisl unit are:

l. more consistent Jjet fuel charge quality

£. less conzact of the fuel with the metal containers -- gallons
fuel/ft< netal surface

3. less contact of the fuel with air

4, fewer experimental operating variables

Since the pilict filter units are less efficient, design data based
upon pilot runs provide a greater contingency allowance in commercial

ingtallations for accidental mishendling of fuel. In any event,
mishandling of fuel should be avoided whenever possible.

16
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IV, SUMMARY

Yobed

This resesrch program included evaluating methods of reclamstion
for storage degraded jet fuel; viz. hydrotreating, redistillation, and
reclamstion filtering. Ths dats indicate that hydrotresting snd
rediatilling accomplish the reclamstion, but these processes vould not
be practical in fleld applications where the problem exists. Reclamation
filtration bas been used cummercially for several years in the field,
Filter pilot plants were used in this research work to rehabilitate
nineteen different degraded fuel samples. It can be conciuded that
reclamtion filters are practical, economical, effective, simple, and
ssfe. Commercial filters can be constructed and installed quickly
vithin new or existing fuel facilities. Perhaps such a filter could be
operated effectively with or without filter-geparators.

R ST
Pomeg g G e

.- The uge of the filter unit could permit deleting some jet fuel
additives during the production and transportation of these fuels. The
filter could be used at the use point to rehabilitate the fuel and to
allow also the injection of additives into the filtered fuel to meet the
specific demands of the aireraft during flight. Hot residual fuel from
returning aircraft could also be filtered at the air base and then
returned to and commingled with fresh fuel.

Since the quality of the reclaimed filtered fuel is possibly better
than the freshly refined fuel, laboratory testing could be minimized nlong
with its corresponding time delays. The research data indicate that

~ indenes and other contaminants are generated during ambient temperature
A storage. Since the greatest demand for stability of fuels is during flight,
o it is logical to provide for the greatest stability level just prior to
L fueling aircraf't and then to fortify vith additives for the specific flight.
.- The ise poini filter could permit this optimum approach.

The filter also provides a means of concentrating and removing Jet
fuel constituents for supplemental measuring, identifying, and monitoring
purposes., The coker test is much more sensitive than physical and
chemicsl tests for determining thermal stability of high-temperature Jet
fuels. The filter removes and concentrstes mos' of the contaminants
rogordless of what type or quantity causes the instability of Jet fuels.
Toe filter media are in sufficient quantity to enable several months or
possibly several years operation prior to regeneration or recharging of
the unit.

‘e The rehabilitation of all of these fuels processed by the pilot
* filters helps to Justify new installations of commercial reclamation
filters for processing any storage degraded fuels at military tank farms.
.. The processing of good fuels through filters produces even a higher
quality fuel, The occasional or continuous procesaing and rehabilitating
~ of bad fuels avoids downgrading of these bad fuels. Following their

- 17




reclamation filtration they can be commingled with the good fuels in any
or all proportions since they have equivalent thermal stabllity ratings
and compatiblility characteristics. While most fuel suppliers expect the
delivered fuel quality to be satisfactory, toco many failures have already
been Qocumented at the {hreshold of the supersonic jet age, The
installation of reclammtion filters at the use point terminals could
close the gap in quality levels and insure the delivery to the sircraft
of as clean, dry, and thermmlly stable jet fuels as is possible with the
present state of the art.

18
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Y. RECOMMENDATIONS

Install commercial reclamation filters at several fuel facilities
to gain additional experience under full acale application and to
provide field developmental data to determine feasibility of more
extensive applications.

Conduct additional research work to develop an in-field thermal
stability monitoring instrument to record automatically contaminant
levels of Jet fuels irm storage tanks,

Conduct additional research work on correlating conteminants
(extrected from filter medin) with coker ratings on the before and
after treat samples from reclammtion filters,

Conduct additional research work on improving regenerastive
procedures for reclamstion filters.




Injection of Promoting Agent Contaminsnts Retained
on Filter Media
~\
y
p-t Desigrated Additives if Required
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= m m Decontaminated Jet Fuel
o & to Storage or Aircraft Loading
Jet Fuel Charge
Containing Contaminants J
Water
Druin

Pigure 1. Process Flov of a Typical Reclammtion Filter Unit
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A - Degraded fuel as recelved

B - Treated fusl immediataly after reclammtion filtration

C - Treated fuel six mouths after reclamtion filtration
Figure 2. Therm] Stability Data - Reclaim Kos. 1 Through 5

ASTM-CRC Compsrative Coker Ratings (450/550/6)

RSB RSP (i b 06

FAIL

Reclainm



wat el WS S Gt e
N vy

L ] -

RECLAIM NO. I |
OEFORE TREAT AFTER TREAT

Figure 3. Comparative Coker Preheater Tubes for Reclaim No. 1

"Before Treat" (Code No. €) represents charge to filter and
"After Treat" (Code No. 1) represents efflueit product from

reclamation filter.
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Figure 4, Comperative Coker Prebieater Tubes for Reclaim Mo, 2

“Before Treat” (Cole No. 5) represcats charge to filter and

"After Treat" (Code Xo. 1) represents effluent product from
reclamation filter,
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RECLAIM N, 3
SEFORE TREAT AFTER TREAT

Figure S, Comparative Coker Preheater Tubes for Reclaim No. 3

"Before Treat" (Code No. 7) represents charge to filter and
"After Treat" (Code No, 1) repregents effluent product from

reclamation filter.
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Figure 6.
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RECLAIM MO, 4.
oErORS TREAT AFTER TREAT

Comparative Coker Preheater Tubes for Reclaim No. &

"Before Treat" (Code No. 5) represents charge to filter and

"After Treat™ (Code No. 1) represents effluent product from
reclamtion filter.
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RECLAIM NO. S|
OEFORE TREAT AFTER TREAT

Figure 7. Comparative Coker Preheater Tubes for Reclaim No. 5
"Before Treat" (Code No. 8) represents charge to filter and

“"After Treat” (Code No. 1) represents effluent product from
reclamation filter.
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= Degxuded fuel 88 Tec4ived
u Traatad fuel imssdistely after reclamation filtretion
¢ - Trested fuel six months after reclammtion filtration
Figure 8. ggﬁgg = Reclaim ¥os. 6 Through 10

ASTI-CRC Comparstive Coker Ratings (%50/550/6)
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SCPORE TAZAT AFTERTRRAT

Figure 9. Cowparative Coker Preheater Tubes for Reclaim No. 6

"Before Treat" (Code No. 3) represents charge to filter and

"After Treat" (Code No. 1) represents effluent product from
reclamation filter.
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RECLAIM NO.. 7
AEFORE TREAT AFTER TREAT
i
- Figure 10. Comparstive Coker Prehesater Tubes for Reclaim No. 7
"Bafore Treat" (Code No. 6) represents charge to filter and
. "After Treat" (Code No. 1) represents effluent product from
; reclamtion filtsr,
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RECLAIM NO. g
PEFORE TREAT AFTER TREAT

Figure 11. Comparative Coker Preheater Tubes for Reclaim No. 8

"Before Treat" (Code No. 8) represents charge to filter and

"After Treat" (Code No. 1) represents effluent product from
reclamtion filter,
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Figure 12.

RECLAIM N9}
Tl eEPORE TREAT AFTER TREAT

Comprrative Coker Prehesater Tubes for Reclaim No. 9

"Before Treat" (Code Mo. 7) represents charge to filter and
YAfter Treat"” (Code No. 1) represents effluent product from
reclammtion filter,
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» RECLAIM NQ. 1O

)

OEFORE TREAT AFTER YORAY

Figure 13. Comparative Ccker Preheater Tubes for Reclaim No. 10

"Before Treat" (Code No. 3) represents charge to filter and
"After Treat" (Code No. 2) represents effluent product from
reclamation filter.
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A - Degraded fuel as received. A' - second run at close of contract.
B ~ Trasted fuel immediately after reclamation filtration

¢ « Tramted fuel six months after reclamtion filtration

Pigurs Jb. Thermal Stadility Data -~ Reclaim Nos. 1l Through 15

ASTR-CHC Compaiwtive Coker Ratings (450/550/6)
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RECLAIM NO. I
SEFORE TREAT AFTER TREAT
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Figure 15. Comparative Coker Preheater Tubes for Reclaim No. 11

- "Before Treat" (Code No. 8) represents charge to filier and
"After Treat" (Code No. 1) represents effluent product from
reclamation filter.
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i RECLAIM NO,2
BEPORE TREAT  AFTERTREAT

Comparative Coker Preheater Tubes for Reclaim No. 12

"Before Treat" (Code No. 8) represents charge to filter and

"After Treat" (Code NHo. 1) represents effluent product from
iexlamation filter.
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BEFORE TREAT AFTERTARAY -

Figure 17. Comparative Coker Prehester Tubes for Reclaim No. 13

"Before Treat" (Ccde No. 8) represents charge to filter and

"After Treat" (Code No. 1) represents effluent product from
reclemtion filter,
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RECLAIM NO. |4
DEFORE TREAT AFTER TREAT

Figure 18. Compa—ative Coker Preheater Tubes for Reclaim No. 1k

"Before Treat"” (Code No. 8) represents charge to filter and

"After Treat" (Code No. 1) represents effluent product from
reclamiion filter,
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RECLAIM NO. I8
BEFORE TREAT AFTER TREAY

Figure 19. Comparative Coker Preheater Tubes for Reclainm No. 15

"Before Treat" (Code No. 5) represents charge to filter and
“"After Treat"” (Code No. 1) represents effluent product from
reclamation filter.
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A - Degraded fuel as received. A' ~ second run at close of contract.
B ~ Treated fuel immediately after reclamation filtration

C - Treated fuel six months after reclamtion filtration

Figure 20. Thermal Stability Data ~ Reclaim Nos. 16 Through 19

ASTM-CRC Comperstive Coker Ratings (450/550/€)
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Figure 21, Comparative Coker Preheater Tubes for Reciaim No. 16

"Before Treat'" (Code No. 5) represents charge to filter and
“"After Treat" (Code No. 1) represents effluent product from
reclamation filter.
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Figure 22. Coapareative Coker Preheater Tubes for Reclaim No. 17
"Befoxe Treat"” (Code NMo. 8) represents charge to filter and

"After Treat" (Code No. 1) represents effluent product from
reclamtion filter.
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Figure 23.

Comparative Coker Preheater Tubes for Reclaim No. 18

"Before Treat” (Code No. 5) represents charge to filter and

“"After Treat" (Code No. l) represents effluent product from
reclamation filter.
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RECLAIM NO.i9j
EFORE TREAT AFTER TREAT
Figare 2k, Comparative Coker Preheater Tubes for Reclainm Mo. 19
"Before Treat" (Code No. g) represents charge to filter and
"After Treat"” (Code No. 1) represents effluent product from
reclamtion filter.
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Figure 25, Tracing Fungi Through Filtering Process
Hormodendrum Species
(Following 72-hours incubation)
KEY: Control: Petri dish containing sterile Sabouraud's medium
Petri 1: Inoculaved drum, JP-6 fuel (~250 colonies)
Petri 2: JP-6 fuel following chemical dryer section (~12 colonies)

Petri 3: JP-6 fuel following tae reclamation filter section
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OFTICAL MICROSCOFY SECTION

Photomicrographs, Figures 26 Through 29

Microscope: leitsz Triocular Ortholux Microscope
Cil immersion achromatic obJjective
with focal length of 1.9 mm

Camera: Leica M-l Body Camers
vith microattachment
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Figure 26. Typical Bacteria
Pseudomonas Species

Tetal magnification: 2450 X
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Figure 27. Typical Fungi
Hormodendrum Species

Total magnification: 1300 X
QAL
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Figure 28, Bacteria-Inoculated JP-6 Fuel in Charge Drum

Total megnification: 2450 X

:

Note intimate dispersion of bacterias throughout fuel sample,
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Figure 29. Chemical Dryer Effluent
Total magnification: 2450 x
24

Note bacterial clump in center of photograph.
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ELECTRON MICROSCOPY SECTION

Electronphotomicrographs » Figures 30 Through 232

Microscope: Phillips Model EM-T75
Continually variable mugnification of

1500 - 15,000 diameters, Resolving
povwer, 75 angstroms.

Camera: Phillips, 35-~mm
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Figure 30. Typical Bacteria
Paseudomonas Species

Total megnification: 7500 diameters

bl
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Figure 31, Typlcal Fungi
Hormodendrum Species

Total magnification: 7500 diameters
M
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Figure 32. Uninoculated JP-6 Fuel in Charge Drum
Total magnification: 7500 diameters
yhd
Note: 1. large spheres present due to collodion film.

2. Darkened areas due to inorganic and not
biologlical particles.
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Figure 33. Reclamation Filter Fffluent

Total magnification: 7500 diameters

b4,

Note: 1. Dark particle present due to serial contamination of grid.

LY

€. Cleanliness of fuel at this point,
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Figure 34.

3 P

Fungi from Top Entrance layer in Filter Media
(Optical Micrograph) Total megnification: 2450 X
> AL
| e |

Note fungi present at top of filter media,

55




Figure 35. Bottom Exit Iayer in Filter Media - Fungi Specimen

(Optical Micrograph) Total magnification: 1250 X
lOH

Note absence of fungi at bottom of filter media.
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Figure 36. Zacteria from Top Entrance layer in Filter Media

{Optical Micrograph) Total magnification: 1250 X
10 A4

P ——

Note presence of bacteria at top of filter med.a.
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Figure 37. Bottom Exit layer in FPilter Media - Bacteria Specimen
(Optical Micrograph) Total sagnification: 1250 X
10 M,

pr————

Note absence of bactaria in bottom aof filter media.
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Bacteria and Fungi

voker -

Inoculated Fuel Charge to

Figure 38.

1250 X

(Optical Micrograph) Total mgnification

and fungi in fuel charge to coker.

of bacteria

Note pres

59




RN

Figure 39. Coker Effluent from Inoculated Fuel - Bacteria and Fungi

(Optical Micrograph) Totul magnification: 1250 X
M 10££

Note presence of bacteria and fungi in fuel effluent frem ¢oKer.
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Effect of Biological Contaminant on Coker Preheater Tube
Note slight deposit st top of tube after inoculation.

After inoculation, preheater code No, 2
Before inoculation, preheater code No. 1
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Total Preheater Deposit Rating #
8

& 38

>
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>
?—-—-—.—— 1
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al8] 2

Control 1 2 3 b 5 6
Corrosion Inhibitor Code Namber

&

A - Control fuel with addition of corrosion inhibitor
B - Control fuel with addition of corrosion inhibitor, followed by reclamation riltretion

* The "™Total Prehester Deposit Ratirg' is defined as the sum of the code rating numbers on the
thirteen individual sections of the coker preheater tube as rated by the tuberator.

Figure 41. Effect of Corrosion Inhibitors on Coker Ratings at 450/550/6
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Table 1

Test Date on Redistiliation Fractions

Reclain No. 11 Reclaim No. 12

55% 5% 95% 5%
Qverhesd Regidue Qverhsad Residue

Coker (450/550/6)

Preheater, max code 3 ) 2 8

Diff. Pressure, in. Hg 0.3 >25 0.3 >25
Coker (450/550/6) Plus Reclamation Filter

Preheater, max code 1 ~- 1 -

Diff. Pressure, in. Hg 0.3 - 0.0 -
Metel Deactivator,

1bs/1000 bbls 0.95 16,7 0.83 4.9
Paraphenylenediamine#®,

1bs/1000 bbls Nil 1,05 Nil 0.70
Corrosion, copper strip

at 212 ¥ 3A iB 3A 1B
Copper, ppb Nil Lo i 80
Indene, ppm L6 900 865
lead, ppb Lo 5110 4333
Naphthalene, weight % 0.07 0.61 0.56
Nitrogen: Basic, ppm 1.9 11.5 6.5

Pyrrole, ppm G.2 C.k 0.3

Peroxide, ppm 1.68 16.64 11.60
Sodium, ppm 2.00 5.55 14,73
Sulfonate, ppm c.08 1.13 1.20

* Analyzed before readdition of antioxidant
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Code

Contractor

Fuel Code Ho.

Reclaim Xo.
Reclaism No,
Reclain No.
Reclaim No.
Reclainm No.
Reclair Xo.
Reclaim No.
Reclaim No,
Reclaim No.
Reclaim ¥o,

* Thermally Stable Jet Fuel, MIL-F

1
2

3
&
5
6
7
8
9

10

Table 2

Identification for Alr Force Furnished Puels

Air Force
Code

P6-6201
SF5-6202
8F6-6203
T8F -6206
8F6-6207
SF6-6208
SF6-6209
SF6-6213
SF6-6214
TSF-6312

ASTM~CRC Cokey
Breek Point 7 rature

Tpe  Febester, o s
JP-6 b2s 525
JP-6 has 500
JP-6 Les 500
#1SJF k25 500
JP-6 4254 525
JP-6 has+ 500
JP-6 koo 500
JP-6 has+ 525
JP-6 kas+ 525+
*PSJF koo k75

-25524A (USAF)
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Table 3

Code Identification for Contractor Blended Fuels

ASTM-CRC Coker

Contractor Break Point T rature
Fuel Code No, Source _T;pe  Preheater, °F em%{ez“?
Reclaim No. 11 Ashland Tk 76 JP-6 375 525
Reclaim No, 12 Ashland Tk 78 JP-6 375 550
Reclaim No. 13 50% Ash. Tk 78 JpP~6 425 575

504 Fresh JP-6
No additives

Reclaim No. 1k 50% Ash. Tk 78 JP-6 450 575
50% Fresh JP-6
With additives

Reclaim No. 15 50% Ash. Tk 78 #TSJIF h25 550
50% Fresh TSJF
With additives

Reclaim No. 16 50% Ash. Tk T8 Jp-6 375 500
50% Fresh JP-6
With anti~icing

Reclaim No. 17 10% Ash. Tk 78 Jp-6 500 525
90% Fresh JP-6
No additives

Reclaim No. 18 104 Ash. Tk 78 Jp-6 k50 575
90% Fresh JP-6
With additives

Reclaim No. 19 10% Ash. Tk 78 JP-6 450 575

90% Fresh JP-6
With additives

# Thermally Stable Jet Fuel, MIL-F-25524A (USAF)
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Table b

POt

Thermel Stability Data for Doctor Treated Kerosene

§ust

As Received gxo Treatnentz

L i ey SO NTEY TR
L Lo B

Coker Conditions Preheater L FP-Minutes
- 3R5/425/6 1111111311311 3.0-300
350/450/6 1111313111111 25.0-175
375/475/6 1311111112321 25,0263

?ollmrim Processing by Reclawrtion Fllter

Coker Conditions Preheater L P-Minutes
k00/500/6 1111131113111 0.3-300
. Lk50/550/6 1111311313311 0.0-300
k75/575/6 1111111233331 0.2-300

Note: The analysis of the original doctor treated kerosene (Table 5)
is representative of all the fuels used for the resesarch work
shown above.

n




Tatle 5

Analysis of Doctor Treated Kerosene

Gravity, °API 43.7
Distillation: IBP, °F 3k2
10% Evap., °F 354
50% Evap., °F 406
90% Evep., °F k60
EP, °F L8
Residue, volume ¢ 1
loss, volume % 0
Saybolt Color 25
Freezing Point, °F -56
Viscosity, cs at -30 F 8,26
Flash Point, °F 132
Gum: Existent, mg/100 ml 2.0
Potential, mg/100 ml 3.6
Water Tolerance: Interface 1
Vol. change 0
Water Separometcce: WSIM 89
Moisture, ppn 58
Net Heat of Combusticn, Btu/lb 18602
Aniliine-Gravity Prcduct 6297
Corrosion 1A
Sulfur: Mercaptan, weight % 0.001
Total, weight % 0.063
Doctor Test Sweet
Aromatics, volume % 12.3
Olefins, volume % 3.0
Smoke Point, nm 26
Naphthalene, weight % 2,02
Copper, ppb 8.8
Indene, ppm 3
Iron, ppm 0.05
lead, ppb 34.7
Nitrogen: Basic, ppm 1.8
Pyrrole, ppam 0.93
Peroxide, prm 0.89
Phenol, ppm K
Sapcnification Number 0.20
Sodium, ppm L.64
Sulfonate, ppm Nil
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Tadle 6

Physical and Chemical Tests on Fuels

Reclaim No. 1

Aged
Before After After
Treat Treat Treat
Gravity, °APT . 50.0
Distillation: IBP, °PF 290
10% Evap., °F 305
50% Evap., P 326
90% Evap., °F 360
EP, °F Lol
Residue, volume % 1.0
loss, volume % 1.0
Saybolt Color Yellow
Freezing Point, °F -70~
Viscosity, ¢s at ~4O F 3.70
Particulate Matter, mg/gnl, O.hk5, Filter 1.1
Gum: Existent, mg/100 ml 0.4 0.8
Fotential, mg/100 ml 2.1 5.4
Water Reaction Index 1
Water Separometer: WSI 82.3
W3S1IM 56.0
Moigture, ppm k8.0
Specific Heat at 300 F 0.612
Net Beat -of Combustion, Btu/lb 18,725
Aniline-Gravity Product ™75
Corrosion, copper strip at 212 F 1A
Sulfur: Mercaptan, vei % 0.0006
Total, weight 0.04k4
Doctor Test Sweet
Aromatics, volume % 9.5
Olefins, volume % 1.0 0.9
Smoke Point, ma 25,0
Naphthalene, weight % 0.25 0.10 0.06
Copper, ppb 35.0 50.0 k.0
Indene, ppm 61 9 3k
Iron, ppm 28 0.68
Lead, ppb 22.8 27.2
Nitrogen: Basic, ppm 2.1 1.9 0.6
Fyrrole, ppm 0.3 0.1 N1l
Oxygen, Dissolved, ppm 35.0
Peruxid=, ppm 1.50 0. hkh
Sodium, pp=m 2.39 4,85
Sulfonate, ppm 0.055 Ml

T3
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Table 6 (Continued)
Physical and Chemical Tests on Fuels

Reclaim No, 2
Aged
Before After After
Treat Treat Treat
CGravity, °API 49,8
Distillation: IBP, °F 290
m Evap-, °F 300
50% Evap., °F 316
90% Evap., °F 3y
EP, °F 384
Residue, volume % 0.5
loss, volume % 0.5
Saybolt Colbr - +30
Freezing Foint, °F =~TQ=
Viscosity, cs at kO F 3.52
Particulate Matter, mg/gal, 0.h54 Filter 1.1
Gum: Existent, mg/100 ml 0.2 0.2
Potential, mg/100 ml 2.1 z.8
Water Reaction Index 1l
Water Separometer: WSI 85.6
WSIM 57.0
Moisture, ppa 45,0 51.9
Specific Heat at 300 F . 0.612
Net Heat of Combustion, Btu/lb 18,625
Aniline-Gravity Product 652k
Corrosion, copper strip at 212 F JA
Sulfur: Mercaptan, weigtt % 0.0006
Total, weight 0.052
Doctor Test Sweet
Aromatics, volume % 8.2
Olefins, volume % 3.1 3.1
Smoke Point, mm 23.0
Kaphthalene, weight % 0.07 0.02 0.0
Copper, ppb 33.0 38.0 15.0
Indene, ppm ) 0 3
Iron, ppam 17 0.42
Lead, ppb .2 25.3
,itrogen: ESiC, Ppum 0-7 Q.O 703
Pyrrole, ppm 0.2 c.1 Nil ‘
Oxygen, Dissolved, ppm 32.5
Peroxide, ppm 0.50 0.4k
Sodium, ppu 0.00 3.00
Sulfonate, ppm 0.029 Ml
T4
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Table 6 (Continued)
Prysical and Chemical Tests on Fuels

Reclaim Mo, 3
Aged
Before After After
Treat Treat Treat
Grevity, *apx %9.8
Distilliation: IBp, *p 290
108 Evap., °F 304
50% Evap., °F 318
90% Evap., °F 3hk
EP, " 379
Residue, volume ¢ 1.0
Loss, volume 4 0.5
Saybvolt Color +30
Freezing Foint, °F ~70-
Viscosity, cs at 4o F 3.28
Particulate Matter, ng/gal, 0.45,4 Pilter 1.3
Gum: Existent, mg/100 ml 0.2 0.4
Potential, mg/100 m) 0.6 0.6
Water Reaction Index 1
Water Sepmrometer: wSI 8g.7
WSIM 58.0
Moisture, ppm 4.3 bs.6
Spécific Heat at 300 ¢ 8.612
Net Beat of Combustion, Btu/iv 18,623
Anfline~Gravity Product &k
Corrosion, copper strip at 212 F 1A
Sulfur: Mercaptan, weight % 0.0006
Total, veight 0.053
Deetor Test Sveet
Aromtics, volume % 10.5
Olefins, voluxe % 2.8 1.2
Smoke Point, mm 28.0
Mephthalene, veignt % 0.1k 0.0k 0.04
Copper, ppb 26.0 11.0 10.0
Indene, ppm 6 1 17
Iron, ppa 18.0 0.62
Lead, ppb i6.0 24,7
Nitrogen: Basic, Ppu 1.3 2.0 7.3
Pyrrole, ppm 0.2 0.2 Nl
Oxygen, Dissolved, ppm 31.7
Peroxide, ppm 0.80 0.20
Sodium, ppm 1.00 5.01
Sulfonate, ppm 0.110 Nil
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Table 6 (Continued)

Physical and Chemical Tests on Fuels

Reclaim o, &
Aged
Before After After
Treat Treat Treat
Gravity, °API 47.9
Distillation: IBP, °F 326
104 Evap., °F 340
50% Evap., °F 358
90% Evap., °F koo
Residue, volume % 1.0
loss, volume % 1.5
Lolt Color +23
Freezing Foint, °F ~80m
Viacosity, cs at <40 P 5.13
Particulate Matter, mg/gal, 0.454 Pilter 1.9
Gum: Existent, mg/100 ml 0.2 0.2
Potential, mg/100 ml 1.2 1.7
Water Reaction Index 1
Water Separometer: WSI 98,7
WSIM 36.0
Moisture, ppm 38.2
Specific Heat at 300 F 0.608
Net Heat of Combustion, Btu/lb 18,639
Aniline-Gravity Product 6658
Corrosion, copper strip at 212 F 1A
Sulfur: Mercaptan, weight % 0.0006
Total, weight 0.C:2
Doctor Test Sveet
Arommtics, volume % 1.7
Olefins, volume % 0.
Smoke Point, mm 27.0
Raphthalene, weight ¢ 0.29 0.04
Copper, ppd 28,0 12.5
Indene, ppm 5 33
Iron, ppm 0.61
Lead, ppb k,0
Nitrogen: Basic, ppm 3.8 Loy
Pyrrole, ppm 0.5 0.1 Nil
Oxygen, Dissolved, ppm 31.k
Pero.dde, ppm 1.70 1.50
Sodium, ppm 1.90
Sulfonate, ppm 0.110 Nil
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Tablie 6 (Continued)

e

.. FPhysicel and Chemical Tests on Puels

. Reclaim No. 5
- Aged
* Before After After
. Treat Treat Treat
- Grevity, °*API 50.2
Distillstion: IBP, °F 290
wa- m E\mp., 'F 305
‘ 50% Evep., °F 320
v 90% Evap., °F 366
. EP, °F b1k
Residue, volume % 0.4
loss, volume % 0.6
Saybolt Color +16
Preezing Point, °F =70~
Viscosity, cs st -0 F 3.59
Perticulate Matter, ng/gnl, 0.454 Filter 1.7
Gum: Existent, mg/100 ml 0.0 0.4
Fotential, mg/100 ml 2.0 1.6
Water Reactiorn Index 1
Water Separometer: WSI 83.9
WSIM k7.0
Moisture, ppm k.2
Specific Heet at 300 F 0.612
Bet Heat of Combustion, Btu/lb 18,6k6
Aniline~Gravity Product 6727
Corrosion, copper strip at 212 F JA
Sulfur: Mercaptan, wei ] 0.0006
Total, weight 0.021
Doctor Test Bveet
Arommtics, volume % 9.4
Olefins, volume % 0.7 c.8
Smcke Point, mm 30.0
Naphtbalene, weight $ 0.19 0.11 0.10
Copper, ppb 137.0 18.0 5.0
Indene, ppam 96 1k 37
Iron, ppm 0.28
lesd, ppo 10.8
Nitrogen: Basic, ppm 1.6 k.0 L.h
Pyrrcle, ppm 0.3 0.1 Nil
Oxygen, Dissalved, ppm 41,4
Peroxide, ppm 0.70 O.bk
Sodium, ppm 2.85
Sulfonate, ppm 0.005 Nil

17

’



Table 6 (Continuad,

Physical and Chemical Tests on Fuels

Reclaim No. 6
Aged
Before After After
Trens, Treat Treat
Gravity, “apI 49,7
Distillation: IRP, °F 290
10% Evap., °F {07
50% Evap., °F 312
Evap., °F 337
EP, °F 39%
Residue, volume % 0.7
loss, volume 4 1.3
Saybolt Color +30
Freezing Point, °F =7Om
Viscosity, cs at 40 F 3.31
Perticulate Matter, mg/gal, 0.k5y Filter 1.5
Gum: Existent, mg/100 m) 0.0 0.4
Potential, mg/100 ml 2.6 5.2
Water Reaction Index 1
Water Separometer: WSI 93.0
WSIM 51,0
Moisture, ppm 53.1
Specific Heat at 300 F 0.611
Net Heat of Combustion, Btu/ib 18,606
Aniline~Gravity Product 6337
Corrosion, copper gtrip at 212 F 1A
Sulfur: Mercaptan, weight % 0.0006
Total, weight ‘%h 0.023
Doctor Test Sweet
Aromtics, volum: ¢ iZ.1
Olefins, volume % 1.2 0.5
Smoke Point, mm 28.0
Naphthalene, weight % 0.12 0.02 0.21
Copper, ppb 15.0 25.0 3.0
Indene, ppm 8 0
Iron, ppm ' 0.38
Lead, ppb S.b
Nitrogen: Basic, ppm 1.1 2.0 by
Pyrrole, ppm 0.2 0.1 Nil
Oxygen, Dissolved, ppm 38.6
Peroxide, ppm 0.60 0.36
Sodium, ppm 0.76
Sulfonete, ppm 0.014 Nil
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Table 6 (Continued)

Physical and Chemical Testis on Fuels

Reclasm Bo. 7
r Agea
4 Before After After
Treat Tres _ Treat
g Gravity, °API 49.0
Distillation: IBP, °F 300
. 10% Evap., °F 311
50% Evap., °F 33k
90% Evap., °F 372
EP, °F L2
Residue, volume % 0.5
. loss, volume % 0.5
8aybolt Color +16
Freezing Point, °F 70~
Viscosity, cs at 4o F 4.27
Farticulate Matter, mg/gnl, 0.454 PFilter 2.2
Gum: Existent, wg/100 ml 1.0 0.8
Potential, mg/350 m) 1.0 1.4
Water Reaction Index 1
Water Separometer: WSI 99.7
WSIM 58.0
Moisture, ppm 368.2
Specific Heat at 300 P 0.610
Net Heat of Combustion, Btu/1b 18,632
Aniline~Gr:vity Product 6591
Corrosion, copper sirip at 212 F 1A
Sulfur: Mercaptan, vei % 0.0006
Total, veight 0.018
Doctor Test Sveet
Aromatics, volume % 11,6
Olefins, volume % 0.7 2.6
Smoke Point, rm 30.0
Baphthalene, weight § 0.39 0.17 0.17
Copper, ppb 146.0 €10.0 7.0
Indene, ppm 1ks o
Iron, ppm 128 0.72
lesd, ppb 19.9
Nitrogen: Basic, ppm 1.7 <1.0 '
Pyrrole, ppm 0.2 0.1 Nil
Oxygen, Dissol.ed, ppm 31.6
Peroxide, prm 0.20 0.53
S8odium, ppm 2,11
Sulfonste, pom 0.160 Nil




Table ¢ (Continued)
Physical and Chemical Tests on Fuels

Reclaim Wo, 8

Aged
Before After After
Treat Treat Treat
Gravity, ®API 4L8.8
Distillation: IRP, °F 304
10* Evap., °F 320
50% Evap., °P 340
90% Evap., °F 377
EP, °F bak
Residue, volume % 0.2
- loss, volume % 0.8
Saybolt Color +16
Freezing Point, *p ~-70~
Viscosity, ¢s at -40 F k,37
Particulate Matter, mg/gal, 0.454 Filter 1.0
Gum: Existent, mg/100 ml 1.8 0.2
Potential, mg/100 m1 3.0 3.5
Water Reaction Index 1
Water Separometer: WSI 86.0
WSIM 39.0
Moisture, ppuw 32,3
Specific Heat at 300 F 0.610
Net Heat of Coubustion, Btu/lb 18,635
Aniline~Gravity Product 6612
Corrosion, copper strip at 212 F by
Sulfur: Mercaptan, weight % 0.0006
Total, weight 0.022
Doctor Test Sveet
Aromatics, volume % 11.1
Olefins, volume % 0.8 0.7
Smoke Point, mm 29.5
Naphthalene, weight % 0.42 0.21 0,15
Copper, ppb 4kg.0 <€10.0 20.0
Indene, ppm g4 b1}
Iron, ppm 262 0.63
lead, ppb 19.1 27.8
Nitrogen: Basic, ppa 1.9 1.0 &,
Pyrrole, ppm 0.3 0.1
Oxygen, Dissolved, ppm 38.2
Peroxide, ppm 0.60 0.4y
Sodium, ppm 0.00
Sulfonate, ppm 0.1680 0.002




Table 6 (Continued)
Physical and Chemical Tests on Fuels

Recliaim No, 9

Aged
Befare After After
Treat Treat Treat
Gravity, *API 9.k
Digtillistion: IBP, °F 300
10% Evep., °F 31k
50% Evap., °F 332
90% Evap., °F 370
EP, °F koo
Residue, velume % it
Lloss, volume % 0.6
Saybolt Coler +16
Freezing Point, °F ~70-
Viscoslity, cs at =40 F 5.09
Particulate Matter, mg/gal, 0.454 Filter 3.2
Gum: Existent, mg/100 ml 1.2 0.2
Potential, mg/100 ml 1.0 1.9
Water Reaction Index 1
Water Separometer: WSI 86.3
WSIM 37.0
Moisture, ppm 38.2
Specific Heat at 300 F 0.611
Net Heat of Combustion, Btu/lb 18,638
Aniline~Gravity Product 66k
Corrosion, copper strip at 212 F 1A
Sulfur: Mercaptan, vei % 0.0006
Total, weight 0.019
Doctar Test Sveet
Aromatics, volume % 11.4
Olefins, volume % 1.1 0.9
Smoke Point, mm 30.0
Waphthalene, weight % 0.29 0.18 0.09
Copper, ppb 48.0 ¢10.0 11.3
Indene, ppm 95 8
Iron, ppm 90 0.72
Lead, ppb 16.3 25.3
Nitrogen: Basic, ppm 2.1 1.0 3.5
Pyrrole, ppm 0.3 Q.1
Oxygen, Dissclved, ppm 40.3
Peroxide, ppa 1.42 0.36
Sodium, ppm 2.05
Sulfonate, ppm 0.000 Nil




Table © (Continued)
Physical and Chemical Tesats on Fuels

Reclaim No. 0

Agc
Before Afte: After
Treat Treat Treat
Cravity, °API 47.6
Distillation: IBP, °F 316
10% Evap., °F 332
50% Evap., °F 358
9% Evap., °F 390
EP’ OF h‘?o
Residue, volume % 0.3
Loss, volume % 0.7
Saybolt Color +28
Freezing Point, °F -80~
Viscosity, cs at -40 F 5.53
Particulate Matter, mg/gal, O.454 Filter 2.1
Gum: Existent, mg/100 ml 0.8 0.k
Potential, mg/100 ml 1.4 5.8
Water Reaction Index 1
Water Separometer: WSI Th.3
WSIM 28.0
Moisture, pp. 53.9
Specific Heat at 300 F 0.607
Net Heet of Combustion, Btu/lb 18,628
Aniline-Gravity Product 6545
Corrosion, copper strip at 212 F 1A
Sulfur: Mercaptan, weight % 0.0030
Total, weight % 0.025
Doctor Test Sour
Aromatics, volume % 12.8
Olefins, volume % 0.7 0.8
Smoke Point, 28.0
Naphthalene, veight % 0.81 0.13 0.27
Copper, ppb 13.0 13.0 10.0
Indene, ppm 38 16
Iron, ppm 59 1.1
Lead, ppb 22.0 25.3
Nitrogen: Basic, ppm 1.7 1.0 53
Pyrrole, ppm 0.2 0.1
Oxygen, Dissolved, ppm 37.7
Peroxide, ppm 1.36 0.4k
Sodium, ppm 0.65
Suifonate, ppm 0.054 0.062




Tabls 6 {(Continued)

Physics)l and Chemical Tests on Fuels

Reclais ¥o. 11

Grevity, “API
Distillstion: IBP, °F
. m Evap., °r
50% Evap., °F
90% Evap., °F
EP, °F
Residue, volume %
loss, volume %
Saybolt Color
Freezing Point, °F
Viscosity, cs at -40 F
Particulate Matter, mg/gml, 0.8 A« Filter
O.454 Filter
Gum: Existent, mg/100 mi
Potential, xg/100 ml
Water Reaction Index
Water Separometer: WSI
WSIM
Moisture, ppm
Specitic Heat st 300 F
Net Heat of Combustion, Btu/lb
Aniline-Gravity Product
Corrosion, copper strip et 212 P
Sulfur: Mercaptan, ve
Total, weight
Doctor Test
Aromtics, volume %
Clefins, volume %
Smoke Point, m=
Naphthalene, veight %
Copper, ppb
Indene, ppm

Fyrrole, ppm
Oxygen, Dissolved, ppm
Peroxide, ppm
Sodium, ppm
Sulfomate, ppm

Aged
Before After After
Treat Treat Treat
k6.5 46,5
330 325
340 33h
355 356
376 378
k16 k12
0.5 1.2
1.0 1.3
+15 +30
~70~ &0~
3¢52 4,99
203 halind
7.6 3e5
O0.h 0.6 0.2
4.3 2.8 1.2
i 1
8.3 89‘3
27.0 55.0
36-0 28.8 16.3
0.607 9,605
18,615 18,604
6h26 631k
3B 1B
0. 0006 0.0006
0.016 0.020
Sweet Sveet
11.7 i2.6
3. 1.5
23.0 2.0
0.11 0.11 0.19
30.0 9.0 12.5
80 51 62
0.32 0.002
5546 2.5 51.i#
3.0 5.0 5.9
0.30 0.00 0.21
2.6 46,0
3.0 3.60 0.98
1.86 2.08 1.49
0.507 0.100 0.000

* Lesad content is abnormmlly high because of using tin coated storsge cans.
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Table 6 (Continued)
Physical and Chemical Tests on Fuels

Reciaim Fo. 12

Aged
Before After After
Treat Treat Treat
Gravity, °API 46.5 46.5
Distillation: IBP, °F 322 32k
10% Evap., °F 340 340
50% Evap., °F 354 356
90% Evep., °F 376 378
EP, °F k12 Lo1
Residue, volume % 0.7 1.2
loss, volume % 1.3 0.8
Saybolt Color +15 +30
Freezing Point, °F =70~ -850~
Viscosity, cs et 40O F 5.30 k.84
Particulate Matter, mg/gal, 0.8, Filter 13.2 -
O-k% Filter 15‘1 109
Cum: Existent, mg/100 ml 0.2 0.6 0.2
Potential, mg/1C0 ml 1.2 2.9 1.6
Water Reaction Index 4 1
Water Separometer: u5I 1i5.6 70.3
WSIM Li.0 50.0
Moisture, ppm 62.6 40.5 25.5
Specific Heat at 300 F 0.607 0.605
Net Heat of Combustion, Btu/lb 18,615 18,604
Aniline-Gravity Product 6h26 6314
Corrosion, copper sirip at 212 F 3B JA
Sulfur: Mercaptan; weight % 0.0006 0.0006
Total, vweight % 0.018 0.023
Doctor Test Sweet Sweet
Aromtics, volume % «05 1301
Olefins, volume % 2.8 1.
Smoke Poini., mm 23.0 2k .0
Naphthalene, weight % 0.11 0.10 0.17
Copper, ppd 25.0 k9.0 7.0
Indene, ppm 85 56 56
Iron, ppm 0.k0 0.02
lead, ppv L68 7.5 50,6%
Nitrogen: Pesic, ppm 3.0 2.0 9.9
Pyrrole, ppm 0.59 0.20 0.00
Oxygen, Dissolved, ppm k8.5 38.9
Peroxide, ppm 3.k0O 2,90 2.71
Sedium, ppm 1.69 1.88 1.51
Sulfonate, ppm 0.356 0.110 0.030

# Lead content 18 abnormally high because of using tin coated storage cans.
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Table 6 (Continued)

PRUS
PRI

Frysiceal and Chemical Tests on Fuels

g Reclaium No. 13
I s
2 Before After After
Treat Treat Treat
i Gravity, “API k6.9 6.9
Distiliation: IBP, °F 312 334
- 10% Evap., °F 336 3k0
. 50% Evap., °F 351 352
- 90% Evap., °F 37k 3Tk
EP, °F 396 k16
- Residue, volume % 1.0 1.0
;. loss, volume % 1.0 1.0
Saybolt Color +22 +30
Freezing Point, °F 70~ -80-
Viscosity, cs at -BO F : 5.19 5.37
Particulate Matter, mg/gal, 0.h5, Filter 6.8 3.0
Cum: Existent, mg/100 ml 0.4 0.2 G.2
Potential, mg/100 ml 3.9 1.9 1.0
Water Resction Index 1 1
Water Separometer: W31 6.6 g97.6
WSIM 23.0 5.0
Moisture, ppm 38.7 26.8 27.5
Spe:ific Heat at 300 F 0.606 0.606
Net Hest of Combustion, Btu/lb 18,613 18,604
Ar.line=-Gravity Product 6402 6322
Corosion, copper strip at 212 F JA iB
Suifur: Mercaptan, we % 0.0006  0.0006
Total, veight 0.039 0.0k
Doctor Test Bweet Sveet
Aromstics, volume % 10.7 13.0
Oletins, volume % 2.5 1.8
Smok: Solvt, me 26.0 26.0
Naphthalene, veight % 0.08 0.08 0.12
Copper, pPpd 26.0 7.0 10.0
Indene, ppm bh 25 30
Iron, ppm 0.28 0.0k
Lead, ppb 109 5.0 55.1%
Kitrogen: Basic, ppm <1.0 <1.0
Pyrrole, ppm 0.50 0.30 0.02
Oxygen, Dissolved, ppm 34,5 50.3
Peroxide, ppm 1.22 0.89 0.62
Sodius, pym 3.59 1.12 5.31
Sulfomate, ppm G.132 0.000 0.005

# Lead content is abnoramlly high because of using tin coated storege cans.




Table & {(Continued)
Physical and Chemical Tests on Fuels
Reclaim No. 14
Aged

Before After Aftex
Treat Treat Treat

Gravity, ®API 46.9 b7.1
Distillation: IBP, °F 318 323
10% Evap., °F 336 336
50% Evap., °F 351 3%
90% Evep., ‘F 37Tk 373
EP, °F kol 3gh
Regidue, volume % 0.5 1.0
loss, volume % 1.5 1.0
Saybolt Color +22 +25
Freezing Point, °F -70~ ~80-
Viscosity, c¢s at =4O F 5.13 5.39
Particulate Matter, »g/gal, 0.454 Filter 1.5 3.0
Cum:Existent, mg/100 ml 0.6 0.2 0.k
Potential, mg/100 ml 2.7 1.0 1.0
Water Reaction Index i 1
Water Separometer: WSI 557 97.3
WSIM 28.0 6.0
Moisture, ppm k4,7 2.0 23.5
Specific Heat at 300 F 0.606 0.606
¥et Heat of Combustion, Btu/1d 18,613 18,607
Aniline~Gravity Product 6402 6359
Corrosion, copper strip at 212 F 1A 1B
Sultur: Mercaptan, vei % 0.0006 0.0006
Total, weight 0.035 0.009
Doctor Test Sveet Syeet
Aromatics, volume § 13.1 12,0
Olefins, volume % 1.6 1.9
Smoke Point, mm 27.0 25.0
Maphthalene, veight % 0.08 0.08 0.09
Copper, ppb 27.0 3.0 5.0
Indene, prm L8 20 2
Iron, ppm 0.41 0.k0
Iﬂd: ppb m-B 20.0 51.9‘
Nitrogen: Basic, ppm <1.0 1.0
Pyrrole, ppa 0.0 0.10 0.00
Oxygen, Dissolved, ppam 3k.5 48.6
Peroxide, ppm 1.22 0.71 0.62
Sodium, ppm 0.72 0.66 k.36
Sulfonate, ppm 0.129 0.000 0.000

# Lead content is abnormlly high because of using tin coated storage cans.
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Table 6 (Cont.inued)
Fhysical and Chemicei Teats on Fuels

A g
LT e

g Reclaim Ko, 15
i’ Aged
Before After After
Troat Treat Treat
z Gravity, °API 46.9 k7.0
- Distillation: Inp, ‘v 322 329
- Evap., °r 336 336
deo P,
EP, *r Lok 508
i Residue, volume & 1.0 1.0
b Loss, volume % 1.0 1.0
Saybolt Color +22 +30
Freezing Foint, °r ~80- -80-
Viscosity, cas at 40 » 4.87 5.30
Particulate Matter, mg/gal, 0.k5, Filter 4.9 2,0
Gun: Existent, mg/100 m1 2.4 0.4 0.4
Potential, mg/100 ml 3.7 1.3 1.3
Water Resetion Index i 1l
Water Separometer: wsI 20.9 93.9
mm 2200 heoo
Noisture, ppm k2.1 18.6 18.4
Specific Heat at 300 F 0.606 0.606
Fet Heat of Combustion, Btu/1d 18,615 18,607
Auiline-Gravity Product 6425 6345
Corrosion, copper strip at 212 ¥ 1A ip
Sulfur: Merceptan, veignt % 0.0006 0.0006
Total, veight 0.03% 0.020
Doctor Test Sweet Sweet
Aromtics, volume % 10.8 13.6
Olefins, volume 4 2.6 1.6
Smoke Point, mm 27.0 27.0
Wophthalene, weight ¢ 0.08 0.08 0.08
com' » 33.0 <10,0 15.0
> Ppm 33 33
Iron, ppm 0.9 0.77
lead, »pd 37.8 8.5 22.2%
o Nitrogea: Msic, ppm 2.0 3.0 3.0
! Fyrrols, ppm 0.10 0.10 0.00
Cxygen, Dissolved, ppa 27.6 k0,1
de, ppa 1.06 0.71 0.58
Sodiun, ppm 2,05 2,6k 7.59
- Sulfonate, ypm 0.177 0.000 0.000

*load contert is sbnormlly high becauss of using tin coated storege cans.
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Table € (Continued)

Physical and Chemical Tests on Fuels

Reclaim No. 16

Aged
RBefore ter After
Trest Treat Treat
- Gravity, °API 6.9 k7.1
Distillation: IBP, °F 322 332
104 Evap., °F 338 338
50% Evap., °F 352 352
904 Evap., °F 370 37h
EP, °F 408 394
Residue, volume % 0.5 1.0
loss, volume % 0.5 1.0
Saybolt Color +27 +30
Freezing Point, °F ~70- ~80=
Viscosity, cs at -0 F 5.23 £.32
Particulate Matter, mg/gal, O.h5, Filter 2.3 1,2
Gum: Existent, mg/100 ml 0.6 0.8 0.6
Potential, mg/100 ml 1.8 3.7 1.b
Water Reaction Index 1 1l
Water Seperometer: WSI 55,6 92.9
WSIM 26.0 46.0
Moisture, ppm 4.4 36.9 23.5
Specific Heat at 300 F 0.606 0.606
Net Heat of Combustion, Btu/lb 18,610 18,612
Aniline-Gravity Product 6378 6391
Corrosion, copper strip at 212 F 1A 2A
Sulfur: Mercaptan, weight % 0.0006 0.0006
Total, weight % 0.02k 0.020
Doctor Test Sveet Sweet
Aromatics, volume % 1.7 12.7
Olefins, volume % 1.7 1.
Smoke Point, mm 28.0 25.0
Raphthalene, weight % 0.07 0.08 0.12
Copper, ppb 30.0 <10.0 30.0
Indene, ppm Lk 23 28
Iron, ppam 0.40 0.83
lead, ppdb ®.0 5.1 24,7
Nitrogen: Basic, ppm <1.0 6.5
Pyrrole, ppm 0.00 0.00 0.00
Oxygen, Dissolved, ppm 25.8 39.4
Peroxide, ppm l.22 0.89 0.67
Sodium, ppm 3.08 1.67 6.99
Sulfonate, ppm 0.183 0.000 0.009
#1le:d content is abnormally high because of using tin coated stcrage cans.
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"able & {(Continued)

Fhyaical and Chemical Tests on Fuels
Reclain Ko, 17

Gravity, “API
Distillation: IBP, °F

Saybolt Color
Freezing Point, P
Viscosity, cs at- <40 F
Particulate Matter, mg/gal, O.h5y Pilter
Gum: Existent, mg/100 ml
Fotential, mg/100 ml
Water Reaction Index

Water Separocmeter: WSI

WSIM

Moisture, ppm
Specific Heet at 300 F
Net Heat of Cosbustion, Btu/lb
Aniline-Gravity Product
Corrosion, copper strip at 212 F
Sulfur: Mercaptan, veight %

Total, weight
Doctor Test
Aromatics, volume %
Olefins, volume %
Smoke Point, m=
Naphthalene, veight %
Copper, ppo
Indene, ppm
Iron, ppm
lead, ppd
Nitrogen: DBasic, ppm

Fyrrole, ppm

Oxygen, Dissolved, ppm
Peroxide, ppm
Sodium, ppm
Sulfonate, ppm

Aged
Before After After
Treat Treat Treat,
k8.1 k8.0
32k 326
332 33
32 343
366 366
k06 388
1.0 1.0
0 * 0 lt o
+30 +30
~80- -80-

S5:21 4.96

3.4 2.7

0.4 0.4 Ok
1.6 0.6 1.1
1 1

71.9 99.7

35.0 50.0

36.4 38.2 21.hb
0.608 0.608

18,633 18,626

6595 6528

1a 1B

0.0006 0.0006

0.023 0.015

Sveet Sweet

9.5 10.7

1.7 1.5

25.0 27.0

0.15 0.06 0.10
33.0 <10.0 22.5
16 7 13
0.06 0.22

L9.7 27.9 22.2
<1.0 2.8 3.0
0.30 0.30 0.00
39.6 k7.1

2.84 0.71 0.62
1.79 0.97 5.06
0.039 0.000 0.000



Table 6 (Continued)
Pnysical and Chemical Tests on Fuels

Reclaim No. 18

Aged
Before After After
Treat Treat Treat
Cravity, °API L7.4 47,2
Distiliation: IBP, ¥ 328 33C
10% Evap., °F 336 336
50% Evap., °F 346 348
$0% ¥vap., °F 368 370
EP, °F Loy L10
Residue, volume % 1.C 1.0
lcss, volume % 0.0 1.0
Sayboli Color +29 +25
Freezing Point, °F -50 - -80-
Viscosity, cs at 40 F 5.23 5.11
Particulate Matter, mg/gal, O.h54y Filter k.9 1.9
Cum: Existent, mg/100 ml G.h4 0.4 0.2
Potential, mz/10C ml 2.0 1.0 1.1
Water Reacstion Index 1 1
Water Separcmeter: WSI 35,0 98.3
WSIM 27.0 30.0
Moisture, ppm k2,0 3.7 22.4
Specific Heat at 300 F C.606 0.606
Net Heat of Combustion, Btu/lb 18,621 18,615
Aniline-Gravity Product ok8lL 6h19
Corrosicon, copper strip at 212 F 1A 1A
Sulfur: Mercaptan, weight % 0.0006 0.0006
Totel, weight % 6.021 0.018
Doctor Test Sweet Sweet
Arometics, volume % 11.9 11,6
Olefins, volume % 1.5 1.5
Smoke Point, mm 25,0 2€.0
Naphthalene, weignt % 0.10 0.06 0.06
Copper, ppb 19.0 ¢10.0 20.0
Indene, ppm 23 12 12
Iron, ppm 0.3k 0.22
Lead, ppb 52.7 L.6 21,5%
Nitrogen: Basic, ppm 2.5 3.0 3.0
Pyrrole, ppm 0.30 0.30 0.00
Oxygen, Dissolved, ppm L7.9 36.3
Peroxide, ppm 0.89 0.71 0.R2
Sodium, ppm 0.68 0.72 5.06
Sulfonate, ppm 0.035 0.005 0,000

* lead content is abnormally high because of using tin coated storage cans.

9
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Table 6 {Continued)

Fhiysical and Chemical Tests on Fuels

Recleim No. 19

Gravity, “API

Distillation: IBP, °F
10% Evap., °F
50% Evap., °F
% EWPO’ °F
EP, °F

Residue, volume ¢
loss, volume %

Saybclt Color

F1z2ezing Point, °F

" Viscosity, cs at -4O F

Particulate Matter, mg/gal, 0.45,, Filter
CGum: Existent, mg/100 ml
Potential, mg/I00 ml
Water Reaction Index
Water Separoneter: WSI
WSIM
Moisture, ppm
Specific Heat at 300 F
Ret Heat of Combustion, Btu/lb
Aniline-Gravity Product
Corrosion, c¢opper strip at 212 F
Sulfur: Mercaptan, veight %
Total, vweight
Doctor Test
Aromtics, volume %
Olefins, volume %
Smoke Point, mm
MNephthalene, weight %
Copper, ppb
Indene, ppm
Iron, ppm
Lead, ppd
Nitrogen: Basic, ppm
Fyrrole, ppm
Oxygen, Dissolved, ppm
Peroxide, ppm
Sodium, ppm
Sulfcnaves, pp=

Aged
Before After After
Treat Treat Treat
§7.3 47,2
326 328
334 336
3hb 7
368 370
Lo3 Ri4
1.0 1.0
1.0 1.0
+27 +25
~80- -80-
5.31 5.12
4.5 2.9
0.2 0.2 0.4
1.7 3.8 1,0
1 1
79.1 99.9
22,0 50.0
3b.4 29.1 53.0
0. 0.606
18,620 18,616
6471 6429
JA 1A
0.0006 0.0006
0.017 0.027
Sweet Sveet
11.0 11.9
1.7 2,
25.0 26.0
o.11 0.07 0.0k
43.0 <10.0 5.0
18 4 1k
0.62 0.02
48.3 5¢2 24,7
1.5 2.5 1.5
0.30 c.30 Nil
51.1 33.4
0.71 0.89 0.31
.92 0.88 32.00
0.000 0.010 0.005

* Jead content is abnorsally high because of using tin ccated storage cans.

1




Table 7

Growth Characteristics of Bacterisa

Pgeudomonas Species

Bacterial Designation, Culture Media, Culture Media, Growth

University of Deyton University of Dayton Contractor Rate
B-4O B. Haas slant; JP-4 B. Baas liquid; JP-6 Prolific
B-hO TSA slant B. Heas liquid; JP-6 Moderate
B-kO TSA slant Nutrient broth Slight
B-lLk B. Heas slant; JP-4 B. Haas liquid; JP-6 Prolific
Bk TSA slant B. Haas liquid; JP-6 Slight
B-L4 TSA simnt Nutrient broth Slight
B-5k B. Haas slant; JP-4 B. Haas liquid; JP-6 Prolific
B~5k TSA slant B. Haas liquid; JP-6 Prolific
B-5hL TSA slant Rutrient broth Prolific
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i Table 8
Growth Characteristics of Fungi

g

P

Fungal Designation, Culture Media, Culture Medis, Orowth
B University of Dayton University of Deyton Contractor Rate
B-29 Sab. agar siant B. Bams; JP-6 Slight

B-29 Sab. sgar slant Sab. liquid Prolific

B35 BSab. sgar olant B. Haas; Jp-6 Moderate

B~55 Sab. agar slant Sab. liquid Moderate

Notes: B-29 ig Cladosporium resinae f. avelianeum,
B-55 is Hormodendrum hordei.
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Table 9
Sample Schedule for Biclogical Resesrch

8tandard Reclammtion Filter

Inoculated Folloving FPollowing
Control Drum Chemical Dryer Reclapntion Filter
X X 1 gallon through 1 gallon through
5 ganllons through 5 gallons through

15 galions through 15 gnllons through

Notes: Column size of chemical dryer: 0.5 inch x 60 inches

Column size of reclamation filter: 1.0 inch x 96 inches




R U A T St T Lo

L X3

PyrE—

3

BB,
LR

» wrmensd

@y ey

Table 10

Amalysis of Extract Removed from Filter Medis

Constituents Rewoved
M_

Metal Deactivator
Naphthalene
Sodium

Tend

Indene
Paraphenylenediaxine
Sulfaonate

BPasic Nitrogen
Iren

Pyrrole Ritrogen
Copper

1.38 0.30 0.25
G.53 0.47 0.26
0.099 0.01k 0.011
0.086 0.084 0.056
0.051 0.025 0.017
0.042 0.0008 Nil
0.00k7 0.0011 Nil
0.0018 0.0002 Ril
0.0015 0.0015 0.0019
0.,0002 Nil Nil
0.00012 Kil Fil
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Tadble 11
Anelysis of (rease Synthesirzed and Retained

Constituents Meight ¢ _Ppm_
Apparent Naphthalene 8.00
Sulfur 2.87
Indene 1.3k 13400
Sulfonate 0,078 7
Paraphenylenediand ne 0,063 629
Metal Deactivator 0.027 2712
Peroxide 0.027 266
Iron 0.020 200
Lead 0.017 172
Copper 0.0017 17.5
Saponification Musber 0.0 (Neutral)
Ash Content 23.68

Total Analyzed Contaminants 12. 44




Table 12

"3

Effect of Petrolsum Sulfonates on Thermal Stability

3
.ﬁ‘

Reclaim Bo. 12 (Plug Filtration)
M

Coker Conditions —Lreheater Diff. Pressure, in. Eg
i,25'7 5/6 ERNS SN ALEER D] 0.0
- hso 550/6 11331211111 9.0
) Lk75/575/6 1113311113223 0.0

el o B LSRRI B mgmer
hias |

7

Modified Water Separometer (wsIM): 98.0

Reclaim No. 12 (Pius 2 ppm Petroleum Suifonate then
Plus Filtration)

Coker Conditions Preheater Difr, Pressure, in. He
475/575/6 1111111113223 0.0

Modified Water Separometer (WSIM): 99.0

Reclaim No. 12 (Piug Filtration then
Plus

2 ppm Petroleum Sulfonate)

Coker Conditions Preheater Diff, Pressure, in, Hg
M‘-
k75/575/8 1113313311112 0.0

Modified Water Separometer (WwsIM): 23.0

Reclaim No. 12 (Piug 0.5 ppm Petroleum Sulfonate then
e — Plug Piltration)

Modified Water Separometer (WSINM): 98.0

Reclaim No, 12 (Plus Filtration then

B ———— Plus 0.5 ppm Petroleum Sulfonate)

Modified Water Separcmeter (WwsIM): 53.0



Table 13

Effect of Peroxides on Thermal Stability

Preheater, mex code

Puel 450/ 550/6
1 JP~6 with no treatment 1
2 JP-6 plus 10 ppm benzoyl peroxides 3
3.+ Fuel 2 inoculated and filtered 1
Table 1b4

Efrect of Indenes on Thermal Stability

Preheater, max code

Fuel 450/550/6
1 JP-6 with no treatment 1
2 JP-6 plus 25 ppm indenes i
3 Fuel 2 inoculated and filtered 1
98
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Table 15

Effect of Eaphthenic Acid on Thermml Stability

Operating
——Ixohtuent == Conditions Preheater
with no treatment 450/550/6 1111111131111
Control, JP-6
with no treatment 15/575/6 1111111123331
JP-6 plus 1 ppm
paphthenic acid b50/550/6 1111131132221
JP-6 plus 3 ppm
papithenic acid 450/550/6 1111111433331
JP-6 plus 5 ppm
papisthenic acid 450/550/6 1111223366443
JP-6 plus 5 ppm
mphthenic acid
then reclamstion
filtration 450/550/6 1113311131113
Second run for
confirmation 450/550/6 1111111333111

Ditf. Pressure,
in. Hg

0.0

0.1

0.3

c.0

0.0

Notes: The last run wvas & duplicate of the preceding run to confirm
that filtration removes naphthenic mcid and therefore

rebabilitates the fuel.

All treatments were made with the same JP-6 jet fuel.
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Table 16

Removal of Elemental Sulfur by Reclamation Filtration

Corrosion, copper ASTM-CRC Coker

Fuel Type of Reclamation strip at 212 F Conditions Preheater
A Control, no treatment 3B 4L00/500/6 1111111134554
A Filtration through 0.0ly Millipore filter 3B 400/500/6 1111111178876
A Filtration through 30/60 clay 3B 400/500/6 1111211133543
A Standard reclamation filtration 1A 400/500/6 1111111111111
B Control, no treatment 3B 575/650/2.5 111111123455k
B Standard reclamation filtration 1A 575/650/2.5 1111111112221
Notes: The comirol samples with no treatment gave positive identification of the presence of

elemental sulfur by the mercury test.

The standard reclamation filtered samples gave negative results for elemental sulfur

by the mercury test.
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Table 17

-~ Phenol Conient (ppm) Before snd After Filtration
%‘: Reclaim No. Before Treat After Treat
: 1 250 10.0
E_i; 2 ko 0.0
o 3 35 0.0
b - 0.0
5 290 0.0
6 €3 0.0
T 320 0.0
8 315 12.5
9 285 10.0
10 250 15.5
1 5.0 16.0
12 5.0 8.0
i3 4,0 +0
1k 6.0 2.0
15 6.0 0.5
16 2.0 G.0
17 0.0 0.0
18 0.0 0.0
19 0.0 8.0

Hote: The before treat results represent phenol content
on fuel saxples pricr to filtration. The after
treal resulis represent phenol coanteant on the fuel
sa..pies after filtration.
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Table 18

Additlve Content Before and After Reclametion Filter

Paraphenylenediamine Metal Deactivmtor,

Antioxidant, 1bs/1000 bbl __1bs/1000 bbl
Reclaim No. Before \[ter Befrre After
b Nil 0.C0 2.69 0.00
2 G.35 0.00 Nil 0.00
3 6.98 0.00 5.88 0.00
Lt 7.36 0.35 1.40 0.00
5 0.87 0.00 1.54 0.00
) 2.4 0.00 Nil 0.00
7 Nil 0.00 2.27 0.00
8 0.1i7 ¢.00 2.36 0.00
9 1.05 0.00 1.82 0.00
10 Nil 0.00 1.01 0.00
11 2.27 0.00 0.33 0.00
12 7.33 0.00 1.42 0.07
13 1.57 0.00 0.93 0.00
1k 7.86 0.00 1.83 0.07
15 weiS 0.00 1.46 0.16
16 1.80 0.35 0.94 0.30
17 1.40 0.00 0.40 0.02
18 2.79 0.00 2.50 0.00
19 2.27 0.00 1.10 0.00
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Table 19

Detailed Thermal Stability Data for Corrosion Inhibitor Treated Fuels

Corrosion Inhibitor Diff. Pressure,

got

Ireating Sequence Code No. Preheater in. Hg
1, Filtered only Control 1111311112111 0.0
l. Filtered, 2. Corrosion inhibited 1 1111111323454 0.2
1. Fiitered, 2. Corrosion inhibited 2 1111131136555 0.0
1. Filtered, 2. Corrosion inhibited 3 1111112234554 0.4
1. Piltered, 2. Corrosion inhibited N 1111115566663 0.0
1. Filtered, 2. Corrosion inhibited 5 1111111111111 0.0
1. Filtered, 2. Corrosion inhibited 5 1111113111223 0.5
1. Filtered, 2. Corrosion inhitited 6 111111234442] 18.2
1. Corrosion {nhibited, 2. Piltered 1 1113111113122] 0.0
1. Corrosion inhivited, 2. Filtered 2 1111111122221 0.0
1. Corrosion inkibited, 2. Filtered 3 1111111132111 0.0
1. Corrosion inhibited, 2, Filtered b 1111111113222 1.1
1. Corronion inhibited, 2, Filtered 5 1111311123332 0.0
l. Corrosion inhibited, 2. Filtered 6 1111111111332 G.1

Noter: Fuel uged throughout: Reclaim No, 11
ABTM-CRC coker conditions used throughout: 450/550/6

Military approved corresion inhibitors: minimum allowable concentration




Teble 20

Lube 011 Additive Anmlysis Yy Infrared

4 lube Additive

Run Before Trest Af-er Treat
3 0.024 0.0
2 0.022 0.0
Table 21

Effect of Antistatic Additive on Thermal Stability

Preheater, Diff. Pressure,

Fuel max code in. Ag
1l JP-6 with no additives 1l 0
2 Fuel No. 1 with antictatic sdditive 3 1.2
3 Fuel No. 2 arfter reclamation filter 1 0
Table 22

Recommended Fuel Filow Rates for Filtration Unit

Pressure Drop. lbs/in?

Fuel Vigcosity Max Flow Rate, Filter Bed Depth

- Type at 77 F, cs gals/hour/fte Bft, 16 ft. 24 ft.

i

N JP-4 0.921 40O 8 19 28
JP-6 1.326 375 i2 28 k2
JP-5 2.14%2 350 21 kg Th

Diesel 3,109 315 28 65 37
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Appendix I
Detailed Thermal Stability Data for Reclaimed Fuels

ASTM-CRC Comparative Coker Ratings {450/55G/6)

Reclainm No.

Preheater
A B C
1311235666664 1111133113131 1111311131313
1313111113335 1131131131311111 1111111112221
1112223677765 1111111113111 111131313113111
1113114555543 1112131311311 1113123113113
1111111188888 1121121331311 1113133133311
1111311133332 1111311311111 1111131311311
1111111111665 1113111333131 1113331131111
1111111688886 113311311213131 1111111331311
1111111137754 1113333334311131 1111231333111
1112368888888 1111111131222 1113113113311
1111311156666 1333133311333 1113333211311
1211235776867 131111111111 1111112133211
1111688888888 1111131111311 1111111333331
1111168883888 111114111331 1111111331131
11111112k5332 1111311113133 1111111331311
1133111532454 1111311111111 1113331111311
1111112666385 1111331113131 1111131313111
1131131155532 1311211313111 1311113112221
1113453132855 111213111131 1111115112221

~ Degredsd fuel 23 rezelived
- Treatedq fuel {xaedistely after reclammtion filtration
» Treated fuel esix monihs ai'ter reclammtion Piltration

"



Appendix II

Threghold Thermal Stability Date

ASTM-CRC Coker Ratings by the Aero Propulsion laboratory
on Reclsim Nos. 1 Through 10

Reclain Test
Ro, Date Conditions, °F
1 7/1 /63 Loo/500/6
1 1/25/63 400/500/6
1 /1 /63 425/525/6
2 1/22/63 375/475/6
2 7/2 /63 400/500/6
2 7/2 /63 425/525/6
3 7/23/63 375/475/6
3 7/3 /63 400/500/6
3 7/3 /63 has5/525/
b 7/24/63 375/475/6
4 7/15/63 L00/500/6
L 1/15/63 kas5/525/
5 7/23/63 375/475/6
5 7/8 /63 400/500/6
5 7/8 /63 425/525/6
6 7/23/63 375/475/6
6 7/9 /63 400/500/6
6 7/9 /63 k25/525/6
7 7/24/63 375/475/6
7 7/10/63 L00/500/6
7 7/10/63 k25/525/6
8 7/11/63 400/500/6
8 7/24/63 400/500/6
8 7/11/63 425/525/6
9 7/12/63 400/500/6
9 7/12/63 425/525/6
10 7/18/63 h00/500/6
10 7/18/63 400/500/6
10 1/22/63 375/475/6
10 7/25/63 375/415/6
106

_QP-'mnutes Preheater
0.2-3C0 1111111311113
0.7-300 111133311313111
17.5-300 1111111331343
8.8-300 1131311333113111

25,0-250 2222222222333

25.,0-188 1111111112433
3.4-300 1111112211111

25.0-2h49 3333333311333

25.0-234 1123331111343

25.,0-300 111113313131113

25,0-128 0000001134441

25,0-191 1123133134443
1.7-300 1111111322222
1.7-300 1111131131322

25,0-300 1113313311133
9.1~-300 1111111222221
14.8-300 2222222222332

25.0-178 1111333211111
6.2-300 1111111111112

25,0-198 1111111224332

25,0~ 68 1113111111221
6.7-300 1111111313111
31.1-300 1111111111111
14,2-300 1111111313113122
0.5=-300 1111111131111
0.4-300 1111111321113

25.06-260 1111111312k43

25,0-235 111111112442
23.6-300 1111111111111
11.6-300 1113111131111
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Bimnd

Date

Tested

8/1k /63
8/15/63
2/11/64
2/12/64

8/1k 63
o/
L/3 /64

Appendix ITI
Storege Stability Data of Unfiltered Fuels

ASTM-CRC Coker
Operating Conditions

at Threshold ngg.

375/475/6
350/450/6
325/425/6
300/400/6

375/475/6
350/450/6
356/450/6
325/425 /6

450/550/6
kas/525/6
450/550/6
425 /525 /6
400/500/6

k50/550/6
L0o/500/6
375/475/6
450/550/6
375/k715/6
350/k50/6

197

Preheater

1111111116655
1113113111311
1311133313654
111313213133,

1111131115555

111331131130

1111111133453

11313113131111111

1111111124532

11313331311321
1121113478540
1111111321243
1123131113311

11111132444 30
1111111114k 32
1111111132223
1111112468887
1111111335432
1111111122213



Appendix IV

laboratory Precedures Used for Physical and Chemical Testing

Federal Std. ASTM
Test No. 79l Standard Others
Gravity, APl D 287
Distillation D 86
Saybolt Color D 156
FPreezing Point D 1477
Viscosity D b4s
Particulate Matter Proposed
Existent Gum D 381
Potential Gum D 8713
Water Reection Index 3251
Water Separometier Index 3255
Water Separometer Index
Modified 3256
Moisture D 1364-62
Vol. II
Specific Heet Calculated
Net Heat of Combustion Rational Bureau
of Standards
Aniline-Gravity Product D 287 and
D 611
Corrosion D 130
Sulfur, Mercaptan D 1323
Sulfur. Total D 1266

Doctor Test
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lead

¥itrogen, Basic
Nitrogen, Pyrrole
Oxygen, Dissolved
Peroxide

Sodium
Sulfomate

Phenol

Saponification Bumber

Thermal Stability

Federsl Std.

No. 791

109

Standaxd
D 1319
D 1319
D 1322
D 1840

D 939

D 1660

Others

AQRCO (Photometric)
Monganto 2521.2
ACRCO (Photometric)
AORCO (Photometric)
Sinclsir

UOP 276-59

Phillips GC

louisville Neoprene
Iab #5-17.08

AORCO (Emission)

California Research
Corporation

Shell




Appendix V

Bacteriological Procedures

A. Culture Propagation

In order ito propagate the gquantity of both bacteria and fungi
necegsary to incculate adequately 15-ganllon drum samples, sub-
cultures vwere prepared using for the bacteris Bushnell-Hass

ldquid medium with JP-6 (sterile) overlay and nutrient broth

{see Table 7). For the fungi, both Bushnell-Heas mineral salts
liquid medium with JP-6 overlay and Sabouraud's liquid medium were
used (see Table 8). These subcultures were allowed to incubate at
37 C for severszl days prior to their inoculation into the fuel.

As the growth rates shown in the tables indicate, the bacteria
proliferate more readily in a mineral salts-jet fuel environmrment
than the two fungal species.

B. Fuel Inoculation, Sampling, and Culturing Procedures
1. Isolation cf microorganisms

Bachk subculture was isolated from the liLLquid culture medium
by means of decantation and filtration.* The suction of the
filtration assembly was released when approximately 30
millijiters of organism-containing medium remained. To
preclude aerosol contamination, the apparatus was covered with
foil and moved to the reclammtion filter pilot plant units.

2. Actual drum inoculation procedure

Prior to inoculation of the JP-6 with the microorganisms, a
stream of cylinder-nitrogen was delivered through & fritted
agitator into the fuel with such velocity that “he fuel was
mixing violently at the time cf inoculation. At this point,

the microorganisms were emptied into the fuel and allowed to
circulate for five minutes prior to sampling of the inoculated
15-gallon drum of JP-6. Figure 28 shows the intime‘e dispersion
of the bacteria in the fuel.

1 Millipore pyrex filter assembly; O.45 micron pore diameter, type HA
filter.
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3. Sampling procedure for inoculated drum

A one-gquart sanple was siphoned from the inoculated drum
through sterilized tygon tubing intc a sterilized gquart

'] bottle. This was returned to the bacteriological laboratory
ot for culturing.
i b, Isolsting and cultwring procedure for samples

Aseptic conditions were peintsined in the laboratory at all
- times and elsewhere during the course of this project as
i : required. The guart fuel seamples taken at various points
ue (see Sample Schedule, Table 9) were filtered through & 0.45

micron Millipore filter. FEach empty sample bottle was rinsed
with four 25-milililiter increments of sterile water. These

.o incremental washes were added to the respective Millipore
Tiltration assembly and suction applied to aid in drawing the
vagh-material through the cellulose filter. Finally, the
Millipore cellulose filter waz carefully placed in previously
gterilized petri culture dishes containing the appropriate
medium to optimize growth of the organisms sought. (Sabouraud's
liquid medium in the case of the fungi and Bushnell-Haas mineral
salts in the case of the bacteria.) These were incubated at

37 C for fourteen days.

C. Culture Examinations and Determimations of Results
1. Visual examination

Visual examinations vere mmde daily and a Jog kept of the
presence or absence of biological growth. These inspections
revealed that fungal growth could be detected within 24 hours.
Following a T2-hour incubation period of a Hormodendrum-species
(fungl)-inoculated-drum sample, approximately two hundred and
Lifty cclonies were counted. Figure 25 shows the culture of
these fung! through the test sequence, The control sample and
the sample following the reclasation filter (designated as
number 3), show a complete absence of fungel growth; vherees
number 1, which is the inoculated drum sample, and number 2,
the fuel following the chemical dryer section of the unit, show
250- and 12-colonies, respectively. (The fungi grew at the
fuel-culture zedium interface while the bacteria dispersed
throughout the culture medium phase ornly.) Visual inspection
for bacteris was less successful since approximately forty-
eight hours were necessary t¢ produce turbidity within the
Bushnell-Baas medjium, great enough to assure positive ar
negative identificatinn. It was therefore decided that
microscopic checks were more reliable in this area.
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2. Qptical nicroscopic2 checking procedure

One~-inch by three-inch slides were prepared using various
staina to accentumste contrast between the cell walls of the
micrcorganisms and thelr background which in turn produced
better photomlcrographs. Iloeffler's stailning procedure proved
to be adequate for this application.

Optical microscopy was found to be adequate for determination

¢f the presence of both bacteria and fungi. Electron microscopy
wag 8lso utilizeé both because it is more definitive and because
it provides & means of double cuaecking.

3. Electron microscopic3 checking procedure

Nickel grids were covered with the culture in quegstion hy means
of a locped inoculating needle., These grids were then scanned
in order to detect micronic and submicronic particles in
addition to microbiclogical contaminants. This served a very
useful purpose of not only revealing the fuel to be completely
free of bacteria and fungl following the reclamatiocn filtration,
but alsc toc be virtually free of extraneous matter of all types.
The electron photomicrograph 7500 X magnification enbances the
cell wall differentiation and enables the viewer to obtain a
better concept as to its cellular structure.

2 leitz Ortholux microscope, maximum magnification (o0il) 1225 X.

3 Phillips Electron Microscope, Model 75.
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Appendix VI
Life of Standard Filter Media

Filter Med’a Life Dire.

Coker Run Barrels of Fuel Pressure,
Reclaim No, 11 No. Per Ton Filter Media Preheater dr. Bg
Comtrol, no trestment 1111112678888 <25
Filtered through pilot unit No. 1 1 381 1nnnnn 1.5
Filtered through pilot unit No. 1 13 6096 111111113111 G.0
Filtered through pilot unit No. 1 17 12192 1113111113121 0.0
Piltered through pilot unit No. 1 18 14859 1111111111111 0.1
Filtered through pilot unit Ne. 1 20 16TTh 1,201 0.0
Piltered through pilot unit No. 1} 21 18288 1171155666665 0.3
Piltered through pilot unit No. 1 22 19431 111111576666& 0.1
Reclaim Ro. 12
Comirel, no trestment 1111235778887 0.1
Filtered through pilot unit No. 2 1 381 121111111111 2.0
Filtered through pllot unit No. 2 12 8763 112111121013 0.0
Filtered through pllot unit No. 2 21 16363 1111111121113 0.0
Filtersd through pilot unit No. 2 26 19812 1111111111111 0.0
Filtered through pilot unit Ro. 2 27 20193 1111111313111 0.0
Filtered through pilot unit No, 2 28 20574 1113111112333 0.0
Piitered through pilot unit No. 2 29 20955 1111111113321 0.0
Filtered through pilot unit No. 2 33 22479 1113111113333 0.0
Filtered through pilot unit No. 2 35 22860 111111233kki2 0.0
Filtered through pllot unit No. 2 35 23241 111111233khkh 0.0




