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SUMMARY

'[hi, fioviI report covers a study of the effects of se,.cn corrosion inhibitors and
corroio)I/aInti-iuirng inhibitor combinationis on the coalescing characteristics of the
DO -) , Nl* pc filtcr/coale.,cer elemnts tii.ed to decontaminate liquid hydrocarbon fuels.
ITh otrrtt.tton inhibitors for use in military jet fuels are specified in Specification MIL-
1-2501 I7. "Inhibitors. Cotrrosionl. Fuel Soluble." They are identified by their trade
namvi-- andI manufactuirers ats Santolt-ne-C, Monsanto Chemical Co.; RP-2 and AFA-1I
k'. 1. Ihil'it de (t Nenio mrs k C o.: Ltobriztd. Lubrizol Corp.; Tolad-244, Petrolite Corp.;
'I'l 1- 1112, lTr~avo. hc.; and I nico-M, UIniversal Oil Products Co. The anti-icing in-
luibi h r used toutm mnis tm Spec-itication NIIL-l-27686, "Inhibitor, Fuel System, Icing."
and was obtained from Phillips Petroleum Co. One-percent water-removal tests and
water -;eparometer index (modified) (WSINI) investigations and analyses were
mt mndtu ted -

Thi', rt-searrh was carried out by the Fuels Surveillance and Technology Branch,
lujels Hlandling Equiipment D~ivision. U. S. Armv Mobility Equipment Research and
I )e~eiopment Center~l (S:XNlERl)C), Fort Belvoir, Virginia.

To-he mnot cmimum-ides that:

at. The corrosionl anti corrosioli/anti-icing combination inhibitors did not pro-
mhIce auht-r~~ effec-ts on the abilitN of militarv standard filter/coalescer elements to
rvnitmxe I -permi-ut %ater from J P-5 fuel that hiad been treated with fuller's earth.

1). Thet tree-water content of the fuel passed through the filter/coalescer c-
inis duriing the I-percenit water in jection tests ranged from 0 to 4.4 parts per million.

i~ hich is within specification limits.

I.. lit \\ SI \l" of the inhibited .JP-5 fuel during the tests were between 16 and

1 . The- b t%. frt--%ater cmoittrit did not correlate directly with the relatively
lm \\SIM\':..

r. n 'Ile \SIM l tannot be uwed solelv to determine the ability of a militarv
.tandmard filtt-r/mmalcm ttr iln--nct tom d-tonlaininate inhibited JP-5 aflt'r it has been
triuted %%illi fiullrr> martli. I ltm1%e~vr. the % WSIM tdoes give an indication of the ability
if it filtrr/r'tm.lt mr vlmunii to detotaminate uninhibited JP-5.
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FOREWORD

Authority for the evaluations described in this report i,, tcwntaid ill tCi)( ( para-
graph 1610(e) which states: -Every means of' imlproving the hlldI(liIng of VOL Ilivii1

be exploited.-

The work was conducted under Task I J6627011l)50602. -1iichs I ecoiitainiralioii
Research," under the general stipervision of 1'. II. Jefferson, Chief. Itivls Sujrvillance
and Technology, Branch, Fuel Handling Eqntipinent D ivision.

Other personnel participating in the program were Shirley BI. Blware. Project

Chemist, and John Zellars, Wiliamn Stoniey, and Lloyd Johnson. Test NIeehianius.
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EFFECTS OF CORROSION AND ANTI-ICING INHIBITORS
ON THE WATER COALESCING CHARACTERISTICS OF

MILITARY STANDARD Fl LTER/COALESCER ELEMENTS

1. INTRODUCTION

1. Subject. This final rcport covers a study of the effects of the seven corro-
sion1 inhibitors specified in Specification MI L-I-250 17, "Inhibitors, Corrosion, Fuel Sol-
uble.- and the anti-icing inhibitor specified in Specification MIL-l-27686, "Inhibitor,
Fuel System, Icing," onl the water-removal characteristics of standard filter/coalescer
elements used in military standard filter/separators.

2. Purpose of Tests. Chemical additives are incorporated in fuels to supple-
menit and improve their performance. Too frequently, in field service. these additives
have been found to adversely affect the ability of military, standard-dimension, filter!
coalescer elements to remove contaminants to the extent required by Specification
NIL-F-8901, "Filter/Separators, Aviation and Motor Fuel, Ground and Shipboard Use,
Performance Requirements and Test Procedures For." The purpose of the tests con-
ducted in this study was to dete:mine the magnitude of the adverse effect of the addi-
tives. JP-5 fuel was used as a test fuel, and the effects of seven different corrosion in-
hibitors and corrosion/anti-icing inhibitor combinations specified for use in military jet
fuels were studIied. The concentrations of corrosion inhibitors were prescribed by thc
qualified products list (QPL,) of inhibitors qualified under Specification MIL-1-25017.

The corrosion inhibitors used were Santolene-C, Monsanto Chemical Co.:
Lubrizol. Lubrizol Corp.: Tolad-244. Petrolite Corp.: TRI.182, Texaco Inc.; Unicor-.
U niversal Oil Products Co.. and RP-2 and AFA-l. E. 1. DuPont de Nemours & Co. The
anti-icing inhibitor was Phillips-55, obtained from Phillips Petroleum Co.

3. Background. Specification N111.4-2501 7 contains a lisit of sevenl Corrosion
inhibitors that are approved for utse in fuels conforming to Specification VV-G-76.
-Aritoniotive G;aso~line": Ml L-G-3056. "A\utomotive Combat Gasoline". MII -;-.5572,
-Avial i n Gasoline'': anid I II-J -56241. ".1 P-4 and .1 l-5 Turbine Fuiels." IIP-2. A VA-I.
Lubrizol. Tolad-244. and TRI- 182 corrosion inhibitors conform to Specifications
N N -(;-76. %Il L-G-3056. andl I L.-G-5572. Santolene-( and L nicor-Mi corrosion in-
hilkitor.- co nform to V V-G-7 6. Nil l-G-3056. and NlI- L- 5624 (QPI,. Auigust 1963).
Fachi co4rrisioni-iibililor/JP-5.fuel- -onination arid e-orrosiont/aniti-ie-iig-iriihitor/. P-5-
fit(l comnration was uitilized in the tests.' Speiifit-ation \111-F-11901 states that lte

orlh. corrosion inibiptor to lbe uisedr in combiinationi with J P-5 fuel is Saritolene-(;.A
Sai t I olerie-Ch lia t i -icinig-i II ib hI or corniiiat iot a nil the add ition al six corroio n and
cor s ii r/a iiti-uingti inhibit (irs in coumbi nat io n with .1P-7S fi url, hav~e never been used to



caii 1tr prorriantc oif the miilitary standitard filter/coalescer elementis by this

1I. INV ESTI(;ATION

41. Diescription of Test Facility. The test facility colnsistedl primarily of a closed
lrst looip (portionis of %hich were glass), a I 00-gallon storage tank, a 20-gallon-per-

nO I pil) 1ci-nirihigl pump11. water-injection equipment. sample withdrawal appa-
riit ii-.a clean ipI filter/-,cparator. and sutable instrumentation (see figure, page 3. for

l~ivnuiat ic drab jug).

5. Te-st Filter/Coalescer Elements. The military, standard-dimension filter!
toAlestir elements used in the( test series were Fram Model No. CC-51I II, Bendix
Modtel No. 0-15800-4, and Filters, Inc., Model 1-4208, fabricated to conform to Lhe(
ri-(llir(-mecrits of Specification MIL-F-52308, "Filter Element. Fluid Pressure."'

6. Performance Requirement. The water-removal performance requirement of
Spi-cificatioi MlL-F-890l states that the filter/coalescer element shall decontaminate
inhibited fuel iiito which 1 -percent water is being injected at rated fuel flow. When
aria!i zedi %% ith in-liner instrumentation, the effluent fuel shall contain not more than 5
parts per niillioin (ppmn). by volume, of undissolved water. The differential pressure

aco the( filter/separator test vessel, with a new element installed and clean fuel (con-
taining, tit) unclisoled water and not more than 0.5 milligrams per liter of solids con-
taininitiomi). shiall not exceed 10 pounds per square inch (psi) at any flow rate uip to
I 15 it-ritlit od rated flow, when measured across the inlet and outlet connections.

-. Trest Fuel and Conitaminant. JP-5 fuel conforming to Specification MLT
5024 %as uisedl as the( test fuel. The fuel was treated with fuller's earth, and the WSIM
prior to the additioni IIt inhibitors was 9)6. D~ata are recorded stating %V~q I s after the

o l ti f spe i fic i nihiitor content rations.

Thet w ater iiijected into the test fuel during tests was supplied by. the Fort
Bckti or watt-i uit ilitN s~stei. Prior to utse in the test as an injected contaminant, water

tI ilti-red it res idual-solids level of les,, than I milligram per liter. The Ip11 factor

Hn- tilli-r/colf-.er i-li-tnIiisitI-r iii this iiI~tsligatioii we're- madet in accordan-ce
%% ii Owi pririna t- pi-i- ification \111I- 4'19) I A. Ouie of thei liirpottsts of this series
,i-I t- li ii- dlcrntimi- %bInlivr the t-xi.tiit ig-tnieuts under spcc-ification VllL-F-

840tt \n %%o itit ini-I the pe-rformaince requliiremnents under the new specification VILl-
I~ H90I I i. %it, Iu Imn I not II bet. II of fit -iiiII puIIblIishe d whent -i thIIese tests Wtre IconIIdu cted.
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It. Sample Analysis Procedures. Samples were analyzed for water-separation
prl 'llrhe. and fret -%water content. The following methods were employed:

a1. %N ater-separation properties of the fuel were determined with a water

ll-primirter. This instrumnent measures the WSI. which is an indication of the ability
of1 a ftiel or a fuel/additive combination to release entrained or emulsified water when
bic fuel is pa'..,' through a coalescer-type water separator.

1). Free-water content of the filter/separator effluent during the test was
imimiitoreil b% a Bowser Totamitor (Niodel 871) installed in the effluent portion of the

%tAiii. This instrument operates on a light -scattering principle-a beam of fight is dif-
fused fir reflected by minute water droplets suspended in the fuel. The magnitude of
light -eattcrincigis indlicated on a dial (galv'anometer) scaled to read in parts per milion
if free water.

9. Test Procedures and Results. Prior to the initiation of tests, 3000 gallons of
.IP-5 ui- %%ere treated by passing the fuel through fuller's earth filters to obtain a mini-
im NWSl \1 nllmner of not less than 85. At the start of each test. 90 gallons of this

trcated i ul wvere ptumped into the 100-gallon storage tank, which was part of the
closed le-st loop, and the appropriate quantities of corrosion and anti-icing inhibitors
Nwr en d uimed for 20 minutes by circulation while bypassing the test vessel and clean-
lip fii er/-epara tor.

I pon conmpletion ofblndn. tre1-gallon samples were taken for WSINI
analN -es. Thle fuel was then pumped through the test system, including the cleanup
filter/separator, at 2-gYpn or 2O-gpin flow rates, according to the size of the filter/
coal-cer elemient, to obtain the- blank Totamitor and pressure readings. (The 2-gpm
elemmut-ut. w ere ctim proportiounately to size from 20-gpm elements.) One-percent water

%% s theni imjeuteil for 30 minutes at the pump inlet. Totamitor and pressure readings
%were taken tcor% 5 minuite., for the dluration of the 30-minute, water-injection period.

Sc~eral 15-minute tests %were- run.

\news filter/coalesver elenment was used with the test run for each corrosion
imilitor: alko, a new element was used for each corrosion/anti-icing inhibitor concen-
I raim. It %sa. first e\lmseml to the I -percent. water-removal test us ing test fuel con-
tailull" the- 11iniiillii ciplmentration of corrosion inhibitor, as presc-ribed in Specifica-

HmI1I-I.2501 7. anid 0. 1 5-percent anti-icing inhibitor, where applicable. At the com-

P1)1,P o f eael orwrosio-imihilitor test, the entirv test svstern (loop) was thioroughly
dammulan dimi-hl %%iih water to remtl~e an\ residlual quantity of corrosion and anti-

itihiihitor- Firilir to coniducting the next test.

4



In order to verify the test data from the above procedure, tests were set up
wherein the entire volume of 3000 gallons of fuel was inhibited initially, and several
manufacturers' filter/coalescer ele ients were tested. The purpose of the initial inhi-
bition was to see whether the same type of results was obtained on a large volume of
inhibited fuel, as compared to results obtained from 90 gallons of inhibited fuel.

The JP-5 fuel was treated with fuller's earth until the WSINI was not less
than a minimum of 85; the anti-icing inhibitor was washed out of the fuel by injecting
3-percent water at the pump inlet. The fuel was then inhibited with 20 pounds of
RP-2 corrosion inhibitor, and several water-removal tests were run. Anti-icing inhibitor
was added (0.15 percent), and several more water-removal tests were run on the
corrosion/anti-icing-inhibited fuel.

Results of the tests are recorded in the Appendix to this report (Tables I
through XXIV).

111. DISCUSSION

10. Free-Water Content and WSIM Data. Theoretically, free water is undissolved
water in excess of the water in solution in a fuel. The free-water content, as measured
by the Totamitor, equals the total-water content minus the quantity of water in solu-
tion. The adjusted free-water content (total free-water content less the blank) of the
test fuel in this study ranged from 0 to 4.4 ppm. Although the water separometer can
be modified to semiquantitatively measure free-water content, its main purpose was to
measure the ease with which a fuel will release free water.

Uninhibited JP-5 fuel received directly from the refinery without a fuller's
earth treatment generally has a WSINM between 85 and 100 and is thought to be rela-
tively surfactaid-free-that is, free of surface-active agents. It is acceptable in that it
can usually be decontaminated without difficulty by a filter/separator, using military
standard filter/coalescer elements. JP-5 fuel not previously treated with fuller's earth.
and with a WSIM between 70 and 84, is unpredictable, in that both passing and failing
performances have been experienced in filter/separator operation. The JP-5 fuel speci-
fication requirement for WSIM is a minimum of 85. In general, untreated JP-5 fuel
would be difficult to decontaminate if the WSIM was between 0 and 69. However.
this is not true, in reference to treated JP-5 fuel/additive combinations, as is shown by
the results obtained in this study. Tests using JP-5 fuel inhibited with corrosion or
corrosion/anti-icing-inhibitor combinations and having USIM's ranging from 16 to 88.
passed I-percent, water-removal requirements. These results contradict statements
concerning untreated JP-5 fuel ,iven earlier in this paragraph. The author theorizes
that the successful water-removal tests were due mainly to the fact that the JP-5 test

5i



lijel hadl been precsiously trvated with fuller's earth. The fuller's earth removed all oh-
ctionl s urfat ants, whc most lieywudhave plated out and/or adversely af-

fee ted filter/coalescer element performance. Examples 4f hese types of objectionable
stir fac tants are sodium sulfonates, which are refinery residuals. It can be seen that it
cannot be determine f!rom the WSI NI ilata alone whether a corrosion inhibitor will
ad(1ersclN affect j P-5 fuel to the extent that it cannot be decontanninated by a filter/
Coenahseer e~lement.

IV. CONCLUSIONS

11. Conclusions. It is concluded that:

a. The corrosion and corrosion/anti-icing combination inhibitors did not
piroducne a(lkerse effects on the ability of military standard filter/coalescer elements to
reinmoe I-percent v. ater from J P-5 fuel that had been treated with fuller's earth.

1). The free-water content of the fuel passed through the filter/coalescer
elmetsdrig h Ipecetwaerijection tests ranged from 0 to 4.4 ppm, which

is within specification linits.

Cn. The WSINl's of' the inhibited JP-5 fuel during, the tests were between 16
and 198.

d. The low. free-water content did not correlate directly with the relatively
low IN IN1'.

I.. The A SIMI cannot be used solely to determine the ability of a military
standard filter/coalescer element to decontaminate inhibited JP-5 after it has been
treated with fuller's earth. However, the WSINI does give an indication of the ability
of a filter/coalescvr element to decontaminate uninhibited 1 P.5.
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Table 1. Santolene-C Data

(Filters, Inc., F/C Element)

libitor Fuel Fuel Diff.
(one('ntration lime Flow Temp* Pressure Totainitor WSNI
(Ib/00 bbl) (min.) (gpm) (oF) (psi) (ppm)

4 0 20 92 2.0 0.80 61
4 5 20 92 2.5 0.90 -
4 10 20 92 2.5 0.90 -

4 15 20 92 2.5 0.90 -

16 0 20 85 2.0 0.90 34
16 5 20 85 3.0 0.95 -
16 10 20 85 3.0 0.95 -

16 15 20 85 3.0 0.95 -

* In several instances throughout this series of tests, the fuel temperature exceeded the

70' to 900 F range specified in Specification MIL-F-8901, because the test loop was
not equipped with any type of heat exchanger.

I8



Table 11. AFA-I Data
(Filters, Inc., F/C Elenett)

Inhibitor Fuel Fuel )iff.
Concentration Time Flow Temp* Pressure Totamitor WSIM
(lb/l00 bbl) (mill.) (gpm) (OF) (psi) (ppm)

4 0 20 92 2.0 0.9 37
4 5 20 92 2.0 0.9 -

4 10 20 93 2.0 0.9 -

4 15 20 93 2.0 0.9 -

16 0 20 84 2.0 0.7 43
16 5 20 84 2.5 1.1 -

16 10 20 84 2.5 1.2 -

16 15 20 84 2.5 1.3 -

In several instances throughout this series of tests, the fuel temperature exceeded the

700 to 900 F range specified in Specification NMIL-F-8901. because the test loop was
not equipped with an), type of heat exchanger.
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Table 111. Lubrizol Data
(Filters, Inc., F/C Element)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp* Pressure Totamitor WSIM
(Ib/1000 bbl) (min.) (gpm) (OF) (psi) (ppm)

5 0 20 91 1.5 1.0 67
5 5 20 90 2.0 0.9 -

5 10 20 90 2.5 0.9 -

5 15 20 90 2.5 0.9 -

20 0 20 80 2.5 1.0 45
20 5 20 80 3.5 2.5 -

20 10 20 80 3.5 2.7 -

20 15 20 80 3.5 2.8 -

In sevral instances throughout this series of tests, the fuel temperature exceeded the

70 to 90" F range specified in specification MIL-F-8901, because the test loop was
not equipped with any type of heat exchanger.

I0



Table IV. TRI-182 Data
(Filters, Inc., F/C Element)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Totamitor WSINI
(lb/1000 bbl) (Mill.) (gpm) (OF) (psi) (ppm)

1 7.5 0 20 78 2.0 0.80 70
17.5 5 20 79 2.5 0.85 -
17.5 10 20 79 2.5 0.90 -

17.5 15 20 79 3.0 1.00 -

20.0 0 20 80 2.0 0.75 68
20.0 5 20 81 2.5 2.10 -
20.0 10 20 81 2.5 2.60 -

20.0 15 20 81 2.5 2.50 -

11



Tiable V. Tolad-244 Data

(Filters, Inc., F/C Elemnt)

lInhih)ih i Fuel Fuel Diff. mtr WI
(mctiitratilon 'l'inwt Flo% Temp Pressure Totamtr WI
(II'! 100 bb(H h) (Hurln.) -(gpnr) (()F) (psi) (ppm)

0 20 76 2.0 0.90 62

5 20 76 2.5 0.95

10 20 77 3.0 0.90

515 20 7 7 3.0 0.95

20 0 20 81 2.5 1.30 56

20 5 20 82 3.5 3.50 -

20 10 20 82 3.5 3.40-

20 15 20 82 3.5 3.30-

12



Table VI. Unicor-M Data
(Filters, Inc., F/C Element)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Totamitor WSIM
(lb/ 1000 bbl) (min.) (gpm) (OF) (psi) (ppm)

9 0 20 76 2.0 0.85 16
9 5 20 77 2.5 0.90 -

9 10 20 77 2.5 0.90-
9 15 20 78 2.5 0.90 -

20 0 20 80 2.0 0.75 23
20 5 20 81 3.0 1.00 -

20 10 20 81 3.0 1.00-
20 15 20 81 3.0 1.10-

13



Table VII. RP-2 D~ata
(Filters, Ine.. F/C Element)

Inhibitor Fuel Fuel Iliff.
Concetirationi Tim, Flow Temp Pressure Totamitor WSINI
(lb/ 10(00 bbl) (mill-) (gpm) (OF) (psi) (ppm)

0 0 79 3.0 0.80 5

5 20 79 4.0 0.85 -

710 20 79 4.0 0.80-
15 20 79 4.3 0.80 -

20 0 20 86 4.5 0.85 49
20 5 20 86 5.0 1.00

20 10 20 86 5.0 0.90-
201 15 20 86 5.0 0.90-



Table VIII. Santoihne-C Data
(Fram F/C Element)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Totamitor WSIM
(lb/lO00 bl) (min.) (gpm) (OF) (psi) (ppm)

4 0 20 68 2.5 1.1 52
4 5 20 68 6.5 1.3 -

4 10 20 68 6.5 1.2 -

4 15 20 68 7.0 1.2 -

4 20 20 68 7.0 1.2 -

4 25 20 68 7.5 1.2 --

4 30 20 68 7.5 1.3 -

16 0 20 60 5.0 1.2 29
16 5 20 61 7.0 1.3 -
16 10 20 62 7.5 1.3 -
16 15 20 63 7.5 1.3 -
16 20 20 63 7.5 1.3 -
16 25 20 64 8.0 1.3 -
16 30 20 65 8.0 1.3 -

15



Table IX. AFA-I Data
(Fram F/C Element)

Inhibitor Fuel Fuel Diff.
(once'ntration Time Flow Temp Pressure Totamitor WSIM
(Ib/1000 bbl) (Iin.) (gpm) (OF) (psi) (ppm)

4 0 20 57 3.0 0.85 42
4 5 20 59 5.0 1.00 -

4 10 20 60 5.0 1.00 -

4 15 20 60 5.0 1.00 -

4 20 20 61 5.0 0.90 -

4 25 20 62 5.5 1.00 -

4 30 20 62 5.5 1.00 -

16 0 20 62 3.5 0.85 54
16 5 20 63 5.0 0.95 -

16 10 20 63 5.0 0.90 -
16 15 20 65 5.5 0.90 -
16 20 20 66 5.5 0.90 -

16 25 20 66 5.5 0.90 -
16 30 20 66 5.5 0.90 -

16
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Table X. Lubrizol Data
(Fram F/C Element)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Totarnitor \\ SIM
(lb/1000 bbl) (min.) (gpm) (OF) (psi) (ppm)

5 0 20 65 3.5 0.80 75
5 5 20 66 4.0 0.85
5 10 20 66 4.0 0.85 -
5 15 20 67 4.0 0.85 -
5 20 20 68 4.5 0.85 -
5 25 20 68 4.5 0.85 -

5 30 20 68 5.0 0.85 -

20 0 20 64 - 1.50 40
20 5 20 65 4.5 3.50 -
20 10 20 65 5.0 3.90 -
20 15 20 65 5.0 3.80 -
20 20 20 65 5.0 3.50 -
20 25 20 65 5.0 3.00 -

20 30 20 65 5.0 2.80 -

17



TabIle X1. TRI-182 D~ata
(Frain F/C Element)

n-hibitor Ful Fuiel Diff.
(Xluentration Time Flow Temup Pressure Totarnitor WSIM
(11/1000 bb11) (rulin.) (gpiln) (F) (psi) (ppm)

17.5 0 20 78 2.0 0.80 71
17.5 5 20 78 3.0 0.90 -

17.5 10 20 77 3.5 0.90 -

17.5 15 20 77 4.0 0.90 -

17.5 20 20 77 4.0 0.90 -

17.5 25 20 77 4.0 0.90 -

17.5 30 20 77 4.0 0.90 -

20.0) 0 20 69 4.0 1.00 65
20.0 5 20 69 5.5 1.90 -

20.0) 10 20 69 5.5 1.90 -

20.0 15 20 69 5.5 1.85 -

20J.0 20 20 69 6.0 1.90 -

20.0 25 20 69 6.0 1.80 -

20.0 30 20 69 6.0 1.80 -



Table XlI. Tolad-244 Data
(Fram F/C Element)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Totamitor WSIM
(lb/1000 bbl) (mill.) (gpm) (OF) (psi) (ppm)

5 0 20 80 3.0 0.80 88
5 5 20 80 4.0 0.85 -
5 10 20 80 4.0 0.80 -
5 15 20 80 4.0 0.80 -
5 20 20 80 4.0 0.80 -
5 25 20 80 4.5 0.80 -

5 30 20 80 4.5 0.80 -

20 0 20 75 4.5 0.90 44
20 5 20 75 4.5 1.25 -
20 10 20 75 4.5 1.25 -
20 15 20 75 5.0 1.25 -
20 20 20 75 5.0 1.25 -
20 25 20 75 5.0 1.25 -
20 30 20 75 5.0 1.25 -
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Table XIII. Lriicor-NI Data
(Frain F/C Element)

Inhibitor Fuel Fuel Diff.
Concent'IrationI Time Flow Temp Pressure lotainitor WSINI

(Ib/ 1000 bbl) (mini.) (gpni) (OF) (psi) (pprn)

9 0 20 78 2.5 0.80 47
9 5 20 76 4.0 0.90 -

9 10 2.) 76 5.0 0.90 -

9 15 20 76 5.0 0.90 -

9 20 20 76 5.0 0.90 -

9 25 20 74 5.0 0.92 -

9 30 20 74 5.5 0.95

20 0 20 72 5.0 0.80 3
20 5 20 72 6.0 2.40 -

20 10 20 71 6.0 2.30 -

20 15 20 71 6.5 2.30 -

20 20 20 70 6.5 2.00 -

20 25 20 70 6.5 2.00 -

20) 30 20 70 7.0 1.90 -
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Ta)e XIV. RP-2 Data
(Fram F/C Element)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressuire Tolamilor \\SINI

(lb/1000 bbl) (aiii.) (gpm) ("F) (psi) (ppm)

7 0 20 76 2.0 0.75 42

7 5 20 74 3.0 0.80 -

7 10 20 73 3.5 0.8) -

7 15 20 73 3.5 0.80 -

7 20 20 73 3.5 0.80 -

7 25 20 73 4.0 0.75 -

7 30 20 73 4.0 0.75 -

20 0 20 64 3.5 0.65 32

20 5 20 64 4.5 0.90 -

20 10 20 64 5.0 0.90 -

20 15 20 64 5.0 0.85
20 20 20 64 5.0 0.85 -

20 25 20 64 5.0 0.85 -

20 30 20 64 5.0 0.90 -
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TFable X% . Salltoleiie-C and AFA-l D~ata

I I1libitor Fuel Fuel Diff.

(;ictiitrationr Tlimei Flow Temp Pressure Totamitor* WSIM

(lb_/I 000 bbd)_ (IIIill.) (gpni) (" F) (psi) (ppm)

4 Saii-( 0 2 78 1 0.80-

4l-Sani-(; 2 2 78 2 >30. 00-
Failure

41 Sari-C 0 2 78 2 0.80-

1.Sn- 5 2 78 4 18.00-

-1 Sal.(; 10 2 711 4 18.00-
Failure

4 Al"\-l 0 2 80 1 0.90

I. AFA.-I1 5 2 80 2 >30.00-
Failure

*Failures were attributed to defective endeap seals.



Table XVI. Santolene-(. arid Anti-Icing Additive lDala
(Bendix F/C Flement)

Inhibitor Friel Fuel I iff.
Concentration Time Flow Tlemp Pressure, Ttainilor Vl SI 
(Ilb/ 100 bbl) (min.) (gpm) (0 F) (psi) ppin)___

4 0 2 60 3.0) 0.9) 52
4 5 2 61 4.0 0.9--
4 10 2 61 4.0 1.1 -

4 15 2 61 4.0 1.1 -

4 20 2 61 4.0 1.1 -

4 25 2 61 4.0 1.0 -

4 30 2 61 4.0 LO) -

16 0 2 64 2.0 0.9 42
16 5 2 67 4.0 1.8 -

16 10 2 67 5.0 1.5 -

16 15 2 67 5.0 1.5 -

16 20 2 67 5.0 1.4
16 25 2 67 5.0 1.4
16 30 2 67 5.0 1.4 -
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' lhi \1 I. \F k- I MIid .\iii-Icintg .'dditi~v D~ata

(11, I00 (N)) i) (ill.) ( Ilom (IlF) (psi) (Pppm)

t 2 66 3.0) 0.9 58
2 67 3.0) 3.5 -

10) 2 07 3.0 3.5 -

4 I5 2 67 3.(0 3. 5 -

t20) 2 68 3.0 3.81 -

t2 -- 2 68 3.0 4.2 -

130) 2 68 3.0 4.0 -

10 2 6-4 3.0 0.9 49
10 5 2 64 3.0 2.8 -

10 10) 2 64 3.0) 2.8 -

10 I5 2 65 3.5 3.0) -

10 20 2 65 3.5 3.3 -

10 2.5 2 65 3. 5 3.2
I1) 30 2 65 3.5 31.3
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Table XVIII. Lubrizol and Anti-luing Additisc Data
(Bendix F/C Element)

inl iftor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Tutawitor SO SI
(Ib/O00 bbl) (nii.) (gpm) (F) (psi) (ppm)

5 0 2 72 2.0 0.85 63
5 5 2 72 2.0 0.85 -

5 10 2 72 2.0 0.80 -

5 15 2 72 2.0 0.85 -

5 20 2 72 2.0 0.80 -

5 25 2 72 2.5 0.80 -

5 30 2 72 2.5 0.85 -

20 0 2 62 2.5 0.80 52
20 5 2 63 2.5 0.90 -

20 10 2 64 2.5 2.50 -

20 15 2 65 2.5 3.20 -
20 20 2 65 2.5 3.80 -
20 25 2 65 3.0 5.00 -
20 30 2 65 3.0 5.20 -
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Table XIX. TRI-182 and Anti-Icing Additive Data
(Ihendix F/C Element)

hlilllior Fuell Fuel! Diff.

CoIneel t ratimn Tinie Flow Tenip Presstire Totamitor WSINI
(Ilb/IO0 bhil) (rain.) (gTm) ((F) (psi) (ppm)

17.5 0 2 74 0.85 69
17.5 ) 2 74 0.85 -

17.5 10 2 74 0.90 -

17.5 15 2 74 1.20 -

17.5 20 2 74 1.20 -

17.5 25 2 74 1.20 -

17.5 30 2 74 1.00 -

20.0 0 2 70 0.90 79

20.0 5 2 69 1.40 -

20.0 10 2 69 i.40 -

20.0 I5 2 69 1.80 -

20.0 20 2 69 1.80 -

20.0 25 2 69 2.30 -

20.0 30 2 69 2.80 -
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Table XX. Tolad-244 and Anti-Icing Additive D~ata

(Bendix F/C Element)

Inhibitor Fuci Fuel LDiff.
Concentration Time Flow Temp Pressure lotamitor ~SIM
(Ilb/I 1000 bbl) (min.) (gpm) (o~F) (psi) (ppm1)

5 0 2 72 2.0 0.90i 70
55 2 72 2.5 0.90 -

510 2 72 2.5 1.00
5 15 2 72 2.5 1.00 -

520 2 72 3.0 1.20 -

5 25 2 72 3.0 1.10 -

5 30 2 72 3.0 1. 10( -

20 0 2 78 2.0 0.75 62
20 5 2 78 2.0 1.10 -

20 10 2 77 2.0 1.30 -

20 15 2 77 2.0 2.00 -

20 20 2 77 2.0 1.70 -

20 25 2 77 2.0 1.80 -

20 30 2 77 2.0 2.10 -



Table XXI. Unicor-M and Anti-Icing Additive Data

(Bendix F" 7aement)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Totamitor WSIM
(Ib/I1000 bbl) (min.) (gpm) (OF) (psi) (ppm)

9 0 2 80 2 0.95 54
9 2 2 80 - >30 Failure* -

9 0 2 80 2.0 1.00 54
9 5 2 80 2.5 1.10 -

9 10 2 80 2.5 1.00 -
9 15 2 80 2.5 1.10 -
9 20 2 80 2.7 1.10 -
9 25 2 80 2.8 1.10 -
9 30 2 80 2.8 1.00 -

20 0 2 85 1.0 1.00 30
20 5 2 85 2.0 1.00 -
20 10 2 86 2.2 1.00 -
20 15 2 86 2.4 1.10 -
20 20 2 86 2.4 1.10 -
20 25 2 86 2.4 1.00 -
20 30 2 86 2.4 1.00 -

Possible defective element.
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Table XXIl. RP-2 and Anti-luing Additive Data

(Bendix F/C Element)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Totamnitor WSIM
(lb/1000 bbl) (min.) (gpm) (OF) (psi) (ppm)

7 0 2 80 1.0 1.1 25
7 5 2 80 2.0 1.3
7 10 2 80 2.0 1.4
7 15 2 80 2.0 1.2
7 20 2 80 2.0 1.2 -

7 25 2 80 2.0 1.2
7 30 2 80 2.0 1.2

20 0 2 88 1.0 1.1 29
20 5 2 88 2.0 1.4
20 10 2 88 2.0 2.2
20 15 2 88 2.0 1.5
20 20 2 88 2.0 1.5
20 25 2 88 1.8 1.8
20 30 2 88 1.9 1.5
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Table XXIII. Comparison Data, RP-2
(Bendix and Filters, Inc., F/C Elements)

lidiibitor Fuel Fuel Diff.
Concentration Time Flow Temp* Pressure Totamitor WSINI
(lb/I1000 bbl) (mini.) (gpm) (OF) (psi) (ppm)

Bendix F/C Element
20 0 2 96 1.5 1.2-
20 5 2 94 2.0 1.4-
20 10 2 94 2.0 1LB -

20 15 2 94 2.2 1.9 -

20 20 2 94 2.2 2.9 -

20 25 2 94 2.2 5.6 -

20 30 2 94 2.2 6.5 -

Failure
Bendix F/C Element

20 0 2 102 0 1.1 -

20 5 2 102 2.0 1.2 -

20 10 2 100 2.0 3.5 -

20 15 2 100 2.0 2.3 -

20 20 2 100 2.9 1.8 -

20 25 2 100 2.0 2.5 -

20 30 2 100 2.0 4.5 -

Bendix F/C Elements
20 0 2 95 1.0 0.9 -

20 5 2 - 2.0 1L1 -

20 10 2 - 2.0 1.3 -

20 15 2 - 2.0 1.4 -

20 20 2 - 2.0 2.7 -

20 25 2 - 2.0 3.1 -

20 30 2 91 2.0 3.5 -

Bendix F/C Elements
20 0 20 80 1.5 0.9 -

20 5 20 80 2.5 1.1 -

2() 10 20 80 2.5 1.2 -

20 15 20 80 2.5 1.2 -

2() 20 20 80 2.5 1.2 -

20 25 20 80 2.5 -

20 30 20 80 2.5 1.3-

*In sei eral instances throughiout this series of tests, the fuel temperature exceeded the
70" to 90" V~range specifiedl in Specification MllL-F-890 I, because the test loop was
no t equiiippedt with i n% tyvpe of heat excha nger.
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Table XXIII (cont'd)

Inhibitor Fuel Fuel Diff.
Concentration Time Flow Temp Pressure Totamitor WSINI
(lb/1000 bbl) (min.) (gpm) (OF) (psi) (ppm)

Bendix F/C Element
20 0 20 82 3.0 1.1 -
20 5 20 83 3.0 1.5 -
20 10 20 83 3.0 1.7 -
20 15 20 83 3.0 1.8 -
20 20 20 83 3.0 1.9 -
20 25 20 83 3.0 2.1 -
20 30 20 83 3.0 2.4 -

Filters, Inc., F/C
Element

20 0 20 84 1.5 0.9 -
20 5 20 84 3.0 0.9 -
20 10 20 84 3.3 0.9 -
20 15 20 84 3.5 0.9 -
20 20 20 84 4.0 0.9 -
20 25 20 84 4.0 0.9 -
20 30 20 84 4.0 0.9 -
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