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FOREWORD

This report was prepared by the Fuels Branch, Fuels and Lubrication Division,
P Air Force Aero Propulsion Laboratcry (AFAPL/SFF) under Project 3048, Task 30480991,
The work was performed in-house in AFAPL facilities.

{ "Aero-Propulsion Fuels."

; The Air Force project leader for this work was Paul C. Hayes, Jr. Valuable

1 technical assistance in the laboratory work was provided by Mr.?a."lph Wagner.
,, The time period covered by the work was August 1974 through June 1976. This
report was submitted by the Author in ﬁ;;1978. N
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| ‘ SECTION 1
: |
‘ 3 INTRODUCTION

1. Background

o
{ k For years the premature failure of filter-separator elements has caused

Y serious disruptions in jet fuel bulk storage and distribution systems throughout

the Air Force. Most of the problems were traced to inadequate refinery procedures,

alleged improper handling and inspection of tanker loadings, and poor houskeeping

and handling techniques at support terminals and &air bases. Apparently the blame
; § does not rest with the type of 1ining in tankers and barges since coated vessels

E : exhibited just as poor a fuel quality record as uncoated ones. A filtration time
? % test was devised by the Directorate n¥ Aero-Space Fuels, San Antonio Air Logistics
E_ ! Center, to monitor the tendency of JP-4 fuel to clog filter separators. These

i test results correlated with filter-separator failures in the field. The

filtration time test has subsequently been refined and in its present form

require- one gallon of JP-4 to pass through a 0.8 micrcn filter membiane ¥n less
than 15 minutes under a prescribed set of laboratory conditions (Reaference 1;
Appendix A).

JP-4 fuel contains a corrosion inhibitor to control corroston in pipelines

and to improve the fuel's lubricating qualities. If the JP-4 comes into intimate

contact with water, especially sea water, a gelatinous precipitant may be formed
that can plug filters and cause a high filtration time fuel. This has been a
recurrent problem with JP-4 shipped by barge and tanke:.

Work by the Naval Research Laboratory describes gelatinous precipitants that
plugged filter membranes (Reference 2). This contaminant formed in fuel containing
a corrosion inhibitor that came in contact with synthetic sea water and bare metal.

Although not isolated and rigorously identified, it was theorized that metal oxides
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and/or heavy metal ions can react with fatty acid-type corrosion inhibitors to
form membrane-clogging metal "soaps."

Previous work by the AFAPL Laboratory had rasvlited in a method to artificially

create the filter-plugging precipitant (Reference 3). JP-4 fuel stock, clay-treated

to remove polar contaminants and additives, was doped with a test corrosion
inhibitor, a synthetic sea water bottom [as per American Socfety for Testing and
Materials (ASTM) D665-135, Appendix B] and soft steel shim stock. This mixture
was tumbled end-over-end periodically in a five gallon epoxy-lined carn, and
after a settling time of approx.40 hours, the filtration time was decermined. The
short-comings of this procedure included very poor sampie to sample filtration
time repeatability and a week lotig reaction time.

Subsequently, ultrasonic agitat‘on was selected as a possible substitute for
the occasional but severe ri*xing that the fuel and water phases might experience
in the field.

2. Project Objectives

The dual purpose of this work is to establish the components and conditions
necessary to artificially create a high filtration time JP-4 and to investigate
possible schemes to prevent or remove tie resultant membrane-pluyging meta® soap.
The first objective, therefore, was to identify the various couwbinations of
ingredients and conditions cruc‘al in producing the precipitant. Tha second
objective was directed toward preventing the veaction or lowering the filtration

time of a "soap"-contaminated JP-4 to below the 15 minute specification limit.
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SECTION II
TEST EQUIPMENT AND PROCEDURE

1. Filtration Time Test Method

The filtration time test method used for the tests discussed herein is
detailed in Appendix A. The only procedural deviation was in not weighing the
filter membranes before and after each filtration time run.

2. Generation of High Filtration Time Fuel
A non-additive JP-4 stock was clay-treated using Atapulgus clay to remove

polar impurities as ner ASTM D2550-A4. The reaction vessels employed were five

gallon glass bottles which were washed several times with tap water, then "delimer”,

then tep water again, and finally rinsed with distilled water. Described below

is the step-by-step procedure and the equipment used for generating a high filtration

time JP-4:

a. A five gallon glass bottle was filled with 15 jiters of clay-treated JP-4

stock.
b. The test corrosion inhibitor was added at the desired concentration and

well mixed.

c. Approximately 1.5 to 2 volume percent of ASTM synthetic sea water (D665-135,

Apperdix B) or hard WPAFB tap water was then added.

d. Using the apparatus described in Figure 1, the fuel-water mixture was

circula‘ed at a rate of 125 ml/min via a peristallic pump to and from an ultra-

sonic agitation chamber.

e. After the "Tygon" and glass tubing sections had filled with alternating

columns of phases, the ultrasonic probe (set at maximum power) was turned on.

f. The circulaticn and agitatior was continued for 30 minutes.
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g. By the end of the agitation period, the fuel phase was a milky-white,

translucent suspension of water droplets.

h. The glass jug was then transferred to a hood and kept there

until sampl d or re-agitated.

The following test equipment was utilized:
a. Circulation pump: "Master-Flex" pump and controller, Mode\ 7017, 3200 rpm

maximum; distributed by Cole-Parmer, 7425 North Qak Park Ave., Chicagn, IL 60648.
b. Ultrasonic agitator: "Sonic Dismembrator," Model 150, Artek Systems
Corp., 275 Adams Blvd., Farmingdale, NY 11735.
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SECTION III
DISCUSSION OF RESULTS

1. Control Runs

Control samples without . corrosion inhibitor or other additives but exposed
to soft steel shim and ASTM sea water were prepared. The object was to determine
what effect high levels of rust and entrained water in the JP-4 phase had on the
filtration time of the fuel. Table I summarizes these data. The results are
listed according to sample "bottle age," i.e., the time elapsed since the initial
contact of the two phases. The "settling time" was the interval from the end of
the bottle's last ultrasonic agitation until its sampling for a filtration test
run. The filtration time tests were terminated at about 60 minutes, the fuel volume
remaining was measured and listed in parentiesis next to the time in the "FILTRATION
TIME (+XXX m1)" column. Three one-gallon samplings and filtrations were possible
per bottle. Some bottles, as noted in the table, were not ultrasonically agitated
at the time the fuel and water phases were initially mixed.

The data indicated that immediately following ultrasonic agitation of the fuel-
water mixture, the entrained water in the clay-treated JP-4 would increase the
filtration time by 4 to 5 minutes above the nominal 4 minute filtration time for
JP-4 without a water bottom. The rate of rust formation was greatly accelerated
when ultrasonic agitation was frequently performed. Eventually, rust particles
would accumulate and plug the filter membrane of a one gallon filtration run,
increasing the sample's filtration time well beyond the acceptable 1imit. However,
a settling period of about 1 1/2 days was sufficient to return a sample's filtration
to below 15 minutes.

2. HITEC E-515 (With Metal) Runs
Since HITEC E-515 has been a widely utilized corrosicn inhibitnor, its ability

to create a high filtration timc JP-4 was investigated first. Mixtures were
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prepared containing HITEC E-515 at its minimum effective conceniration in JP-4 with
soft steel shim and ASTM synthetic sea water present. Varying intervals of ultra-
sonic agitation and settling preceded each filtration run as outlined in Table II.

As in the control runs, each bottle's agitation history greatly influenced its
resultant filtration time. As quickly as 2-3 hours after the initial ultrasonic
agitation of inhibited fuel and sea water, a 1-hour filtration time JP-4 would occur.
Mzre pouring of the water through the fuel phase in the container, without
efficient mixing, failed to generate a high filtration time fuel. Pre-rusted stee)
shim stock did not accelerate the formation of a problem fuel. In fact, subsequent
HITEC E-515 experiments without steel shim revealed elemental metal not to be a
crucial variable to "soap" formation. As the data in Table II indicates, the initial
contribution of a metal surface and/or rust toward causing a high filtration time
fuel was minor compared to the interaction of corrosion inhibitor and sea water.

3. FSII Runs

To circumvert ice formation as well as bacterialogical growth, fuel system icing
inhibitor* (FSII) is added to JP-4 to a concentration of 0.10 to 0.15% of the fuel
volume. Unavoidably, however, tank water bottoms leach out the alcohol-like FSII.
Levels of this additive in water bottoms may accumulate to as high as 20-40% of
the water volume. It was the intent of this phase of the JP-4 filterability
investigation to evaluate the influence of FSII on the fuel-sea bottom interactions,
but in the absence of rusting metal. This work is summarized in Table III.

Upon mixing the FSII into a sea water bottom, the 15% and 30% bottoms warwed
and immediately turned milky. In the case of a 40X FSII water bottom, a white,
flocculant orecipitant formed. Repeated ultrasonic agitations of uninhibited fuel-
water mixtures, Tollowed by immediate filtrations indicated no filterability

* ethylene glycol, monomethy] ether
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problem. The precipitant was not fuel soluble and, consequently, did not
influence the filtration time.

In other experiments, a distilied water bottom was selected instead of synthetic
sea water so that no heavy metal ions could react wi*h the FSIi or with the corrosion
inhibitor (when present). Also, the water bottom was adjusted to a basic pH to
ensure dissociation of the active agent of the HITEC E-315, namely an aliphatic
(fatty) di-acid. No fue: suspendable, filter-plugging p}oduct ever formed as
was evidenced by the low filtration times.

It is believed that heavy metal ions probably reacted with the alcohol portion
of the FSII. However, this fuel-insoluble precipitant demonstrated no JP-4
filtration effects. It was concluded that FSII in the fuel, in the water, or in

both phases had no influence on JP-4 filterability, even under the severe conditions

tested.
4. MWater Type

The next variable investigated was the effect of water bottom type on JP-4
filterability. Previous studies (Reference 3) indicated water bottom hardness
affected filter plugging tendencies. Distilled water, Wright-Patterson AF Base
tap water®, and ASTM synthetic sea water*, wzre used with HITEC E-515 as the JP-4
corrosion inhibitor.

Table 1V summarizes the water bottom effects. It is theorized that heavy metal
ions, i.e., Ng+2 and Ca+2 in particular, react with fatty acid-type corrosion
inhibitors to form metal "soaps" that are Tuel-suspendable and plug filter
separators. The absence of these ions should preclude any such reaction or
filtration time problem. This idea was substantiated when distilied water bottoms,
void of heavy metal ions, could not generate a high filtration time JP-4. Both
the ASTM synthetic sea water and WPAFB tap water caused a high filtration time

fuel in only a couple of hours under identical agitation conditions.

* analyzed by SFQLA, WPAFB, OH (See Appendix C)
13
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Other experiments were conducted on inhibited fuels whose distilled water
bottoms were doped every 24 hours with additional volumes of synthetic sea water
and ultrasonically agitated after test samplings were taken. Tha comparatively
low concentration of HITEC E-515 was constant for all of these mixtures (30 ppm).
In this way, the inhibitors were made the 1imiting reagent in the soap-forming
reaction. Increasing the amount of synthetic sea water in the distilled water
bottoms revealed a threshold concentration of sea water that could cause
filterability probiems. From Table V, a re-grouping of data from Table IV, a
distilled water hottom altered with approximately 20-30 volume percent cynthetic
sea water could generate . high filtration time JP-4 after ultrasopic agitation.

Pl
The synthetic sea water used in the abcve series was ana1yzeqh to contain
730 ppm calcium ~nd 720 ppm magnesium. A 25 volume percent synthetic sea water
in a distilled wvater bottom therefore had a combined divalent metsi ion
cencentration of about 360 ppm. The WPAFB tap water was also analyzed to have
235 ppm calcium and 61 ppm magnesium with a combined divalent ion concentratinn
of nearly 200 ppm. Further experiments using distilled water bottoms doped only
with magresium or calcium oxide and adjusted to a pH o+ 8.0 with NaOH revealed
even ‘ower heavy metal fon concentrations .oulc generate a high filtration time
JP-4. Filterzbility problems resuitea when there was less than 100 ppm of either
calcium or maynesium fonc, Therefore, given efficient intermixing of inhibited
fuel and water phases, & relatively low concentration of heavy metal ions,
particula.sly magnesium and/or calcium, could produce a hi'gh filtration time JP-4
even in distilled water bottoms.

Only a limited effort was directed in finding the minimum percentage of water
pottom volume of any water type necessary to create a high filtration time fuel.

As was stated, 1.5 - 2.0 water volume percent was normally used, but synthetic
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sea bottoms as low as 1/4 volume percent (or 35 mls bottem per 15 liters JP-4)
were successful in generating a fuel whose filtration time exceeded the 15 minute
Tinit.

5. Water Bottom pH

A crucial factor influencing soap formation is the pH of the water bottom. It
was theorized that since many corrosion inhibitors are fatty acids, an acidic pH
would retard their dissociation and, consequently, block a reac*ion with heavy
metal ions. Table VI summarizes the experimental data generated to test this
hypothesis.

As with other experiments, the synthetic sea water bottoms were 1.5 - 2.0 volume
percent of the HITEC E-515 inhibited JP-4. The pH of the water bottoms was adjusted
with NapC0O3 for more basicity or HC1 for more acidity. The ASTM synthetic sea
water bottoms of all previous filterability tests had had a pH of 8.0 prior to
agitation.

Neutral or acidic water bottoms prevented the formation of the filter-plugging
soap. On the other hand, a slightly basic water bottom reaaily genecated a high
filtration time uP-4,

Unfortunately, attempts to quickly disintegrate the reaction product by acidifying
the water bottom, agitating ultrasonically, and immediately running a filtration
time test proved iruitless. For example, Bottle LI had an initial water bottom
pH adjusted to 10.0 prior to its first agitation and circulation. A% a bottle
age of one day, its pH was retested and found to be 8.95. The water bottom was
acidified by HC1 addition to pH = 5.50. The fuel/water phases were then agitated
ultrasonically and circulated for 1/2 hour. At a bottle age of twu days, the water
bottom's pH had to be readjusted from 7.90 back to 5.40. The bottle vas then
agitated and circulated for 1/2 hour and a one gallon sample filtere: immediately

afterwards. No significant decrease in the filtration time was observed.
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This pH shift back to basicity even after repeated HC1 acidifications was

observed with several other runs. The next section will further investigate the

pH shift phenomenon.

6. Buffered Water Bottoms

As seen above, HC1 acidification of the reacted water bottoms had altered the

pH only temporarily. Within 24 hours the pH had traversed from acidic (about 5.5)

back to basic (about 8.0). Obviously something more than a simple one-step

neutralization was occurring. ASTM D665 synthetic sea water contains a sulfate,

a bicarbonate, and is initially adjusted to a pH of between 7.8 and 8.2 with a

carbonate (see Appendix B). Each of thece salts acts as a buffering agent to

maintain a basic pH. Probably the free hydroxyl jons were first neutralized as

well as the heavy metal hydroxides. Apparently though, not enough hydrcnium ions

(H30+) were available after reaction with the buffering agents to significantly

alter the fatty acid product concentration and, therefore, the sample's filtration

time. A "reservoir of Hydronium ions," on the other hand, could overwhelm the

basic buffering agents and possibly degrade the fatty acid soap back into its

free acid and heavy metal ion form.

Such a source of acidifying potential is an acid buffer solution. Two

candidates for acidic buffering salts were scdium phosphate and ammonium acetate

with the following specifications:

a. Sodium Phosphate (Monobasic): NaHyPO4 ° H20 F.W. = 137.99
pH of a 5% solution at 25°C = 4.1 - 4.5

b. Ammonium Acetate: NH4C2H302(or NH30Ac) F.W. = 77.08
pH of a 5% solution at 259C = 6.7 - 7.3

Table VII shows the experimental results of these buffering agents on the JP-4
filterability.

A neutrally buffered water bottom (NH40Ac) was only partially successful in

reduzing the filtration time of what was initially a high filtration time JP-4.
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However, settling for a one day interval did bring the fuel batch into the

acceptable filtration time range.
Reclamation results with NaHPO4 were far more encouraging. Nearly instan-

taneous improvement in the filtration time of a high filtration time JP-4 was

observed.

= e

7. Reclamation Efforts

i e

§ The buffered water bottoms test data led to two conclusions:

{1) The neutral or slightly acidic buffering of a fuel's water bottom blocked x
the formation of a membrane plugging "soap".

(2) In the case of HITEC E-515, at least, the acidic buffering action can
destroy the "soap" much more quickly and thoroughly than a neutral buffer.

These results prompted work involving two theoretical approaches to the problem of

fuel reclamation. Given a fuel tank with a water bottom and a high filtration time

JP-4, one could acidically buffer the water bottoms, pump them out and "shower"

T T 1 vy i e e

them back down through the fuel phase. Alternately, one could pump the contami-

nated fuel up through a "tower" containing an aqueous buffer solution, and back

into the tank.
a. "Shower Method":

The proposed "shower" method is similar to the procedure thus far employed

in generating the high filtration time JP-4's of this report (see Figure 1).

However, the Laboratory's ultrasonic agitation chamber would not be necessary in
the field. For field adaptation, a coarse screen fitted into the outlet of the ! ;
hose returning the buffering bottom to the tank cou'd divide the flow into enough
streams to flush the soap from the fuel phase. Using the ultrasonic agitation
chamder, in the Laboratory version of the “shower” method, HITEC E-515 as well as
severul other corrosion inhibitors were examined to determine the effectiveness of

the "shower" reclamation method as outlined in Table VIII. |
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Three high filtration fuels, each generated using a different corrosion

inhibitor, were reclaimed in one day after agitation ¢f their bottoms following
the addition of 5 weight percent NaHyP0O4. Lubrizol 541, with the highest acid
number of all the corrosion inhibitors currently qualified to MIL-1-25017,

Ammonium acetate had no corrective effect. Further, the acetate-buffered bottom

; ! resulted in the highest filtration time of all problem JP-4 mixtures yet generated.

with a 5 weight per cent NaH2PO4 addition proved futile. However, a 15% weight
percent NaHoP0O4 buffered water bottom was ultimately successful. For such dif-
! i ficult reclamation cases in the field, a second buffer shower of considerably

‘ greater concentration would be recommended.

A valid test of the capability of the "shower" method to rejuvinate an i

otherwise unacceptable high filtration time JP-4 would be an actual field problem }“

fuel. Such a "naturally" occurring high filtration time fuel was shipped to
AFAPL/WPAFB by DFSC from a tank located in Pasadena, Texas. According to DFSC,

et e it

8

even settling did not significantly improve this high filtration time JP-4,
Table IX presents data on the "shower" method of reclamation for the DFSC JP-4.
? An aqueous buffered bottom of 5 weight percent NaH;P04 in distilled water

was added to the DFSC JP-4, The phases were ultrasonically agitated and

continuously recirculated down through the fuel phase. The resultant fuel
filtration time was drastically reduced. Ammonium acetate had the same effect. ,

The volume of buffered bottom necessary to achieve the same level of reclamation ;

was decreased and the distilled water replaced with hard WPAFB tap water in
subsequent experiments. A 5 weight percent buffered tap water bottom of 1/3 i
volume percent of the total fuel volume rectified the filtration time of DFSC

fuel in only one day. The "shower" method, if employed in the field on such a

27
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: ) problem fuel would produce a cloudy fuel/tap water mixture in the tank, but a
one-day settling interval should yield a clear JP-4,.
b. "Tower" Method:

The buffered “tower" approach to JP-4 reclamation was originalily

proposed by Mr. James McCoy (AFAPL/SFF) and entailed a reservoir tower filled

with a concentrated buffer solution through which the contaminated fuel would

L e AT TASY

be circulated. The lab version of the buffer "tower" was a modified Millipore

[ —

filtration assembly. Pipe fittings were threaded into a stainless steel pressure \
cylinder (Mil7ipore Part No. XX4004700) having a tluid capacity of 100 milliliters.
The internal cross sectional area was 11.35 amé, Several coarse mesh screens

were inserted into the tower's filter holde:: base. The buffer solution was

pcured into the tower. A plug of glass wool wa:s inserted in the pipe leading
from the towei's cap, to retain the aqueous phase, and the *op screwed onto the

barrel. The test fuel was pumped into the tower's base and divided into droplet

S e——

cstreams via the screens. The fuel then rose thiough the buffer solution to the
top of the tower. The fuel coayulated tliere and then drained back into the

5 gallon glass jug. A peristailic pump recirculated the test fuel at a rate of

e AT Y AT

325 ml/min, or at 5 gallons/hour. At this flow rate, a circulation period of

four hours meant about five passes of all the Tuel through the buffer "tower."

Experiments with the "tower" method are summarized in Table X.

Preliminary reclamation runs utilized a low strength buffer solution

and gave little initial improvement in filtration time. However, as the tower's

o ——

buffer strength was increased, the filtration time of the test JP-4 decreased in

nearly a linear fashion for a given circuiatior period. Figure 2 is a plot of the

filtration time of the OFSC JP-4 after circulation for 2 or 4 hours through
different tower buffer strengths (data extracted from Table X). The most
resounding success in the fewest number of fuel passes was with the 50 weight

percent NaH2P04 solution.

30
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The "tower" method of reclamation was applied to the high filtration time
fuel artificially generated from the ultrasonic agitation of Lubrizol 541 inhibited
JP-4 with a synthetic sea water bottom. Four hours of circulation of the fuel
phase through the 50% strength buffer tower did not reduce the filtration time.
Only after four additional hours of circulation on the next day did the fuel
phase pass the filtration time test 1imit. Obviously, if the "tower" method of
fuel reclamation were empioyed in the field, several passes of the tank's fuel
should be circulated through as concentrated a buffer solution of as large a
volume as is practicable.

Each reclamation process has its own advantages and disadvantages. The
"shower" method requires the addition of a buffered bottom to the fuel tank of
about 1 volume percent of the fuel. However, only simple equipment (fuel pump,
hose, shower head screzns, etc.) is needed. Unfortunately, the water-washed

fuel could nct be used until about 24 hours later, after the suspended water
droplets had settled back down to the tank's bottoms. The tank bottoms would
then have to be drained for fear of corrosion by the acidically buffered solution.
The "tower"” method requires a fuel circulation pump and a buffer "tower" of
approximately 100-200 gallon capacity to treat @100,000 gallons of contaminated
fuel. The processing of a "soap"-type contaminated fuel supply via this method

would definitely take longer than the initial "shower" treatment but the fuel

would be available immediately since no settling time of water droplets is necessary.

8. Filterability Effect of Other Corrosion Inhibitors

Table XI is the current 1ist of Air Force approved corraosion inhibitors as. of
January 1975 along with their minimum effective concentrations and their equivalent
amounts per 15 liters of JP-4 for the filterability studies, Each inhibitor was

dissolved in clay-treated JP-4. Ultrasonic agitation and circulation followed,
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TABLE XI.

Approved AF Corrosion Inhibitors
(QPL-25017-11, 24 June 1975)

Equivalent Amounts

Corrosion Min. Eff. Conc. Added Per 15 Liters
Inhibitor (#/KBBL ) . Clay-Treated JP-4 (grams)
AFA-1 4.5 0.1926
CONOCO T-60 6.0 0.2567
DCI-4A 3.0 0.1283
EMERY 9885 4.5 0.1926
HITEC E-515 7.5 0.3210
HITEC E-58n 3.0 0.1283 ;
LUBRIZOL 541 3.0 0.1283 |
NALCO 54n2 3.0 0.1283 i)
NALCO 5403 3.0 0.1283 ,
PRI-19 3.0 0.1283 i
TOLAD 245 7.5 0.3210
TOLAD 246 3.0 n.1283 i
UNICOR J 3.0 0.1283
NALCO 5400-A 3.0 0.1283
(Deteted) ]
|
!
!
{
j
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using an ASTM synthetic sea water bottom under the same conditions as was used
with HITEC E-515 in its generatior of a high filtration time JP-4. Table XII
is a compilation of the filterability behavior of the different inhibitors.

Under the prescribed reaction conditions, most but not all the corrosion
inhibitors surpassed the >50 minute filtration time mark after two days of a
half-hour per day ultrasonic agitation. Of the exceptions, only one corrosion
inhibitor consistently remained well below the 15 minute filtration time
specification 1imit even with the high levels of entrained water normally
introduced. This was the Nalco 5400-A, which is no longer ¢y the Qualified
Products List for corrosion inhibitors.

The referenced compilation reveals a wide variance in filtration t.mne
repeatability on runs performed with t..e same corrosion inhibitor. If, however,
one selects only those filtration time resulis that meet the criteria: ‘“one-
day" in bottle age and a settling time of "none", then distinctive filterability
classificaticns emerge. The three filtration time ranges listed in Table XIII
were sufficient to circumscribe all of the cone day filtration results for each
corrosion inhibitor.

Most corrosion inhibitors required longer than 50 minutes for a one gallon
filtration run on one-day old samplies. Besides Nalco 5400-A, only AFA-1
displayed filtraiion time runs that were in the "less than 20 minute" category.

Again, on a qualitative level, there was a noticeable difference in the rate
at which the high filtration time mixtures settled or re-approvached the 15 minute
filtration time 1imit when left undisturbed. Of those inhibitors in Table XIII
that had ail of their runs fall in the "greater than 50 minute" filtration time
classification, only HITEC E-515 reneatedly gave.a:10-20 minute filtration time
runs after one day of undisturbed settling. Host required more than one week to

display a similar filtration time.
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9. Miscellaneous Work

a. Filterability with Ester vs. Silver Membranes

At the request of the Defense Fuel Supply Center (DFSC), filtration time
tests were conducted on a series of JP-4 mixtures urilizing two different kinds
of filter membranes. The standard filtration time test uses Millipore filters
comosed of mixed cellulose esters with the following specifications: 0.8
micron pore size, 47 mm diemeter (Part No. AAWPO 4709). The ester filters
disinteqrate upon exposure to methanol, ethanol, some ether alcohols (1ike FSII},
ketones, esters (including phosphate), dioxane, and most acids and bases. The
comparison silver menbranes are products of Flotronics, Inc. (Part No. 83485-03)
with s.milar physical dimensions but composed of silver and, consequently,

v stant to all fluids except a few concentrated acids.

Some field personnel have claimed that the filtration time of c¢ 4ain
high filtration time JP-4's could artificially be reduced by replacing the
standard ester membrane with a siiver one. However, mixtures of high and lcw
filtration time JP-4's failed to bear out this filtration behavior. The results
of tests with ester and silver type filter membranes on the same fuel sample
are sumarized in Tehle XIV.

Five qallen ba‘ches of eact samnle comosition listed in Table XIV were
nrepared and continuously stir-ed mannetically while sampled via a stainless
steel sinhon. Generally, the -iltration time repeatahility for a given five
agallon fuel batch was betie: fur the ester membranes. Furthermore, the silver
membrancs usually had longer fiitration times.

In some experiments, water bottoms were present and each filtration
imnediataly followed a oune-half hour ultrasonic agitation period. Consequently{
a high level of synthetic sea water would be entrained in these samples. The
silver membirane required a significantly longer time tn filter a one gallon

aliquot than 1ts ester membrane counterpart.
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For all of these filtrations, the ester filter membranes had been screened
; by weight (75 tc 85 milligram range) in accordance with the filtration time
test procedure (see Reference 1). No such screening was performed on the silver
filters. However, each set of duplicated runs on a given five gallon fuel batch
enploved filter membranes from the same box.

b. Concrete Effect on Filterability

Concrete storage chambers of World Yar II vintage are still in use and

were susnected of causine filtration time problems in Japan. Lime (Ca0), one

of the chief constitienis of concrete, could have been the source of heavy

metal ions which are known to react with corrosion inhibited JP-4 to create a

T T

high filtration time fuel. In a laboratory reenactment of the situation, several
large chunks of weathered pavement concrete (5" x 3" x 1-1/2") were placed in

i five gallon glass jars with their smooth face down. After addition of inhibited
JP-4, enough distilled water {pH = 6.5) was poured into the reaction jar to

cover the concrete's bottom face and half-way up the sides. This resulted in a

W T e W I T T T
s

3 volume percent of water in the fuel. Control jars without the corrosion

i
&
¢
ar
3
v
b
13

inhibitor but with a 3 volume percent of synthetic sea bottom or with a distilled
water bottom along with concrete were alsc prepared. The fuel/water phases were

then circulated through an ultrasonic agitation chamber via a perictallic pump

in crder to simulate severe mixing. The filterability effect of the concrete is

displayed in Tablae XV,

Pr-tablv, the 1ime leached out nf the concrete and Ynto the water bottom
yleldinz two of the necessary conditions for generating a fatty acid "soap": ;
convarsion of the clightly acidic distilled water bottom to basicity and the
release of a substantial quantity of ca*@ fons. With HITEC E-515 present, the
recylt wac a high filtratfon time JP-4. The control runs without inhibitor,
produced no such filterability problems.
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c. Filter Porosity Effect on Filterability
t ‘ DFSC exnressed interest in filtration time as a function of filter
§ i membrane pore size. Two mcderately high filtration time JP-4 batches were
generated via the usual method, 1.e,, ASTM synthetic sea water bottom, inhibited
fuel, ultrasonic agitation and circilation, etc, Repeated agitation the following
day preceded a 16 hour settling period. A1l but the water bottom was siphoned
into a clean five gallon jug. tnough clay-treated JP-4 was added to dilute each
mixture to permit five one-gallon filtrations (see Table XV1). Each such
five galion batch was magnetically stirred prior to aind between samplings. A1l
filter membranes (Millipore brand) were heated in a 20°C oven for one-half hour
and cooled for one-half hour in a dessicator. A change in the membrane pore
size from 0.8 microns tc 1.2 microns was enough to easily permit an acceptable

filtration time (<15 minutes) of an otherwise high filtration time fuel.
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e SECTION IV
b CONCLUSTONS

! The following concluciui» wrre derived:

| 1. High ‘evels of entrained free water in non-additive JP-4 did not result

{ in high filtration time fuels. The filtration time of the stock JP-4 increased

from the usual 4 mirutes to around 8-9 minutes.

The severity and frequency of the mixing of the fuel/water phases is
Mere

2.
absolutely crucial to the creation of a high filtration time JP-4.

pouring of the inhibited fuel and basic, hard water phases into the s;ame container

or even with simple circulation via a peristallic pump to and from the glass

reaction jugs failed to generate high filtration time fuels.

3. No filterability problem ever arose when one of the following was

missing:
a. Corrosion inhibitor in the fuel phase

b. A water bottom with a basic oH

c. High Yevals of calcium and/or magnesium fons (total > 100 ppm) in

a water bottom (i.e., tap water, sea water, etc).

Freshly polished or ore-rusted soft steel shim stock was not necessary

4,
However, rusting steel did eventually

to create a high filtration time JP-4,
introduce sufficient rust to plug the filter membrane even in the absence of

corrosion inhibitor.
Control runs without corrosion inhibitor but with 20 to 30 volume percent !

5.
of the fuel system icing inhibitor (FSII) in a basic hard water bottom gave no

fuel-suspendable precipitant and, consequently, no effect on the fuel's filtration
i

time.
A




6. A hard water bottom initially buffered to a neutral or an acidic pH did
not generate a high filtration time JP-4.
5 ; 7. The reclamation of high filtration time JP-4 samples was achieved via

two different processes:

a. The first procedure involved a "shower" of the acidically buffered

water bottom failing through the fuel nhase.

b. The other successful method entailed pumping the high filtration

Ve AR

time JP-4 up through a water buffer “tower” containing & concentrated solution

of a buffering agent. The fuel phase was first broken up into small droplets

i oimc e o)

to increase the contact area.

Py

8. The corrosion inhibitors tested revealed major differences in the
settling period required to return the fuel's filtration time to less than 15

minutes. Under the laboratory conditions of ultrasonic agitation of a basiz,

e it ogt- o Sihanine hARRAREEE AL i ko e e L

hard water bottom and corrosion inhibited fuel, a1l currently accepted inhibitors
1 produced a very high filtration time fuel in two days. Only AFA-1 did not
E F generate a problem fuel in the first day of agitation. However, NAL.CO 5400-A,

t deleted from the 1975 list of qualifying inhibitors, failed to cause a problem

JP-4 under any test conditions.
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SECTION V
RECOMMENDATIONS

Based on experimental results {in this Lab, the following measures
should be enacted to ensure that the lowest possible filtration-time JP-4
be readily available:

a. Maintain a minimum of water bottoms in all fuel storage, transfer,
and transport systems.

b. Gently buffer all easily accessible water bottoms to a slightly acidic

pH.

c. Study further the “"shower" and "tower" approaches to fuel reclamation,
or any procedure involving an acidic water-washing of problem fuel.

The most nromising answer to the "soan" formaction problem does not lie in
the judicious selection of the "right" corrosion inhibitor, but rather in

controlling the water bottoms volume and chemistrv.
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APPENDIX A
FILTRATION TIME-SOLIDS LEVEL TEST

EQUIPMENT:

1.

10.
1.
12.
13.
14.
SAMPLE:

Rl MR ——. o e

Millipore Filter Membranes; 0.8 micron, 47 mm diameter, plain white
flo. AAWP04700

Millipore Stainless Steel Hydrosol Filter Holder with grounding clamp
No. XX2004720

Four 1iter filter flask

Four Titer graduated cylinder

Vacuum pump with gauge; N-30 inches of mercury

Timer; in minutes and hundredtns of minutes

balance readinq to at least 0.1 mg

Petri dishes; pronged bases with covers, aoprox. 50 mm diameter
Drying oven; dust free. maintained at 90°C

Particle free petroleum ether (filtered through N.45 micron membrane)
Dessirator with indicating Drierite

Thermometer reading from 0 - 100°F

Tweezers, stainless steel, flat-tipped

Plastic wrap

One gallon of fuel in a vessel (previously particle-freed)
PROCEDURE
].

Particle free wash Hydrosol Filter Holder, graduated cylinder, and
netri dishes.

Oven dary Millipcre filter membranes in petri dishes for 30 min at 90°C.
Altow filters to cool for 3N min in a dessicator

Heigh membranes to nearest 1.1 ma, discard zny outside the 75-85 mg
ranae,

39
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19.
1.
12.

13.

14,

15.

16.

17.
18.
19.

T e AN 0 S < v

Place one gallon stainless steel orificed disk onto filter base, then
filter on top of this, then secure cap to base and cover with plastic
wrap.

Attach grounding clamp, install assembly into filter flask, and connect
vacuum line.

Fill separatory furnel from vigorously shaken one gallon jug with 3785.3 ml
of fuel and stopper.

Record fuel temperature after several minutes to the nearest 0.2°C only
if within 20-30°C range.

Release fuel into filter cup; switch on pump and timer.
Regulate vacuum to 25 +/- 0.2 Hg throughout the run.
CAUTION: NEVEX ALLOW FILYER PAD TO RUN DRY DURING THE TEST!

As last of fuel passes through filter, stop timer and record the
filtration time in minutes and hundredths of minutes.

Wash sample container with four 25 ml flushes of filtered pet ether
and empty into cupo.

Wash down cup with pet ether, shut off vacuum, remove top of filter
holder.

Gently wash particles on filter pad from the outside inward with pet
ether.

Place filter in pronged petri dish, cover, oveun dry for 30 min at 90°C,
cool in dessicator for 30 min.

Weigh membrare and record to nearest 0.1 mg.
Calculate any weight change by difference.
Report filtration time and membrane weight gain as solids level.
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i d APPENDIX B
: SYNTHETIC SEA WATER

o1 M4 g,

(EXCERPT FROM D665~135)

P B

Lz

i atnd

!
6.2 The solution can be convenienily pre- 5
pared as loliows. The method avoids any pee-
cipitation in concentrated solutions with sub-
%quent uncertainty of complete resolution.
Using cp chemicals and distilied water, pre-
pare the following stack solutions:
Stock Solution No. I:

Met, 61,0 85
CaCl, (Anhydrous) 406 ¢
StCl, 64,0 Mg
Dissolve and dilute to 7 hyers

Ssock Soluion No. 2:
KCs 483
NaliCO, i40g
KBr Mg
H,80, 21y

" NafF 2.1g
Dissolve and dilute 1o 7 liters.

6.2.1 To prepare the synthetic sea waler,
dissolve 2454 g of NaCl and 409% g of
Na, SO, in s few liters of distilled water, sdd
200 m{ of Stock Solution No. } and 100 m) of
Stock Solution No. 2 and dilute to 10 liters.
Stir the 10-liter batch and add 0.1 N Na,CO,
wntil the phi is between 7.8 and 8.2, One or
two milliliters of the carbonae solution will
be required.
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APPENDIX C
CALCIUM AND MAGNESIUM ANALYSIS

AEROSPACE FUELS LABORATOR™ TEST REPORT VATER SAMPLES

LM TO L TESTED

TE3) LABCHAVTORY AND LOC A1 IOH IRECIFICATION NUWBER |
Asrospace Fusly Laboratory SFQLA WPAFE O W/A

SAMPLE NUMBER DATE SAMPLE RECEIVED OATH SAMPLE YRSTED
74~1369-M & 74-1370-M 8 Octoher 1974 15 November 1974

COMATRACT NHUMBER

CONTRACTON
N/A N/A

MANUFACTURER PURC HASE ORDEA NO AND/OR FEDSAAL IYOCK.N*
u/A N

SUBSM:YTEO B Y SAM K MARKED
APAPL/SYY Attn: Paul Hayas Tap Water & Synthetic Sea Vater

TESY RESULTS

raspectively.

elightly low.

low valae.

PURPOSE OF INVESTICATION: To determine the total solids and ths amount of
calciom and magnssium presentc in each sample.

DESCRIPTION OF SAMPLES: One quart of each material was subaitted for analysis

DESCRIPTION OF ANALY3IS: Thie total solids analysis was performed using tha
standard procedure. Tha values for tap water and
syathatic sea water were, 611 ppm ana 45,308 ppe,

The calcium and magnosium content were determined by
the Atomic Absorption Method. The magnesium content
wes 61 ppm for tap water and 720 ppm for asynthetic
wvater. The calcium content was 23% ppm for tap water
and 730 ppm for synthetic water.

CONCLUSION: None, the results were reported to the initiator.
initfiator believad tha calcium result might be
Bowever, Wwe adaitted the container wit
the synthstic sea water had a precipitate on the
bottom, poesibly = calciua cowpound, explaining the

REMANND

RUEVILATD 8 Y (Siguature, dute and erganins.lon aynball

WILLIAM J. CRAWFORD 12 Dec 1974

AEPHOVAD LY (Signalure, dete ond argenisation]
TH(‘,I."!Q 1 r*_":‘l.}Flll—“_”\;.rq.;Y
!

Qe
oo - Lotecatory
Dll'\:Clqu ,

J v reevugace Fuels

SAAMA £9%% 216 RCPLACKES SAAMA FORM 2980 WHICH WILL ME USED.
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