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NOTICES
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FOREWORD

This reporto prepared by Southwest Research institute, San Antonio, Texas. under ContractF33615-69.--123L The contract was initiated under Project Nos. 3048 and 3066. The work was performed bycontractor's personnel using Air Force facilities at Wright-Patterson.AFB. Vhe program was administered by the FuelBranch of the Fuels, Lubrication and Hazards Division, Air Force Aero Pic~pulfion Laboratory, Air Force SystemsCommand, Wright-Patterson AFP, Ohio. The Air Force project engineer during the period reported was Mr. GregoryW. Gandee (APFF).

This is a Technical Report covering the work performed under subject contract during the period from 2December 1968 through 30 November 1969. The report was submitted by the authors on I December 1969.Contractur's identifying numbers are Project No. 12-2497 and Report No. RS-541.

This technical report has been reviewed and is approve!d.

Arthur V. Churchill, Chief
Fue: Branch
Fuels, Lubrication and Hazards Division
Air Force Aero Propulsion Laboratory
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ABSTRACT

A broad-scale prorram of research and dev'elopment has been carried out orn aerospace fuels and several related
areas. Studies on fuel stabiikty havc included the development, improvement, and evalesation of test equipment, as
well as the use of this aquiprrt-Pt in studl 1! !ve effects of dissolved metals, fuel additives, and fuel-system materials
on the high-temperature stability of curre.. .. L.d itice hydrocarbor fuels. A fuel ;ubricity simula )r rig has been
set up for operation. Fuel cor%)sion inhibitors have been studied in connection with a proposed rctision of the
inhibitor specification, and the required rusting test has been examined for improvement of precision. Gas chromato-
graphic techniques have been developed and improved for identification and analysis of synthetic lubricants, and for
analysis of dissolved oxygen content of fuels. Theoretical and experimental studies have been made on the Kerr
effect as a tool in chemical analysis of fuels and lubricants and for molecular characterization in general. Instrumen-
tation for turbine engine compressors has been developed, with particular emphasis on sensors. Ultraviolet detectors
have been developed and evaluated for fire and explosion detection. An existing information retrieval system,
covering documents on fuels, lubricants, and hazards has been maintained, improved, and expanded.

Distribution of this abstract is unlimited.
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SECTION '1

INT.ODUCTION. AND SUMMARY

1. GENERAL

For the past '.zar, Southwest Research irstitule has.conducted abroad-scale program of research and develop-
ment on aerospace ouels arid related are-as. Thiz work is being carried out by:SwRI personnel, in Air Force fecilities at
Wright-Patterson AIFB, supplemented in certain areasof:the program by technical guidance and conrultation pro-
vided by staft members located at SwRl's main facilities in San Antonio, Texas.

The program includes a variety of long-term and shon-term nhvestigations. The long-term investigations are
described in detai, in this and other Technical Reports. The shorm-term investigations are described in detail only
when the results are of general interest or are pertinent to other aspects of the-prugrarn.

The program is broken down into five general areas:

Fuel research and development
Optical techniques for chemical analysis
Turbine engine contiol instrumentation
Fire and explosion detection
Information retrieval

2. FUEL RESEARCH AND DEVELOPMENT

a. Fuel Stability

Major effort has been devoted to investigation of the stability of advanced and ct, ient hydrocarbon
fuels at normal and elevated temperatures. this work has included studies of newaand improved test equipment end
procedures, effects of additives on fuel stability, compatibility of fuels with fuel-system materiais, effects of ijis-
solved metals on fuel stability, and niscellaneous evaluations cf fuel stability in support of other Air Force programs
of in-house and contractual research.

The CRC gas-drive coker was used in much of the work on evaluation of fuel stability at high-tempera-
tures. Studies of equipment and proceduic indicated the desirability of certain changes, which have bezn incor-
porated in two "nonstandard" test rigs used in this program.Two otkhr rigs-have been kept -standard gas--drive" so
that results are directly comparable to those of other laboratories.

The gas-drive coker has been used in studying the effects of dissolved lead and zinc .on d",tel thermal
stability. Metal concentrations on th! order of 100 to 500 parts per billion gave -severe effects on the thermal
stability of high-qu:lity fuels. These data indicate that lead and zinc derived from.common-types of synthetic rubber

f Imay well be the most s-rious factor in the degradation of-fuel caused by contact with-the rubber.

The gas-drive coker has also been used in defining the effects of commonly used fuei antioxidants on the
thermal stability of a high-quality fuel. This study indicated that commonly used amine-type antiox.dants cause fuel
degradation at high temperatures, but phenolic antioxidants at thernormal use concentrations have littie effect.

A Jet Fuel Thermal Oxi.dation Tester (JFTOT), a new device for -measuring fuel stability at high
temperatures, has been evaluated for applicability in studies of high-quality fuel stability and degradaticn by
contaminants. Initil operating experience with the apparatus Ihas been generally good, and the apparalus has
definite advantages over earlier "modified cokers." At -the same timetthere are some rather difficult problews to be
overcome before the apparatus can be considered fully satisfactory for use in -the type of development prowvam in
which we are involved. The difficulties are concerned mostly with -the large number of tests required to define a



satisfactory "breakpo~int" on some fuels. Several tists are often necesiary to establish a test temperature tiear the
breakpoint, since tests at much higher tomperrtures do no( give valid breakpoint data. There are also piohiems to be
risolved in the rating of tube deposit co~ors anti in the interpretation ef filter plug~ging results.

b. Fuel Lubritity

A fuel lubricity simulator, designed and constructad for the Air Force by a contractor under CRC
guidance, has been set up for operat~ion, and procedur.-s have been developed. The apparatus was furni!;hed without
drive system or instrumentation, arid delays in procurement of componients have prev~ented full oporability of the
apparatus. In the meantime, the system has been assembled with makeshift components and is being operated for
familiarization.

C. Fuel Corrosion Inhibitors

in connection -with a proposed revision o" MIL-1-21501 7B, the specification for fuei corrosio~l inhibitors.
a problem had been enci uitered in Door repeatability of the ruqting test used to establish th-z eifectivo concentra-
tions of' the inhibitors,. Several modification-, of the Itest procedure have been explored in an attempt to mnprove the
repeatability, so fai without any notable success. Apart fromi the pfoblemns with the test equipment anid procedui e,
there also appear to be ',roblems caused by partial insolubility of certain inhibitors in the test solverit, isoctane..
Other wo-k on corrosion inhibitors has becri concerned with evaluation aod adaptation of analytical methods a!'d
investigation of specific pro'olems from the field involving corrosion inihibitors. N

d. Fuel and LL'bricant Analysis

Much of the lcng-term effort in chemical anaiysis has gone lowaid developmeint and improveroernt of gas
chromatographic techr'iq-oes for identirication and ar'alysis ot sy vbetic lubiicants. lhese techniques ale very useful in
lubricant identification and in following lubriiant behavior during service. but thus far will nri give a complete
resolution and identification el all compon~ents present. Further effort in this area is being made onl a continuous basis.
Gas chromatographic techniquf s have also been improved and dev!!loped in the analysis jitdissolved oxygen con tcnt of
fuels. Here the problem has been partly one of sample handling, since the samples to be analyzed are fromi a simulator i ig
located away from the immediate ý,rea .f the analy-cal laboratory. Certain specific tests used for fueI inspection and
quality ccntrol have been investigated as the need arose. Flash points were c'nmiared by !wo methods- to determine the
effects of fuel system icip- Inhibitor onl the flash point (if various fuels. Data from a cooperative program on
neutralization number oi fuels were analyzed to determine the precision of the three r-nethc&~ evaliiated.

3. OPTICAL TECHNIQUES FOR CHEMICAL ANALYSIS

Theoietical and experuimneutai studies of time iags in the Kerr effect have been made, and have dermoti'trated that
uitilization of this phenomenon for molecular characteriiat~ion holds considerable promise. Potential avnfiicatim)s In
lubricAnt analysis have been explorea. The results and status of this work cre described in detail in dnother repoi t. A

preliminary study has bcea s!.lited on the app ical.on of fluorescence and pttosphoresceticr for similar usc.

4. TURBINE ENGINE INSTRUMENTATIONi AND CONTROL

Efforts in this area have bern direct,!d primarily toward the development anid tvaluatw41 of conit-,pucor
list rnlentat tort, partP;cularly 5cns'.)s. Results arid status of thit wotk i.re described Iin anoth;er repori Subserplii,
steps in this prograin wilt!ndv illcorporation oi thýt Instrumenti into conitrol loops tor evahialion.

5. FiqE AND EXPLOSION4 DETECTION

lImptoved uitraviolo.t detecto-l have beeni evaluated foi .icsitivity and oper~uiht,ý u~der extieme~ environunlental

c.-ridition-4. Rutai1e4 .i4impariioons have beenrinsdc ok the various typts -of wilun~s within this gecri ctalf

G, 1,04ORMATION REIIE VAt.
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SECTION 11

FUEL STABILITY

1. GENERAL

Major efforts have been directed toward wolit;ion of problems in the thermal and storoge stability of jet fuels.
The primary objectives of this portion of the program are the selection, adaptation, or development of methods for
evaluating fuel stability and the development of criteria for suitability of materials for use in futi systems.

During the first year of contractual effort, emphasis has been placed on evaluation, improvement, and develop-
ment of thermal stability test methods. Now, as in the past, any broad evaluation of effects of materials on fuel
thcrrmal stability is hampered by excessive iesting requirements in terms of time and fuel, as well as by the lack of
any general agreement (in validity of present test methods and the notably poor precision of many of the methods.
For these reasons, work on materials ccomp~itibility during the first year of contractual effort has been limited to
specific items of immediate interest, alor~g with a start on a long-range study of effects of dissolved metals on
thermal stability. Meanwhile, as described in this section, various types of equipment and procedures for thermal

* stability testing have been examined, and modifications and, improvements have been evaluated. Among the short-
* term problems that have been investigated are the effects of current fuel artioxidants and certain coating materials

and elastorrers on fuel thermal stability.

v2. GAS-DRIVE FUEL COKER STUDIES

a. Test Fuels

The fuels used in gas-drive cokter testing were JP-7 fuels original'y purchas'ýd by the Air Force against
Propo'ed Specification MIL.-T-38219 (USAF) dated December 1965. The original batzhes were designated 10 ind
1 2. but these went through several operations before samples were taken for the gas-dzive coker program reported
herein. Batch 12 was an operational fuei contianing fuel system icing inhibitor (FSII) and iubricity additive. Batch
10 contaim~d no additives except an antioxsidant (2.6-di-tert-buty!-4-methylphenol). According :c data obtained
previously by thre Air Force, Batch 12 had a gas-drive futl cokter breakpoint of about 675'F, for Batch 10. the
breakpoints were erratic. n~ormally about 575OF with occasional values as low as4000 F.

Both fueh. ha.l b~een used in various nondestructive tests, and the "used fuel" remaining from these tests
represented the starting material for preparation of the treated fuel used in the gas-drive coker studies.

One futic used ni this program, designated ii this report as 12-U, con~sistkti predominantly of Batch 12
fliel atfer d pillhw-tank storage test A sample of this fuel was taken in two epoxs -lined drums and used in the
gas-drive cokcr program without kirthser treatment

The bulk of' the. Batch 12 i'uel from thre pillow tank test was treated by the Air Force by means of, one
pass thiough a cornra,, . l-size c!ay-tt eating reiarnutinn 111it, during this treatmenlt, it was comnmingled with
substantial amiounts of Batch 10 previously tit the. unit. A bOO-gllon quantity of thii commingled. treated fuel wzs
itibsequeoilv t-,arsfeirrd by SwRI to an ir~do~r alumitnuh1 tank and sulbJected to fuither cliy treatment by !ecirp
culating tnirough a clat canister filter Extreme orecatitions were observed to avoid contamination, in particular, at)
coppc(-JloN !'ittingN wcre. usd in the hanilling sy'stem, rigorous flushing pro~cdurcs were followed to remnove all

triccs Of PfMvLWu fue~ls, and tlie treating system included 3n efficient filter hsr r,-movai of parttculy'e miltter.

3 1



This re'treated fuel, designated 10.1 2-T, was held indoaors in the aluminum tank throughout this program.The following test results were obtained on the 10- 12-T fuel at various stages in its treatment:

Interfacial tension, FSIJ content,
WSIM dynes/cm Vol%

Befo~re treatment 99 42.4 -.

After treatment in reclamation unit (I pasit) 100 53.4 0.007
After subsequent clay treatment (4 passes) 99 53.7 0.010

TABLE I. INSPECTION DATA ON CLkY- It can be seen that the reclamation treat-
TREATED JP.7 FUEL ment had a significant effect in bringing the intei-

facial tension up to a high value, which was un.-f-
- - fected by further clay treatment. ThelfWYSIM was high

Specs* Fuel 10-1 2-T ever before treatment. The FSII content of the
treated fuel was far lower than the working concen-

Distillation: IBP, OF 375 Min 387 trations of 0. 10-0. 15%.
I 001,OF 400OMin 402
20%, OF 402 Mint 406t Limited inspection test data were ob-
50%, OF 420 Min 420 tamned on tile final, treated 10-I 2-T; these are listed in
90%, OF 500 Max 455 Table 1. All test results feU! within the specification
EP, *F 550 Max 494 limits.
Residue, % 1.5 Max 1.0
Loss, % 1 .5 Max 1.0 When samples of the test fuels were taken

for gas-drive coker tests, they were drawn directly
Gravity, API/600 F 44-50 45.9 from the aluminum storage tank into precleaned

15-gallon stainless steel containers ("Bain Marie"
Existent gum.. mg/ 100i m] 5.0 Mzzx 3.8 type) and held unti! the tests were completed. Any

blending operations that were required were also per-
Total po~tential residue, formed in these containers.

1b-hr,mg/100m1 10.0OMax 3.8

Hashpoit (-M) OF 150Min 162b. Test Equipment and Procedures

Water separometer, WSIM 85 Min 100 (1) Equipment Con figu~irations

OMIL-T-38219 (USAF). Dec 65. Turbine Fuel, Low Volatility. Al: gas-drive coker tests were run
tKofected for emaptiet stem. on fo-ur semiautomatic fuel cokers equipped with

modified test sections conforming to current CRC
'esevoir; th othr ~ reqjuirements. Two of the cokers were equipped with

standard CRC flanged-pipe fuell eevis h te w were equipped with stainless steel oxygen bottles as fuel
reservoirs. In subsequent discussion, these are termed "standard"' an4 "nonstanidard" reservoirs, respective-ly.

Flow diagrams of the cc!_ý are prescteuci in Figures 1-5. Figures I and 2 shows the Dlow
conflgi.'rations of die two cokers with nonstandard reserie-r%. týefore and after modifications made during the course
of thi3 progratm Figumts 3 and 4 shvow¶% the corligurations of the two cokers with smildard CRC fuel reservoirs at the

~:tof this program; Figure 5 show: their configuration after iewcrk.

In the early stages ef the program, the twirnstandard cokerk were located in a separate laboratory
optrated by a different group of personnel. For 1')uqses of subsequent discussion, we have identified the labora-
tories as No. I and No. 2; ",t were located at Wright-Patter-son AFS and operated by SwRI personnel.

The Wqiprnenf identiF'cat ion, configuratitois, and locations are listed in Table 2 for refer-ence.

4
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tubes were rated after test in both unwiped and TABLE 2. GAS-DRIVE FUEL COKER
wiped condition, using the standard Tuberator. CONFIGURATIONS
Breakpoint is defined as the lowest preheater fuel-out -

temrnprature giving either an unwiped maximum pre- Coker Fuel Confifir rton no. Location
heater color of 3 or higher, or a filter pressure drop of no. rsmtoli gnl Fin (lab no.)
2.0 iii. Hg or more.* --

I Stod 3 5 2
The basic operating procedures, 2 Stid 4 52

starting with ASTM D 1660, are further defined for 5 &6 Nonstd 1 Ithn2-
the "CRC-gas-drive" cokeps by the tentative proce-
dure circulated to the CRC Modified Coker Panel on 25 June 1969. For the tv~o norstandard cokers,
operating proceduies are given in Reference (1), with further modifications as descriH~d subsequently.

The trisolvent used in this program consisted of equal parts of tolucat, acetone, and iscmpopanol
(99%), as specified in the current CRC gas-drive procedure. The acetone and isopropanol used in this program were
ACS reagent-grade materials; the toluene was technical-grade mattrial confe.-ning tc. Federal 4.ecification
TT-T-548c.j

Preheater inner tube-, were checked after each test to detect decreases in diameter, whicAi generally
occur as a "necking-down" at the hot end after a few tests at high temperatures. Tube diameters were measured at
each inch along the tube after each test. Original diameters of the tubes were generally 0.623 tu 0.625 in.; tubes
were discarded whenever the hot-end diameter had decreased below 0.6 15 in. Since the outer tube I.D. is approxi-
mately 0.647 in.. the radial clearance (width of the annular flow passage) varies from 0.011 in. with a new inner tube

* to 0.016 in. at the time of discarding.

Certain deviatioas from the CRC orocedure were made in all tests in this program, on all cokers.
These are described in the following paragraphs.

GaF-drive pressure was set at 250 psi rather than 2i0 psi. The iatter, specified in the CRC
procedure to give a greater margin of safety below the reservoir design pressure, is inadequate to prevent b.oi'ing of
most test fuels it the high temperatuies encountered in this test program.

Filter temperature was limited to 700cFt, so that the I OO0F differential between preheater and
filter temperatures was maintained only up to) 600/700OF conditions. Subsequent steps up in temperature were
625/700, 650/700, 675/700, and 700/700 0F. This limitation was imposed to avoid fuel boiling in the test section.

Repeat runs on the same test fuel were made without cleaning the reservoir between tests. With
the high-quality fuels usedI in this program, fuel degradation in the reservoir at ambient temperature is most
improbable.

Q3) Reservoir Cleaning and System Fluihing

In the standitrd CRC procedure. reseryoir cleaning is accomplished by -emoving 'be head and
cleaning the interior b.y buffing with nylon abrasive pads, foillowed by tliovough rinsing with prefilteied solvents. The
nonstandard resrvoii cannot be opened for cleaning, %o reliance must be placed on flushing with solvents. Once a
new reservoir is oeane~ thoroughly, it encounters noifaig hut filtered solvents and filtered test fuel, interior -

Colltamiinat ion ;s 1114um'ol and sLhould consist solely of- traces of fuel gums that might precipitate from vastabic furK
during their residence in the rescrvý,ir We feel that simple rinsing with filtered solvents is entirely adequate, arid that
mechanical cleaning can cointribute new contaminants unless extreme Precautions are taken. In this piogram, the

'The use ot 2 in. fig a% the titer ptuf~nji breakpoint cdter.zon in itxb-drwor ý,er teiti wA~ established in work rerx tied i'i 1964 by
Swft 10 Other liboratofir& have used I in. fit 2s tthe criterion.
tjori -anl ofi~~bii~~ iter tempet.1turr A ttu lmtcd io 67$-1



standard reservoirs were mechanically cleaned in accordance with CRC procedures, but the nonstandard reservoirs
were simply flushed with trisolvent and then test fuel. Since these reservoirs are light and easily disconnected front
the system, thorcaigh rinsing is easy to accomplish.

Flushing fluids consisted of filtered trisolvent, followed by filtered test fuel; no extraneous hydro-
carbon flushing fluid was used.

In the standard CRC configuration of the gas-drive coker, flushing fluids are fed through the flow
system by means of the standard pump furnished with the original coker. We feel that the full advantage of gas-drive
apparatus cinnot be realized unless the pump is eliminated completely, but titus far no suitable procedures have
been worked out for gas-drive flushing with the standard CRC reservoir. When using the pump to handle trisolvent,
contamination of the flow system with wear debris is quite probable. This has been minimized in this program by
cutting down the back pressure on the pump below 50 psi during this oreration. With the nonstandard fuel reservoir,
gas-drive for trisolverit is convenient and no pump is used.

(4) Fuel Preffrtretion &rd Aeratior

With the standard fuel reservoirs, test fioei is prefiltered through 0.45-micron membrane filters
either outside the reservoir or while pumping the fuel into the reservoir, then aerated for 20 minutes in the reservoir.
This procedure ensures that the fuel will be air-saturated a' the start of the test, but it does allow the possibility of
test fuel contamination during the air-saturation step, either by entry of atmospheric dusts during the operations, or
by contaminants in poorly purified air used to aerate the fuel. In principle, filtration should be the final step before
the test is started. Such filtration must be accomplished in such a manner that the air-saturation of the test fuel is
not disturbed; i.e., neither air pressure nor vacuum may be used in the filtration.

This situation has been resolved in the case of the nonstandard fuel reservoirs by aerating outside
and then pumping the fuel through a membrane filter directly into the test reservoir. This reversal of the asual
sequence apptk's only to these cokers in Configuration 2, after removal of the ir:fu,'ent in-line filter. Such a sequence
could be adapted for use in any gas-drive coker, and, we feel, would offer th. oretical and practical advantages in
minimizing the possibility of fuel contamination in pretest handling.

In some of the earlier tests in the nonstaid~rd cokers in Configuration 1. test fuel was prefiltered
through Whatman No. 12 paper rather thani inerabrane filt rs. Checks on the two types of filtration were also run in
later tests.

Aeration time was 20 minutes in 311 later tests (in line with CRC procedures). In some earlier tests
and in special investigations, aeration times of J arid 30 mnifures were used.

(5) Drive Gas

Helium was used in early tests in the cukers with nonstandard reservoiis. Helium had been used ir
the original work of SwRI in developing the gas-drive coker. The low uoubility Jf helium in hydrocartons (in
comparison with that of nitrogen) :s an advantage in that displacement of dissolved oxygen during a test will be
minimized. Also, the complete inertness of helium may offer some theoretical advantage over nitrogen However,
nitrogen has been adopted in CRC studics because of the nottavailability of helium in other iurnitrtes o Inhts I
program, after making comnpararve studics of nitrogen and hcltur,' nitrogen was adopted for all subiequeiit tests

(6) Flikinenof Influent rnLine•fi/wr

In the early days of the standard fuzi ,oker, a&i in E:w fidter- was adopted for use ahead of Obe tent
speton This is a necesary Id devirable item if fuel prefilt.rstion pfiocidure% are less than adequate. if fuel haidling
inttoduces coutafrtnants, or if the fuel coker flushnij piovedurrs leave contaminants i, th- sýytem The in-lin -I filt-'"
give app.ioxim.ituly the anme finer'evs of filtration as that of the Whatman No 12 pape used for fuel pteflatration i.•
the staridard coker test



Our recent experience with in-line filters has been poor. Several defective elements have been
encountered, and also a problem with fit of certain filter elements and hsousings. Some elements have been found to
be "plugged" even when newly Installed. It also appeared that the elements could contribute amutminants to the
fuel stream entering the test section, With piroper control of dleaninig, flushing, ani filtration procedurtz, the use of
an in-line filter ahead of the test section is hardly justifiable. A brief investfigation was .iadle of the possible role of
in-line filter elerncntý in contributing to fuel contamxii~ation.

Four new in-line filter elements were woaked seperately for 1 hour in 100 nil of trisolvent. In each
case, the trisolvent became yellow in about 10 minutes. On two of the filters, tf e glue used to bond the pawe to the
metal end-caps swelled and oozed over the caps during the soak, but retracted upon drying. After the elements were
air-dried, the weight losses averaged 0. 12 g (range 0.01-G.17 g) or about 2% of the total element weight. When the
trisolvent soak liquid was diluted with about two parts of JP-7 fuel, visible amounts of solid material were
precipitated.

Seven new in-line filter elements were dried for 1.5 hours at 1000C, then soaked in JP-7 fuel for 24
hour s at room temperature, then drif d to constant weight at 156 0C. Weight losses averagd 0. 19 g (range 0.01 -0.31

gor about 3% of the original element weight. All of the soak fuels were slightly yellow, except one that was pale
purple, presumably from stamping ink on the clement. The weight loss values are subject to some question because
of the severe post-test drying that was required.

According to all indications, the use of an in-line filter ahead of the test section is undesirable,
since the elements are affected by both trisolvent and the test fuel. The influent in-line filter was eliminated in
Configuration 2. in this configuration, the rotameter is located after the test section, so that the test fuel goes
dire~aly from the reservoir to the test stection without any intermediate components, braich lione, or dead-end
connections that might interfere with flushing or contribute contaminsAnts. At the amin tne, the reve~rsal of the
filtration-aeration procedure was instituted as described previously. We believe that this combination of equipment
and procedure, with closed rtservoir, last-step filtration, and no in-line filter, is near optitrrnm for minimizing
contamination.

(7) Oth~er Equipmient Modifications

In the regular CRC configuration, the system pressure pga. is located ahead of the test section but
after the influent in-line filter. Any pressure loss in the in-line filter will result in a pressure gage reading lower- than
the gas drive pressure. This becomes significant only in the care of certain defective filter elements that havem been
encountered. In thz configurations with nonstandird reservoir, the liressure gage is located after the test
section and effluent in-line filter, here, presisure losses ir the fitter-, occur regularly And cause large. dis-
crepancies between th-e gage readings ar'd the actual gas drive pressure. sometimes as much as 1,5 p~i dif-
feretice. Under these. conditions, the gage readings cannot be used to control thr gas-drive ptesutte. For this
reason, in the fir'4l version of the equipmenrt with nonstand-ard reservoir (Configuration 2), the pressure gige on the
cyfinder gAN regulator is used tit control of gas drive presiLur. The. downitrearn premiu: gage then serves only As a
check on tilter plugging.

Another niInotr nodification of equipment on the ctikers with otsadr re.%crvoir (6oitfigur;*-
ittos aI j-d 2) was lthe ý-istallstion of a triaiioneter flushing line A- indic~ited in thte fitsluv Ii Miii a convenience

&itert, permitting a thorough flu-h using mitionu n, quantities of flu-di

(8) A tr Sup4y for A warion

Menti'on shouild rw timare of diffiCulties with coritaminated air that were enicountered in earty test
.n la No I '~Bccaiite of tit inadequate tit drier ityiteri the at.: osd in aera~tin fwel umplet apparcntly

.cOntributed conta~monats in many, of the early tents. As sl-utcisd subseqaeitlý, -contimraiued air wai found to be
;eqkp'Vztbte for certains dimg-etemntni in resulti between the two) laborattorwi in fth!S plus am



19) Pr~ahor Color' MeOp

Severan difficulties were encountered in Moor-rating the preheater tubes. Ocrasional cases of
wipebl deposits wem encountered. aithotý ftese are relattively uncommon ir. the ps-drive ooket. tin these came,
wopng would generally lower the color nathW.~ but otocasionalh' a lig;St-o~oioad wipabl deposit would ovelay a
daike, adlheretit deposit. Both unwip~d and wiped ratings wtre tecorded, but breakpointf. were based on the
3nwiped ratings. Peacock deposits gave trouble in many ratings, since it was often difficult to distinguish whsere the
peacock colors left off and "legitimate" deposit coloss began. Peacocking, if dew ly identifiable as such, was ignored
in establisising the breakpoints. This approach is in line with the generally held opinion that peacock-colored
deposits represent ".s diin coatings, much thinne than deposits corresponding to the normal ASTM color o..des.

The most serious prob'em in color ratings was caused by the use of ans over-2ge "oor standard in
the early part of the program. This standaid was in use in the laboratory at the time SwRI assumed? -3ponsibility for
the program, and the dixcrepancy between standards did not come to lighit for some time. It was tuund in ak CRC
cooperative program that the SwRI ratings were consistently lower than those of other laboratories, and thit was
traced to the color standard. This over-Age standard was definitely darker than newer standards, so that a preheater
.ated No. 3 us ing the current standards wouild generAly be rated No. 2 using the older color standard. For purposes
of dL a identification, it should be noted that the old color standard was used in rating all tests run in "Lab No 2"
prior to 8 May 1%9. Test restilts baied on the old color sundard are identified as such in the tables of this report.

C. Test Results anM Discussion

(1) Preimninaiv Tan

Gsis-drive coker tests were run in Lab I on the "untreated" .JP-7 fuel designated fuel 12-U. These
results are susrimaiized in Table 3. The indicated breakpoint ina~ series of 15 helium-drive tests was 400)0F. Two
nitrogen-drive tests wenrimne in Lab 2 at thii6 tirre (so-e Table 3) ili'dicat ing a breakpoint of 450"P. The breakpoint
wus goveraed by preheater deposits in all c~zs; no signifkicnt I her plugging was observed with test temperatures as
higjh as 55uOf6SO 0F. The breakpoirts of 400-450*F were loi t,, han had beea expected for a JP-7 fuel, but are.
consistent with the previous handling hkistoty of the fuel.

(2/ Ne/iwi VS NitrOMe Or"v

Tests were run on the clay-treated JPa-7 Ne'. t,10-1241) w~th 2eliun aiid n1it".1SC- drivt; the :e-sults
are summarized in Table 4. The breakpoiints, in all cazct. related to preheater deposits. wete difficult to define
because of repeatabflity problemns in all excelt the fitst helium series, The only difference rrp test conditions amonF.
the ser~es was ihe use of 30-minute ae-ation in Strnes I (helium) and 3-mininsze aeratioa in the other three series.
)ifferen.-es in ocrAtion timte shcuild niot be texp&-t,-d to caume major variations mr teit results on thi-4 particular fuel.

which had been exposed to air ;hroughout its long history of handling and storage.- The bitakpoints obtained may he
su.rauriazed "s fodows:-

Helium, 30-main aseration 5S00F sharp breakpoint
"tehui-n. 3-min Aeration 5M")F, som,4,. failures at 4504 75OF
Nitrogen, 3-min aeration P5~.one pass 41 55*f
Nttiogen. 3-mmli seratfort 475'F. ont failure ai45^'

TI., howhr breakipoint in ?he firsm heliuim writs cannot be explzined by any reaminable theor)ý It

-.etation time wefte ensical. c.,ther brcaupt of diffcrtacos in dqe~e of samflitorl 4jr djfefeajCe-s 'ncrl nz~
coniabtri- km by the au. the lonptar.:W tirme 4*o.-U jov lower &Lreakp-lnts. cAe-ntr3--y to 'he aci'al ics~zts I
ai supplý tu~otJ for artustin at this :sine w*3, clw-,4aed by paning ai.- thimt a ttrap for Pit homaas; w v-sthic
C~ostsmfwsarit weft Otbtaired

The two, gas cyimnidas tame in thema ("~s weit sampled and checktd by mam 4%ecttwierv Mhe
heiumn showed N'' impurities The nitlori'g showtd wery small amounijs (below 0,04%) of A-n a~t~ntAcrffed msterial

to



7ABLE 3. GA&DRVE COKER TESTS
ON UNJTREATED 0-7

Aial 12-0

Test tea*, Irbeata w' Teo s I

Lab 1, cotf kiffloatgiudo 1, hduwm *w
P*fllndmai. WvtAo 30 nma

350/450 1 (1) 010 43 j S 17Apr69

375/475 1 (1) 0.2 K 5 28 Apr 69

4O001500 3 (3) 00 4? S 16.Apr69
400/500 2 (3)0 00 48 5 24 Apt69
400/500 3 (2) 0.0 53 5 b2'%x 69

425.625 2 We, OD. 45 5 21 Apr 69
425/525 4 (4) 0.0 47 5 23 Apr 69 l

4501550t 3 (1) o.(l 32 5 27 Aptr69

450/553 4 (2) 019 3V S IfApt 69V
450/550 3 (4)- d. 44 5 18 Apr 69
450/550 1 (4) 0.0 46 5 f22 Apr 69

475/575 4 (4) IQ 3A6 5 8Aw6
475/575 4 (3) 0.0 S5 5 7 Aw6W

500J/600t 3 (3 0I 4 5 2At6

5501650 4 f(4) 0,0 33 5 1 Apr 69

L Lab I'; LIy~L fofwli 1 1fmg *

4555 .39 k 4sf, ý I Lis~il 1 Vaprr69

wit moleculw we~ i.if m 31 Tlr -aitr-a ttVW 10*4teStU $ tjettI 46 X i~li

fatt"a hellutif ii' e 4.1 m i' ~ eri'l I t-tp euvrt dorml th- 4m,~ as Pay~ hvppca wtm )tr~ duart



TABLE 4. NITROGET VS HMAM IN GAS- in ambient temperature or a poorly f'wP tioning pressure

DRIVE COKER TUSTS regulator, the nitregen should strip more oxygen from
the fuel than waould be stripped by helium. If such strip-

F1 27ping should eccur, tests with nitrogen would presumably
Lab 1, CtA, 0 Ibe run at a lower avenwg oxygen content of the fuel,

hence ,Psould he milder.

ip. us The data do not support any such
W 6 A ft A. &raft.hypothesis. So far as ,an be determined from the data

. .... = shown, test severity ith nitrogen does not differ Pig-
(II [ , 62 ! ' My 69 nificantly from that with helium. In view of the prob-

SM:;• 2 (2) o0 3 i 5 s My 69 lems with repeatability, this must be regarded as a quali-
s25:&$ I (1) 0.0 14 6 . may 69 fled conclusion.

550/650 4 f4) 0.0 12 6 7 Mby 69
SMe 4 (4) . ?• I I 5 7 ty 69 All subsequent tests in !his program

"7.67 4 ( fib 60[ - 69 were run with nitrogen drive.

bS AW A. h i,. 3-aim awari
- - - (3) Effect of Prefilinatioa P-ocedure

4505s50 3 (3) 0.0 8 2 Juun 69
450,350 2 (3) 0D 92 3 Jun 69 Three seriet of tests were run com-

47S/575 2 (2) 0.0 90 6 2Jun69 paring pai-dris coke; results on Fuel 10-12-T using

475/',15 24 (2) 0.0 95 6 Jun 69 alte'nate preffltration procedures. One was the use of
475/575 2 (2) 0.0 9 5 6 Jun 69 Whatman No. 12 paper used with gravity-flow filtration,

it; ( is the regular practice with the standard ASTM fuel

50"M 3 (2) 0.0 94 5 5 Jun 69 coker. The other wa- the use ol .45 -micron membranre
500i0 4 (3) 0.0 97 6 u Jun 69 filit•s, as has bten the usuar practice with various modi-

525625 4 I ( I) 87 6 2 M fled fuel cokers. Improvement in apparent thermal
I )stability *hat is caused by the use of the finer filtration

ssoi55 4 (4) 0oe 85 29 M=-, (membrane filters) has been demonstrated for many

Sarin . NW.-If. vels. The current studies were performed using
-fl---~ -r-. - . .ninute aeration and nitrogen drive, in two labora-

4•0•550 1 (I) 0.0 93 5 26 May 6 tories. The results of this study are listed in Table 5
450/550 f 2 (2) 0.0 84 6 2% Wy 69

475/575 3 (2 0.0 81 s 22 Mtv 6) Comparing only the Lab 2 results. it
47V575T 3 •l) 0.0 86 6 27 U5 69' will te noted that the tests with paper filtration gave a

S060 4 j4) 0 0 80 5 ' May 69 very citar-cut breakpoint at 650'F. With membrane fil-
SM e (4, 10.0 K , -:6 2. May 69 tration, the breakpoint was also 6SO'F, but oczasional

M • 0) 0.0 a, 5 .7 %by 0• failures were encountered ct 600-625'F. Tne lack of any
5r25.4 4 114) 0 75 it. My ,mprovement by fine preifdtration pi-bably indicatts

0 ' I n that the fuel was qu ckrdan wher. takcn for test. or thA;
5m25'Z5 4 (41 0o M 5 ýmay any sohd contrmffinant particle were Uage enougu !hat

Io! 2 (2) 0.0 e it, by w eithet filter would remove t',em. Pits-rnably, tf particlj j () 00 7 j9 M~ay 6
55016I I ) 0 removal is not a crittac. factor, the rtuptr firavloin could

S~ tv Aqw, 1~ ,•mprove the appirent thermd stsbity by adst.ption ol
Srtrac ampunts c- poW co nants dmived in t,

44/5 2 4) 0.0 I Jun~fa~..e4MSl%9O 2 |(2) a * lt a,[ to•. Jun el9

01011 to:) A9 I~ I t.&
45 I (1) 00 o i0 o it The LAb I,..t p, pi l,•-ri rm rs 4t

41"$ IT J m 69 r-wf. no lurlwr #-.MS wrpf tuv at lower gltp ittem
•t 9 •o p n.re to de"fcw the t lb o4.aeoitt 4 5.," ,

L.. .l_. _ in_---- the f0A&zW *woo C =kfrA • -

MII 1



(4) Efha of eAik4aqpY COMmn~eiAN TAKE 5. IUIPITRATKIN MROCEDUIS IN4
4GA~mVEC I== TESTS

LAb 2 -had becoma eviden up= on spiriiq th 4dmm Fad~ IL2-T
tan the treate fuel 10-12,7%. Eathore MINIS~ iU Lib I tm eP A :od

indicated a bm1ak~t of abUt 4'75* fim theS fuel (Tdkl 4, M&OU' A*C
flitropcti drive), -wherma the Lib~ 2 ret,*ts with idesitical Vis
cedure had indicatut a btemkpoi!.: of 6WfP i(TAleS5, vq rh
filtration). At this asum, thme, 1Ab 1 tw obtabnin fi"dmu at At Vm-~ r r

ILab I, AwjNWOf
42rosschadcs btween the lao~aroi-sA r OMMe 501d 6 fCN411111111 J)

run. by exchanging cleaned, assembled hmfeater iicdlf om 1P 1) 0.0 112 3J4n9
determne whether differeiwes in this equpmenat mr Owth
-tcaning; procedures were affectMn Oth teat ressds. 1Ut 46- 0"~75 3 (4) 04 121 23 Jill69

ctepancy between laboratories still tzmed. After crows imly 4 (4) 0.) 122 23 JA If

checkin1g SwvCI)I- potheT sm6~b irm S oIZff the d15CtmJ)Sfl(. it VSX/75 4 (4) 0.04 110 2 Jul409

was determfined &-at conurwinatiun of th.; air supply used for --------

fuel aeration in Lab I was the primary source of eror. CAM. wjrVi8A~m~jm

Earlier. the filterd aft suppiy in ab!I had 4.101550 I (1) 0.0 559 3 Jul09

been checked qsxclitatively and found to be clean. liowever, I4751~5 50 1(1) b 5.4% 3 31169
after installatiosn of a more efficient chemical drme and some
elmaini of air lines and rephunbing, test results in this lbors- GOW675 2 (2) 0.0) 5613 15s Ji 69

603/675 1 (I) Ozc 5615 Ohal.4
tory fell into line. Also, a temporary recmwenion to tim old 601675 f 1. () 04) "629 23 Jul069
air supply led again to failing coker teats The following 60"6?5 1 (1) 0.0 5630 23 Jul69

sequence was observed in successive tests at 6001675*"F: 6S75 1(1) 0.0 5616 16 Jul69

625!675 2 (I) 0.0 5625 22 J'd69

TueL&s 25/675 I '1) 0.0 5626 22 Jul 69
unwiped (wiped) 650/675 ? M2 0.0 S617 16 Jul69

6501675t 3 (1) (10 5619 17Jul69
With rwprmW~. air supply, but lines not 6501675 .3 (3) 0.0 5624 18 Jul 69

yet clean~ed 4 (4) 6f0/6I75 3 (1) 0,0 1 jn I 1Jul69

After cklrbng lines 2 1 2) 6~565 4 (4) 0,0 71Jul 6
(2) La Z I.4IFROfm
(2) C1.t5sld O4.Iwr ow - J -d 41

2 (2)r
Aftef recoiuiri, :3 old 00te JW (69~~

(3)ui to067 04 I'ar 4~ 030 60 SS754.6

6OS 1 (ll 11)fl ja I J69

,ýhovgw *,1 abc. a (tilic pvt %Pg~r 4rip of m 4w obwre4 O'D , 1 9jt

Theiw~~OI dUolae Ittt jut st i~ 69
If -0 44w ~I Ju69

ho a mt ptrVe4 ~it tol d (Ii #tit tihe mfh#@tr iri~anriw e 'pte tt ý 4? hi
wam psrient dormsu all lci-ts 4m-wood tbt. foa. tw *&o! l Idq~l
tI!uIran7r "pnot 01t5 vir! of -. CirnCen~ t'LI mel olO 21ý't3 4' 91 Jg W 'u6V

quiltty v. i~wkimtltd) rivo~itsal HsWtvert, any t)-u1miT ttx frhs *& m~
toaa s ng ist ft .uarud 6 "0

free .Au n %* chk dY in" t Pf1ctt41 an tol Vyuaam - 1~~ - ~ 5
l-in~~~~~~ M1141 "a~h~f .wmw adUE tori)5 a04* 06lfli 00e towSbt~ (



fuel handling befare the test, so that it is first aerated and then filtered. This sequence was adopted for the two
"nonstandard" cokert at tha time they were modified to Configuration 2, in which there is no influent in-line filter.

At this time, the nonstandard cokers were moved to Lab 2, and further tests were run on the
treated fuel 10-1 2-T. Results are listed in Table 6. Excellent repeatability and a breakpoint of 6250 F are indicated
for tests run with both Configurations I and 2. Two uf the tests were run some two months later than the others as a
check on maintenance of fuel quality during its storage in the indoor aluminum tank. It should also be noted that
the breakpoint of 675°F obtained in these tests is in good agreement with the results obtained previously in two
different cokers (Table 5, Lab 2, 0.45-micron filtration, cokers I and 2), where the fuel was marginal at 625'F and
clearly unstable at 650°F.

In all of these tests, breakpoints were co,itingeit on preheater deposits. No filter plugging was
observed in any tests, once tl.c air-supply situation had been -esolved.

The treated J.P-7 fuel, 10-1 2-T. was used in further work on the effects of metal contaminants on
thermal stability.

(5) Auxiliary Analyses N

Samples were drawn for spectrophotometric analysis and limited inspection tests during certainri
gas-drive coker tests. in an attempt to detect cikhnges in fuel pioperties that could be related to coker results. The
effluent in-line filter element was removed for these tests, to minimize any improvemernt in fuel properties due to
'dt;ation after the thermal stressing. Also, the test filter was bypassed during sampling in some cases. The coker tests
inwolved were Nos. 94-97 (see Table 4, Series I!), which w:,e vun with helium drive and paper prefiltratiun of the
test fuel. No piugging of tme coker test filter was observed in any of these tests; the preheater tube rating; ranged
from 2 to 4.

Light transmittance data were obtained in tle visible (425 my) and ultraviolet (295-297 mpj)
regions. The test resuhs, shown in Table 7, are expressed as peicent:ýge decreases in transmittance on passing the fuel
through the coker. Very little change in visible-light transmittance was observed. Ultraviolet transmittance decreased
some 14-27% on passing the fuel through the coker. The most valid -omparison is given by Tests %-97, in which the
coker test filter was bypassed during sampling. The ultraviolet transmittance decrease was more pronounced for the
"failing" coker test which was run at the higher temperature. It is also interesting to note the diminishing effect on
light transmittance -,s the coker test progressed.

More data of this nature would be of interest -in Vemnpting to relate preheater deposit behavior to
changes in tqe fueis themselve-;. Because of other, more urgent probleirs in this program, no further work was done
along this line.

Coker effluent samples from Tests % and 97 were subjected to limited inspection lests. No

significant changes (in comparison with base fuel prop-rties) were found in gravity, flash point, ,; distillation, with
the exception of an unexplained decrease in the distAitation end pontn

Base fuetl ............. 494'F

T•it •7 efflucnt .. 4. F.

The fOl.owing Lhariges were observed in guni and acid contents

Base fuel Teli I* Te:a ,47

I-xir.ten! gum, i mS! 1 1-1i 3.8 2.2 4.9
Potential suun. mOJK9.) ml 31,8 2.4 48
Oxidation p:ecipitate, mg! IOC ml 0,0 0.0 0.0
NtCuttralizain ntih•t, mg KOWIg 0.003 t).0.t 00Ai

!4



TABLE 6. BREAKPOINT RECHECKS ON TREATED JP-7 FUEL

Fuel I0-12-T
Lab 2

Nitrogen drive

-~Filte

Test tetup, Tube rating, Test Coker ConfigoF unwpedl(Wl~ed) AP, •LDt
unwiped (w in. Hg no. no. no.*

600/700t 21 (2+) 0.0 133 5 2 13 Aug 69
600/700 2 (1 +) 0.0 134 6 2 13 Aug 69
600/700 2 (2) 0.0 191 6 2 20 Oct 69

625/675 3+ (2) 0.0 130 6 1 4 Aug 69
625/700 4 (4) 0.0 131 5 2 12 Aug 69
625/700t" 4+ (4+) 0.0 135 5 2 14 Aug 69
625/700 4 (4) 0.0 136 6 2 14 Aug 69

650/675 4 (3+) 0.0 129 5 1 4 Aug 69
650/700 4 (4) 0.0 132 6 2 12 Aug 69
b50/700 4+ (4+) 0.0 192 6 2 21 Oct 69

*Configuration I included influeni in-line filter, Configuration 2 did not. With Configura-
tion 1, fuel was paper-filtered and then aeratesd 3 min.. With Configuration 2, fuel was aerated
20 min and then filtered through 0.45-micron membrane filter.
tFlow rates too high (2.79-2.81 lb/lu).

TABLE 7. LIGHT TRANSMITTANCE OF COKER EFFLUENTS

_Fuel coker test no.
"" l 95 96 97

Test temperature. OF 500/600 475/575 475/575 5G0/600

Tube rating, unwiped (wiped) 3 (2) 40() 2(2) 4(3)

Bypass line during sampling Closed (losed Open Om-.

Decrease in transmittance at
425 m;.,

I5-mm %ar1pe I I 0 1

210 wil sample 0 I 0 O
~7

l~u ~'r~ I1 (0) 2

D D, rease in traosilit4ttmcc at

1 i(-mui sýau'IcI l I 2 C.

210-rmin i•ample i• i) 20 25

270raini niple 14

"It light transi.% ltafc'C Iefrncd t'. that of ure d hfi ,t [f.el rifwt•t inte oC -.I Icil



The changes are small but, in some cases, significant. So far as the gum contents are concerned, the
more severe coker test conditions (Test 97) gave significant increases Ji, gum.

(6) Metal Contents of Effluents

Effluent fuel samples were drawn Juring four coker tests for analysis for iron, copper, zinc, and
lead contents, as background information for subsequent work on metal-contaminated fuels. The results of these
analyses are presented in Table 8. The "base fuel" (filtered fuel sample prior to test) w2s generally metal-free within
the limits of detection, except for small amounts of iron in two samples and one instance of detectable lead.
Generally, the lead contents reported here must be regarded with some suspicion, in view of difficulties in the.
sampling and analytical procedures as discussed in a later section of this report. It is interesting to note that, in the
effluent samples, higher lead contents were encountered in coker 5 than coker 6; no explanation has been found for
this difference. Copper contents of the effluent fuels showed significant increases over those of the base fuels in all
cases. Copper pickup during passage through the coker could be caused by contact of the fuel with brass valves and
fittings on the cooler. If this is the source of the copper pickup, the phenomenon is of no importance so far as
thermal stability results are concerned, since these components are downstream from the test section. Another
possible source of copper pickup is the preheater tube itself. Preheater tubes in the standard ASTM fuel coker are
made of 2024 aluminum, which has a substantial content of copper and may well contribute significant amounts of
copper i, the test fuels. The preheater tube in the modified test section (gas-drive coker) is 6061 aluminum, which is
very un'ikely to contribute any significant amount of copper ito the test fuels.

TABLE 8. TRACE METALS IN FUEL COKER
EFFLUENT SAMPLES

Fuel 1O-12-T

Test and Drive Test temp, k ube rating, Metal content, ppb I
coker no. gas OF unwiped (wiped) Fe (i7 Zn*Z

Base fuel -- ..... <5 <5 <5 <5

85(5) N2  500/600 4 (3) <5 12 <5 3!*
86(6) N2  475/575 3 (1) 5 10 <5 <5

Base fuel .5 <5 <5 I0*
89(5) He 450/550 3 (3) <5 . 6 <5 12"
90(o) He 475/575 2 (2) <5 27* < 5 <5

fBase fuel ...... --- II <5 <5 <S5

91 (5) He 475!575 2 1(2) <5 7 <5 12*
91',6) He 450/550 2 (3) 5 180 7 <5

*Hean of wo dviermination; agreement within ±t10' of mean.

d. Precision Program -n Gas-Drive Coker

Prkir to the gas-drive cok r development work that hai been discussed thus Iar, SwRi participated in the '

('RC PhasT IC oas Trive Fuel ('oker Phecision Program. A total of II gas-drive coker tests were conducted oin three
fýils ide,,tff,j da F (OAF-! !)Y), F- RAF._h2j. id (G (AFFB-2P.4). 1a conjunction with 'his program, these furls
were alh. tested in the CRC research coker.

AMl gas-drwv coke; tests were conducted in accordance with The :henf-:urrent "'R( Revised Test Pro-
codite," CRC Ref. No. 5812-98.1, W G [Dukek. Coker no. 1, in ('onfi-uratio, 3 .sca Figorc 3) was used in running
these tests. The SwRl rucs1dt¶ are lsted in Table 9
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'1 ABLE 9. SwRI RESULTS IN CRC PRECISION PROGRAM

All gas-drive coker tests at 2.5 lb/hr in coker 1, Confijuration 3
All reearch coker tests at 6.0 lb/hr in coker 4, ambient reservoir

Tet temp, Unwin, I Filter Test
tube rathie A, I0. Date

I te I .ter 2 Lna. H .

Fuel E, ms-drive cAer

475/575 0 0 0.0 5388 13 Feb'69
475/575 0.5 1.5 j. 5418 6 Mar 69
525/625 0.5 0.5 0.0 5389 14 Feb 69
575/675 1 0.5 0.0 5386 12 Feb 69
575/675 0.5 0.5 0.0 5391 17 Feb 69

Fuel E, research coker

475/575 I ! 0.0 5390 14 Feb 69
475/57' 1 Co.1 5396 19 Feb 69
500/600 2 2 0.4 5298 20 Feb 69
525/625 2 1.5 0.1 3399 24 F(b 69
550/650 1.5 '.5 0.2 5402 25 Feb 69
575/675 1.5 2 0.1 5403 26 Feb 69
600/700 I 1.5 0.0 ý406 27 Feb 69
625/725 1 1 5 Q 3 5407 28 Feb 69
650/750 1 1 0.1 5411 3 Mar 69
675/675 1 1 0.1 5414 4 Mar 69

Fuel F. gps-dive corer

5K:%625 1 0.5 2 0.0 5395 1ý Feb 69
5751 1.5 2 0.0 5393 18 Feb 69
625/725 2.5 I 0.0 5397 20 Feb 69

Fuel F. research coker

550/650 0.5 0.5 0.0 5417 5 Mai C9
575/675 I 1.5 0.0 5423 7 Mar 69
575/675 2.5 3 0.0 5424 10 Mar 69
575/675 1 1.5 O.u 5442 18 Mar 69
601700 J3 3 0.0 5419 6 Mar 69

Fuel G, ps-.nme coker

5675 1.5 .- .00 N400 24 Feb 69
625/725 1.5 2 0.0 5401 25 Feb: 69
675775 6 j ) U.6 5404 26 Feb 69

Awl G. Primn h crker

"6W/700  12 Q 2 I I Mai 6
62.125 T 7 Z 2 0.5 5432 1. Mi 69
6 050 09 i 541 13 Mat69
6 k 5C 1440 1 7 M,9j

0u5J775 4' 4 LO 0 43*ji4 utr6V
ok1 W



Tube ratings shown in Table 9 are all unwiped ratings made independently by two technicians. As
discussed previously, the original ratings (shown in Table 9) were made against an over-age set of color standards. All
preheater tubes from these tests were furnished to another participant in the cooperative program, for comparative
rating.

It will be noted in Table 9 that the research coker results gave high breakpoints for all three fuels. These
were. in fact, far higher than had been predicted from previous experience with these fuels:

Expected, *F Actual,. F

Fuel E (RAF-I 79X-64) 475 >675
Fuel F (RAF- b2-60) 525 575-600
Fut I G (AFFB-2P.64) 575 675

A careful review of the research coker tests failed to reveal any reason for these discrepancies.

As a part of this program, three sets of 10 tubes each were shipped to SwRI for comparative rating.
These have been rated and are being retained.

After the program had been completed and the data were being analyzed, it was found that the SwRI
tube ratings showed a consistent bias toward assignment of a lower color code to a given tube than would be
assigned by the other participating laboratories. Investigation revealed that the color standard in use in the SwRI
laboratory was one that had been in use at the time SwRI assumed responsibility for the program, and that the
standard w-s different from others in current use. The color standard in question was very old and, in fact, carried a
CRC designation rather than ASTM; this indicates that it predates the ASTM takeover of the standard fuel coker
test. This standard was definitely darker than the current standards, especially in the middle range, and the shades
were somewhat different. Thus, SwRI ratings of a given tube, using this standard, were low. The reason for the color
difference has not been determined. Possibly the coiors have been affected by aging; if so, this should be a matter of
concern for all users of color standards. It is also possible that the original colors are in disagreement, i.e. that the
colors of newly produced standards have not been held constant in manufacture.

All 30 of the tubes from the comparative rating program (which had been retained by SwRI) were
rerated using a current ASTM color standard, and the results we-e furnished to CRC.

At the same time, the outdated color standard was removed from service, and all subsequent coker

ratings in the over-all program rcoorted here were based on current color standards.

3. EFFECT OF DISSOLVED METALS ON FUEL STABILITY

a. Background

In a previous study( 2), it had been demonstrated that JP-7 thermal stability was affected very adversely
by storage in contact with certain metals and elastomers, and that the fuel deterioration was associated with
increases in content of dissolved copper, iron, zinc, or lead. In the case of the zinc and lead, which showed up in
fuels stored with nitrile rubbers, conclusions on the effects of the metals were somewhat ambiguous, since ofher
contaminants extracted from the rubbers by the JP-7 fuel could augment the effects attributable to the lead and
zinc. The present work has been aimed at a clear-cut definition of the role of these metals in. degrading the thermal
stability of JP-7 fuel, with a view toward using metal analyses for control tests during storage and material com-
patibility studies.

The studies just referenced were based or. the use of the gas-drive coker for measuring fuel thermal
stability. Most of the present work was also based on the gas-drive coker. A small amount of work on effects of
metals was performed using a new test device for thermal stability, the JFTOT coker. This work is described in a
subsequent section of this report.

18



ADl metal analyses reported herein were performed at Monsanto Research Corporation under the direc-
tion of Dr. W. G. Scribner. The methods for trace amounts of copper, iron, and zinc were summarized by Lander( 3),
the method for iron has been discussed in more detail in a report by Scribner and others(4 ), and the method for lead
is presented in a recent report by Scribner and Borchers(S). In our discussion of the results of the lead determina-
tions, wc have quoted from private communications from Dr. Scribner, without giving specific acknowledgment in
all instances. We wish to acknowledge here the close cooperation and valuable comments of Dr. Scribner in this
work.

Thus far, the work in the current program has been confined to determining the effects of dissolved lead

and zinc on the thermal s.ability of JP-7 fuel.

b. Fuel Blending and Metal Analyses

The metals used in this program were in the form of commercial naphthenates.

The two JP-7 fuels identified in the previous section of this report as "treated" and "untreated" (12-U
and 10-12-T) were analyzed for metal contents with the following results:

Metal, parts ver billion
Fe Cu Zn Pb

12-U 57 <5 <5 22
10-12-T 5 <5 <5 8

The additional clay treating of the JP-7 fuel lowered the iron content very significantly. The lowering in the lead
content is probably significant. The high iron content of the untreated fuel is quite normal for fuel that has been
through a variety of hand!ing equipment and procedures. The lead content could be derived through trace con-
tamination with residues of leaded gasolines in fuel handling equipment, or it could be de.rived from elastomeric
components of fuel handling equipment. In any case, the metal contents of the treated fuel 10-12-T are all
sufficiently low that the fuel is suitable for use in studying metal contamination effects; this fuel was used in all
subsequent studies involving metals.

The lead and zinc naphthenates were blended with the 10-1 2-T fuel as concentrates containing 250 and
2000 ppm of metal, respectively. These concentrates were blended in one-gallon amber glass bottles and kept in cold
storage. Metal contents of the four origina! nalphthenates and of the two concentrates were verified by analyses
conducted by Monsanto Research Corp., the results of which are listed in Table 10. The lead and zinc concentrztes
were then used to prepare test blends in the parts pe-r billion (ppb) range by mixing with additional amounts of
10-1 2-T fuel. Test blends were generally 14 gallons and were prepared in stainless steel containers. Samples were
taken from these bletids in glass bottles and submitted to Monswnto for analysis for metal coitent. The initial data,
which are listed in Table 11, indicate zinc contents somewhat lower than the nominal amounts added, and lead
contents far lower. Rechecks by Monsanto on the lead analyses indicated that the results were correct and that,
apparently, large losses of lead were occurring at some utage in the sample handling. It will be recalled that this
problem did not exist with more concentiated solutions of lead naphthenate (Table 10), where the analytical results
on a 250-ppm concentrate gave close agreement with the nominal lead concentration.

It was suggested by Dr. Scribner of Monsanto that the most likely cause of the lead loss was
adsorption on the interior surfaces of the glass sample b'attles. For the data reported in Table 11. no control
had been exercised over the time interval between sampling and analysis, and this interval varied from a few
hours to as much as several days or weeks. A controlled experiment was then run, in which a 100-ml fuel
sample was blended (in glass) to a nominal lead concentration of 487 ppb and then analyzed for lead
content, with the following results:

3 hr after blending ...-.-.-.- ... 316, 277 ppb
22 hr after blending ..-.-.-.-.- ...- . <5 ppb
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TABLE 10. METAL CONTENTS OF NAPHTHEN,' i ES AND FUEL CONCENTRATES

Nominal Average
Napthenate concentration, % metal found %Aetal

% metal e

Z-1 (zinc) 8.0 8.34* 8.59t 8.43t: 8.39
I-I (iron) 6.0 5.95** 5.86*0 5.91
C-I (copper) 8.0 8.32tt 8,43tt 8.31ft: 8.37t:t 8.36
L-I (lead) 24.0 24.2**$ 24.2*0* 24.2

Metal-fuel NominalAverage
concentrate concentration, ppm metal found pv etalppm metal mM

S-I (zinc) 2000 2000ttt 2090ttt 2090
S-I1 (lead) 250 2474: 247

*Organic material was destroyed with sulfuric-nitric acd. Metal was titrated at pH 10 with (ethylene-
dinitrilo) tetrascetate (EDTA) using Enochrome Black T as indicator.
tTwo-phase titration with EDTA using Zincon as indicator and I 1: 1 isopropyl alcohol-benzene-
water.
tSample was dissoled in toluene and the metal ion was extracted with aqueous acid and sub-
sequently titrated at pH 10 with EDTA.
**Or•nic matter was destroyed and iron was titrated at pfi 3 with EDTA using salicylic acid as
the indicator.
ttMetal ion was titrated with EDTA at pH 4 using PAN indicator after destruction of organic
matter with sulfuric-nitrk acids.
$tSomple was dissolved in toluene and the metal ion was ertracted into aqueous acid and sub-
sequently titrated with EDTA using PAN indicator.
***Same as st: Xylenol Orange indicator.
fttExtraction of 50 ml of fuel with aqueous acid; metal ion was titrAted at pH 10 with EDTA.
t$Two-phase titration with EDTA in the presence of 1: I I isopropyl alcohol-water-fiel; Xylenol
Orange indicator at pH 5.

TABLE 11. METAL CONTENTS OF FUEL-NAPHTHENATE TEST BLENDS

Pb Pb Zn
Sample added, found, S pe added, Zn found, ppb*nlO. nO.ppb ppb* ppb

0-.12-T 0 8 10-12-1 0 5

M-4 530 <5t M-1 6250 5280(5340.5210)
M-4B1 530 I8
%4-6 530 44 M-2 3000 2540 ( 2570,2500)
M-8 530 9 M-3 3000 ?710 (2670,7 50)
M-10 530 98 M-3Bt 3000 298O

M-5 301 2.%0
M-1b 375 M-7 3000 1820 (I8W.1830)

M-9 3000 210(2480,2240,2220)
M-12 50 183
M.13 250 1 MN-Il O0 5:0 (545,4%0)

M-14 1000 730 (745,715)

M-17 500 390

'Up* dvflti mimats Me iewap if %I4wdk*a Tab ar thow" W pulO
f D~saterwAfVo Wafrmed 7P &qpcsab Xpo'il amUiUWS ttimm 5ffheilt by aal
b a arrat, onlOG-mt mm . of rem <3S pg,.I t1.e =$at hm "u ba6a "Md .
*0 town *vdeW" of ttme a t New aap4 pr.s"t" "Put "k- f"40
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Further data on simidlar blends have been reported by Monsanto(5 ), comparing the effects of glass and
polyethylene storage vessels:

Lead content, ppb Recovery,
Taken Found %____

Glass. fresh blend 542 396 73
Glass, after 22 hir 542 74 14
Polyethylene, after 22 hr 419 286 68

The effect of glass containers in depleting lead from naphtheriate solutions is thus shown to be relatively
rapid and very severe Polyethylene has less effect, if any; the losses that were observed could have been caused by
contact with glass during the pipetting of aliquots for analysis. Another possibility for the apparent loss is inter-
ference of naphthenate anions with the formation of lead klithizonale and its subsequent extraction. Incidentally,
these considerations do not Lpply to fuels contaminated with lead alkyls, e.g., jet fuel contaminated with aviation
gasoline, since Monsprnto has reported consistent results (12 ppb) on jet fuels doped with 100 ppb lead in the form
of tetraethyllead and stored in glass.

The 14-gallon test blends prepared by SwRI werc not stored in~ glass at any stage in their preparation or
handling; therefore. it does not necessarily follow that any significant losses of lead occurred between blending and
testing for thermal stability. Adsorption on the stainless steel containers, filtration equipment, and fuel cokter
reservoir is a possibility, but the large volumes of fuel involved would tend to reduce the relatie effects. This

* question has not yet been resolved, pending the development and checkout of suitable s=mple handling methods for
the lead analysts. Indirect evidence from the thermal stability tests themselves indicates that relztively large amounts
of lead do remain in the test blends. The lead anid zinc corcentrations reported in the subsequent discussion of
thermal stability are the nominal concentrations added.

Currently, the sampling technique for lead analys -s has been changed in order to avoid losses caused by
adsorption. Each sample bottle is cleaned with nitrit: acid ank rinsed with distilled water and reagent-grade acetone.
A weighed amount of the test fuel blend, roughly equal to tie aliq:Iot required in the analysis, is poured into the
bottl. This sample is then analyzed, using nitric acid to effect a quantitative transfer of all the lead from the sample
bottle. No result, are yet available on samples handled in this manner.

(ias-Drive Coýrer Results on Metal Naphthenate Blends

Test results are sumwaaiized in Table 12. As no ed in the table, all of the iests were fun in cokeis
5 and 6, i.e., those- with nonstandard fuel reservoirs. Som! of the :erly te-st~i were run with these cokcrs in
Ct, figura~tion' 1, with the test procedure including paper Ciltraiix; followed by -3-minute aeration The
majowi (if the tcsts were run with, the cok.ers in Configiratuion 2 (influent in-line filter omitted), with the
test procedure including 2ti-minuic jeratron tbl)lowcd by 0 .kiS-icrmi filtraftion The early results art somnewoiat
suspect because -Ai air contamination difficulties, is disc issed previously. Nevertheless, the test results on
metal rsaphthenate hlends showed little of no difference h.-twetn the earlier tests and the later tests, and All
;ire grouped together tOr discussion.

Pcactxk-ýoored deposits kyn the preheater tuhs-s were observed in mAny of th,: tests 404i wete
generally ignored in arriving at the maximum preheater cAlur rstitv. in, view of the generally held opinion
that such cohics represent very- thin dirpostit. In somte cafes, the peacockong wnss ektensive At to in1terfere
Witt IiPiOpel rating of the t2.ihc%



TABLE 12. EFFECT OF METAL NAPHT!IENATES ON THERMAL
STABILITY OF CLAY-TREAI'ED -P-7 FUEL

Fuel 10-12-T

t•..�S 5and 6. nitrogen drivega
Confimwation 2, Lab 2. except as noted

Aerated 20 iran, then 0.45-micron filtered, except as not,4

Test temp, rube rating, Filter Fuel s TtApt ] Wantd I no[Date
OF unwiped (wiped) o - no.

530 ppb added Pb

250/350 1 (1) 0. M-4 117t 14 Jul 69

275/375 1 (0) 0.0 M-4 119t 15 Jul69
275/375 1 (1) 0.0 M-10 161 15 Sep 69
275/375 1 (1) 0.0 M-10 16b5 17 Sep 69

300/400 2 (1) 14.9 M4 !13t 10 lul 6h
300/400 1 (1) 8.7/270 M4 115+ 11 Jul 69
300/400 1 (1) 1..4 M-.I IP9 12 Sep 69
300/409 1 (2) 4.1 M-10 163 ;6 Sep 69

325/425 1 (1) 17.9/240 M-10 157 11 Sep 69

"150/450 2 (2) 0.0 M-6 142$ 20 Aug 59
350/450 1 (1) 20.0/170 M-10 15$ 10Sep69

375/475 3 (2) 0.4 M-8 153 9 Sep6 9

400/500 1 (1) 0.8 M-8 147"* 3 Sep 69

400/500 4 (2) 0.0 M-8 152 8Sep69

425/525 1 (1) 13.2 M.8 151 5 Sep 69

450/550 1 (2) 2k ?A M-6 137 t 1 ý; Aug 6)
450/550 3 (4) 0.0 M-6 140t 1, Aug 69
450/550 1 (1) '2.1 M-8 149 4Sep69

6W0/700 4 (4) 0.0 M-6 139$• 1 8 Aug 60

3 75 ppb added 1b*

275/375 1 (1) 0.0 M-16 201 31 Oct 6927S/375 I (I) 0.0 M-16 205 4 N,1

S300/400 1 (2) 7.2 M-16 199 30Oct 69
•!300/400 1 (I) 6-2 M-I.. 203 N1, 69

tLab 1. Coaftwatiia 1. flp" ,ed, t1• mm wtd 3 mi
t1W ramw Wo NO (1.6-•9 Iblhr).
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TABLE 12. EFFET OF METAL NAPf1THNATES ON THERMAL
STABILIT" OF CLAY-TREATED P-? FUEL (Coetd)

Fud IO-12-T
Cohn' 5vii 6. nlm'gm *bv So

ConJulpma 2, lab 2. exnW aomtu
Aemud V0 m. ihen 0.454-r 'ibw ee, qt m• nowI ... .... .. ..

Tes temp, Tube ratio. 0, Tte
UF u pe'l (,,•o in. He go.

3 73 pp lmdaN-(i ab W
325/425 1 (1) IOA230 46 197 29 Oct 69
350/45S0 r (i) '11.0/161.M 1 195 28 Oct 69

250 W;b added P5b

400/5WO 1 00 O0 16 26 Sep 69

425/525 1 (1) 00 M-12 168 29 Sep 69
425152- 1 52) 0.3 ,-13 177 7Oct 69

450/55(3 4+ (3) 0.0 M-12 166 25 Sep 69
4•/5.1, 1 (1 0.0 M12 16 1Oct69
450/550 4+ (4+) O0. M-12 173 3 Ot69
450/55•) 1 (1) 0.0 M-13 170 8Oct69
$501550 1 () 0.! M-13 180 9 Oct 69

500O/6W0 3 (3) 0.0 M-12 171 2 Oct 69
500/600 4+ (4+) 0.0 M-13 181 10 Oct 69

125 ppb added Pb

4501550 1 (1) tl.0 MA-1S 187 16 Oct 69
450/550 1 (1) 0.0 M-15I 189 17Oct69

475/575 1 (1) 0.0 M-15 193 21 Oct69

530600/ 4+ (3) M-IS 19S i5 Oct 69
(X)/bOOi 4+ (4+) 0.0 M-15 14 22 Oct 69

6250pFb a.!-ed Zn

359/A0 3 (4) 0.0 M-1 105t 25 w', 69

425/52 4 (4) 0.0 M-I 1040 24 Jum 69

iAkX ppb, adr I
5~(i N 5 11()M-2 1I07f JO Jun 69

ftib 1 C4 #ao 1. p:pm . iofld. t. *Wl 1,44
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TABLE 12. EFFECT OF WETAL NAPfI'rENATES ON THERMAL
STABILITY OF CLAY-TREATED JP.7 FUEL (Coat'd)

Fueld 10-12*T
Coke Saed 6. ,Umgm dW gs

COmegvwnio 2Z Lab 2, e=W.a noted
Acmited 20 no% tden 0.45.rnokm r lujzd., excqt as noted

Ted sFtPj Tube rati4, Fp dF Testd
7 7eped(wiped) tA. _ Da.

275/375 1 (1) 0,0 M2 109f 2Jul69

3/4001 4 (2) 0.0 U-2 108t 1 Jul69
0/400 1 (1) 0.0 11-2 lilt 3 Jul69

3001400 1 (1) o0 M-,' 114t :O u 69
300/400 1 (1) 0.0 M-7** 144 29 Aug 69
300/400 1 (1) 0.0 M-9 158 12 Sep 69

325/425 2 (2) 0.0 M-3 116t 11 Jul 69
325/425 4tt (4)1" 0.0 M-3 1M 15 Jul 69
325/425 4 (1) 0.0 M-5 143 20 Aurg 69
325/425 1 (1) 0.0 M-7*0 145 2 Sep 69
325/425 1 (V) 0.0 .-7** 146 3 Sep 69
325/425 4 (4) 0.0 m-9 156 11 Sep 69
325/425 1 (1) 0.0 M-9 160 15 Sep 69
325/425 2 (4) 0.0 M-9 162 16 Sep 69

350/450 4 (4) 0.0 M-2 106t 27 Jun 69
3ý0/450 3 (3) 0.0 M-3 1! , 14 Jul 69
350/450 3 (4) 0.8 1 M-5 141 19 Aug 69
350/450 2 (2) 0.0 M-70* 148 4 Sep 69
30/450 3 (3) 0.0 M-19 154 10 Sep 69
3S0/450 4+ (4+) 0.0 M-9 164 17 Sep 69

400/500 4 (4) 0.0 M-700 150 5 Sep 69

450/550 4 (4) 0.0 M-5 138 18 Aug 69

I100 ppb aded Zn

300400 1 (1) 04 M-II 175 60ct 69

325/42S 1 (I) 0.0 M-l i 176 7 Oct69
5/4$j 1 (2) 0. j M-14 182 10Oct 69

*Few A~t *I0 Xl mi jam46*wwka
"gLh* . qftoom , PcWAN& 6 1 oe0 g maww"", -cek, ~ o~m, a to Ww 6who n wmq d

*tHmwy ~c"cA Oiii iaw.ma cchn am&. utw4o" Vkvt



TABLE 12. EFFICr OF METAL NAPHTHENATES ON THERWAL
%TAI5UTY OF CLAY-TRtArED W-7 FUEL (Cont'd)

Ful 10-12-T
.okem 5 ad 6. uft"p" dr'i g

Coertweom 2, Lob 2. emxcq a ewi
Amet 20 xaL *.A 0.454-rm flawed., cqt a wooed

Test temp, Tube rating. FOW Fuel Tea
F mwiped (wved) Vn. bwd T0t Date

350/450 4+ (4+) 0.0 M-1 1 174 3 Oct 69

350/450 1 (1) 0.0 X- 1 171 8 Oct69
350/450 1 (1) 0.0 M-14 183 13 Ocf'9
350/450 1 (1) 0.0 M-14 186 1 #Oct 69

375/475 4 (4) 20.0/187 U-14 188 16 Oct 690
375/475 4+ (4+) 20.0!121 M-14 190 !7Oct 69

400/500 4+ (4+) 115. )/80 M-0l 172 2 Oct 69
400/500 4+ (4+)1 20.0/72 M-14 184 14 Oct 69

450/550 4+ (4+) 0 0.0 M-11 170 1 Gt 69

5W ppb added Zn I
325/425 1 (2) 00 3 M-17 198 29Oct 69
325/421 1 (2) 0.0 4- 7 202 31 Oct 69
325/425 1 (2) 0.0 M-17 206 4 Nto 69

350/450 1 (3) 2.0/75 M-17 200 30 Oct 6•1

350/450 1 (1) 10.5/75 M-17 204 3 Nov 69

S375!475 4 (4) :09.31'60 M17 % 28Ot6
:9/ -117 j196 2 OCt 69

*Filt 2%• At 30u zii uaiem oaharwise tadicate.

The breakpomts of ¶he varmous metal naphetbnmae bends are wmsawazd beow

Metal &dded. Bteakpcam2.-

ppb OF Remrka

Sone625 (tUbe)

I. Pb S0 (1tube)
250 ft 0O0 (tub•) Resis entic at 4WOVF

375 Pb 30 (fidif) %L- tw* f*Aws u 4p to..S O F
530 Pb 1 tier! O tuw fiim'" mboe.114.5ý

CY-m IWe 1 5f4"ef) Tube INV"t a 3751"

10%-1 In i. 't uibc F*watw gv#god t 375'
MXE i SO (tutwi Rr"IS entacu let 321,

'0 In. .0 1tubO OrAw Iwo tests run



Both the lead and zinc gave very drastic reductions in brepkpoint, amounting to about 1 25 F for the
lower concentrations of lead and some 250-350'F for the higher concentrations of lead and for all zinc concentra-
tions that w~ere tested. Filter plugging was the mode of failure at the higher lead concentrations and at the lower zinc
~orcentratiom~, i.e., in the range of 375-1000 ppb of added metal. The data on the lead-contaminated fuels showed a

generJ trend toward lower breakpoirts as the added-lead concentration was increased. For the zinc-contaminated
fuels (all at relatively high added-zinc. concentratior~s), breakpoints were a.l SO low Lhat no trends couid be observed.

The ranges of' lead and zin.. concentrations that were chosen for these series were based on results
obtained in a previous prograrn( 2), which are surmnniized in Table 13. In that program, JP-7 fuel was stored with
various elastorriers and ý)ther materials. Both lead and zinc were extracted from the eiastomers by the fuel, and, since
both metals were presetii., no assessment could be made of individual effects. Reductions in fuel breakpoint were of
the same order of magnitude as those found in the current tests with added metals. In comparing results of the two
programs. it should be kcpt in mind that tht chemical form of tLe metals in the eaiiier tests is unknown, and also
that the reported metal contents in the carher tests are the results of analyses that may have been influenced by
losses of metal in sample containers.

TABLE 13. SUMMARY OF EiASTOMER/FUFi.- COMPATIBILITY TEST
RESULTS FRGIA PRE\X'.*US PROGRAM( 2 )

M-etai content,

Fuel storage, pb Breakpoint. *F

Original JP-7 10 -- 625-675t (tube)

flose liner A, 16,weeks 528 21700 375 (tube) I
52 weeks 33 2250 350 (filter)

Hose liner B. 16 weeks Y_' 4600 400 (tube and filter)
52 weeks I 34 1570 400 (tube aind filter) I

IGaskets. , 6 weeks .40 1 6900 450 (tube)

52wes9I 5900 350(tube)

Fiomn a connoarison of the -results of the two programns, it is ob-:ous that either lead or zinc, at thle
coc~~tosfudii, the storage ptugram, could he enltirely responsible for the observed degradation if) thermal

-itN~ty,ý .,it s otnecessaty to Postillauc the presence of other extractable contamiranth. The metals in h
stored fuels may well have tteent prewtnt in the form of salts. of organic acids,. which would be ex pected to I
ttehaive likc the nsphthcnate5 irt the later progijai w-th te5,Atd Ito thermal snibiliiy and inetal losses oil simple

h an J!

thus. the lAtici Pn~tran tus -oof'irned the nscflflnes,; o* ;ncta!-cn!enit dq!; 4s An iamdicatur of fuil
dipgaads Iit)P b~it it h.ý% failed, to plev.de ally quantitative co~ielaton. Exict correlationis are highly improbable will,,
Ili: -'Wircni tire of :he art -io ihemawl SAbidii~ testin*. tlowes'c-, it is quite clear lrom thc dita relxmrtd here that as~
!avtk as 1`5 PPb lead or 5(X) ppb linc, ib iw~Vej iin tne fuel its A metal wilt, canl c~us . a srmous derar~dauton inl the07 stiibdity of P 7 fwl .e n w cehe ~ t ~ i

~hrwork int it is area thai will he of sinterest itw~udes týa; titm-Nishtun minimtumi concentf Atons ol

tsi Aioy if!-' vled invwst -zatinton ot -- eqcim ireur eiiixtno eiiur n %tiltvadWieig



for analysis, as well as some means of determining thermal stabffit' that is less cumbersome thian the gas-drive coker
breakpoints and at least as reliable.

4. EFFECT OF COATINGS ON THERMAL STASILITNI

A limited investigation wa.. conducted to determine the effects of certain fuel-tank interior coatings on
thermal stability. Similar studies had been conducted on other coatings by a previous contractor. The results
reported here are limited to those obtained by SwIR!.

The coatings investigated aue identified by type only, as follows:

A. Inorganic zinc
B. Inorganic zinc
C. Epoxy

D. Epoxy
E. Epoxy
F. Epoxiy

Panels coated with A, 8, and C (one each) were receiverl from the coaiing manufacturer and subjectad to soak
tests in additive-free JP-7 fuel. The panel size was 2 X 6 X 1/16 in., and the fuel volume was 875 ml, gi~ving an
area/volume ratio of 108 in /gal. Each panel was
completely immersed in fuel in an irdividual glass jar, TABLE 14. MICRO FUEL COKER RESULTS ON JP-7
loosely capped. After storing for 14 days at 030 ± FUEL FROM SOAK TESTS ON COATINS
5'F, the coated panels were removed and* L.xamined
visually. No softening, blistering, peelir-l;, lack of.
adhesion, or gross change in appearance wai detected. Ijiiewrature, *F Tube
Thermal stability of the soak fuels was compared tFuel-outi Tube rtatig
with that of acontrol fuel (parallel wet with noPrtetfl3867

"Micro Fuel Coker" was used in the thermral stability 37S 6501
evaluations because of the limiri4 amocunts of tcst, 375 650 1
fuel. Test results are listed in Table 14. 375 650 2

These data indicate marginal thermal stability Control sample 375 650 2+
for the original fuel at a tube temperature of
650'F. Exposure to the coatings had rio rne~sur- Soqnakeo. coating A 37 650 2 I
able effert on the thermal stability in this test Soaked. c ainh B f 375 650
apparatus. Poor repeatability of resillts is evident Soaked, coating C 375 65C
in the three replicate tests ai ` 5/650 on the
original fuel. The tube iutings probably are biased downwaid-: i.e.. the true radngs may be ht&er because of the use
of ar outdated color standard as discussed 6i. ...etwior, [1-2 - However, this bias will be zonsistcet., so that the rsnk of
the rmiti.gs will remnain uncharged.

Th1.ee otlief catrings, 1). E, and K, *etc chNcked fom effect (in fuel by procedures generally similar to those
specified in MI L-STO. 1262,

For the .JP.7 -wak lust, two coated panels were immrersed tit 10. galons of test f~ie!, jiv:ing an arealvolwue ruoo
of So) In' /gaL. For each coating te-ited, two such a:sernblies wert preparedi. along with a conttrol assembly containing
test furl but no panel.,. The assemblies %Yere ;tolrcd for 35 days at 70.90'F, after which the rtals were
remouved znd .hecked for thermal stability as mewasured by the pgAfwtdve Loker. Test results are summarixed in
Tahle 15. Bieakpoints of (h75OF with lube raiumgs of 3 were observed in 4ll cases, except for zwo P-ts"se at
eh7i'F that were ol~rwrvcd with the Code D coated panels. No filter pluggng ":wwed in any of the tests.
Neith-r costing caujesi any loss of thermal ltability. ihe' 1iight apoarent Pini relp-tered by coating 1) is wý

f~ ~ri



TABLE 15. EFFECT OF COATINGS ON FUEL THERMAL. STABILITY

JP-7 fuel, stored per MIL-STD. 1262
Cokers I and 2, Configurations 3 and 4

Nitrogen drive
Fuel filtered 0.45-micron, aerated 3 min

Test temp, Tub. rating*, Filter Storage Coker Coker
O unwiped AP, sample test Date

F u WId(p) in. Hg no. no. no.

Control fuel (stored 4ithout panels)

650/675 2 (1) 0.0 --- 5408 2 28 Feb 69

.675/675 3 (3) 0.0 -.- 5405 2 27 Feb 69
,Ii,, 7f! I 5410 2 3Mar69

I j k4) 1...L i _____

Fuel stored with Code F coated panels

650/675 1 (1) 0.0 1-i 5412 1 4Mar 69
650/675 2 (1) 0.0 1-2 5416 2 5MMar 69

675/675 3 (3) G.0 1-1 5409 1 3 Mar 69
675/675 3 (2) 0.0 1-2 5413 2 4 Mar 69
675/675 3 (3) 0.0 1-1 5415 1 5 Mar 69
675io75 3 (2) 0.0 1-2 5420 121 6 Mar 69

Control furl (stored without panels)

650/675 1 (1) 0.0 - 5472 2 9 Apr 69

675/675 3 (3) 0.0 - 5470 2 8 Apr 69

Fuel-stored with Code D coated panels

650/6"15 (1) 0.0 E-2 5482 2 15 Apr 69

"675/673 1 (1) 0.0 F-1 5473 2 10 Apr 69
675/675 (I) 0.0 E-2 5476 2 I11 Apr 6Q
675/675 3 (3) j ,0 V-2 5479 2 14 Apr 61

*AjU tub"s *vet fated using an ouldattJ olot itsndard twc Soc tion 11- 2) Ratings listed may
tse slifstly lowet than truc ratings

Coatmig D, E, and F were checked in 2-gallocr exposure tests with JP-4 and JP-5 fuels. In, ,ction tests
orm tL Net~s were run by another liaboratur, and the remhits were turned over to the Prcptilsion Lalbratorv

forus In tt ei- over-all ptoopam of tank co.itimi evaluation.

!f I fFECT OF FUEL ADOOITVES ON THIERMAL STABILITY

Effect of Antioxitdabt of JP.7 Thermnal Stabdlity

"The antihxcdants specifd for optional uw I, JP-1 fuel 21re .ss-ntail, the !2me naterias as those
"pnnitteJ in JP' and IF-5 fuels. Theme Are additives -.rnalar to "gum wthibitofs' in gasolbnt. Iiev are tisentially



low-temperature antioxidmnts ane are nc.' intended to improve thermal stability. With highly refin 'd, thet mally
stable fuels such as JP-7. tbe question haw ari&-en whether any of the allowable antioxidants might actually degrade
the fuel's thermal stabilit v. A brief study of tlhi question has been carried out.

The following antvoxidant; are fisted in the JP-7 specification, MIL-T-382.19 (USAFX(Proposed) dated
December 1965:

(1) 2,6-Di-tert-butyl-4-methyfphenoI
(2) N,N' .Di-sec-butyl-p-phenylenediaznine
(3) 2,4-Dimethyl-6-tert-butylphenol
(4) 2,6-Di-tert-butylphenol
(5) Mixed tert-butylphenols consisting of

10-5% 2,46-d-trert-butylphenol

(6) N,N'-Di~iopropyl-p-p~henyletiedianmine

These are essentially the same antioxidants listed for JP-4 and JP-5 fuels in M.IL-T-5624G Amend-I,
except that the mixed-phenol prodluct, antioxidant, no. 5, is described as 75% minimum 2,64d-tert-butylphenol and

conistng f 2% inium2,4-tihmethyl-6-tert-butylphenrol ad2%mz-xixnum mono- and dimethyl-tert-
butlphnolý hismixd-peal podut deslotapparin NIA329and was not included in the work

reported here.

In the proposed .JP-7 specification, the use. of these antio-idits is permitted, separately or in combina-
tion, in total cconcentration wt to exceed 8.4 lb/Mb',l '24 mg/liter). Aintioxidant concentrations are expressed as
active ingredient, excluding solvent or diluent in the mater~ai as purchased. The specification also permits the use of

a meal eacivatr i amuntsnotexcedin 2 b/MW (58 mlitr).The specification requires the use of
0. 0-0 157,,(vl) f fel ysem cin inibtorconormngto iL-279.Nol listed in the present specification,

The base fuel used in the work reported here was !he samne mixture that was used in the gas-drive coker
studies (Section 11-2), consistin~g of -Air Force Batch 10 and i 1 materi,-I that had been' used in various tests, then
treated in a commercial clay-bed reclamation ur.;t. Here, however, the extra clay treatmnent in the laboratrry was
omitted. Residual concentrations ol'untioxidant and lubricity additive in this fuel are unknown; the FSII conceatra-
tion was checked arid found to be below 0.0 1%. This fuel was bknrded in the Laboratory with 0. 10% (vol) FSII and
200 ppm (wt) lubricity additive PIWA-S36.

Commercial samples of the six approved antioxidants were obtained frorr, wo of the major SUP14Iers.

Each was added to the base blend at the maximuma allowable concentration of 8.4 lbv.-bb; and thci evaluatý_d in
no rrogen -drive coker tests at 6001'675'F. Test testilts are sumnmarized in Table 16.

In the mnain series of jests, fun at 600/675'F, tho base blend and three of the antioxidant blends gave
satisiactorily !rw tube ratings. iwo oi tire anuioxidants (nios. 2and 6) gave extremely severe faitures, and otte

antioxidant (no. 4) gave .i falling tube bawed on the unwiped rating. A recheck on sntioxidam~ no. 4 indicated
marg~rul pci-formance, againr willi wipablr epo-iiOt3.

"These test% Indicate that the two arruse aiitas)xudants can deg~rda the thermal stability of ,JP-7. This was
not unexpected, simti a similat effcýct had beeir re-pozted i an earlier propratl( l). In those studies, one of tac two

approved anitne antioxidanis had caused breakpoint dctisttUi.: of as much ats 1 25'F when used it the relativeiy high
coincentration of 30 lb/14bbl, It ciusec severe filter Pluning in the lkwer temperature ranges, and severe precheater

deoil t h;,rier temrperatuires. It appears that amine dirttoxidants of this typt suffer therinal breakdown at
temperstores% oti the ordevr of 40"54S("F.

29



TAKLE 16. EFFECT OF ANTIOXIDANTS ON Of the phenolic antioxidants
THERMAL STABILITY OF JP-7 FUEL tested in (he current program, only the

2,6-di-tert-butyiphenol showed any~ evidence
Base blend 0. 10% (vol) FS1IL 200 ppm (wt) P WA -536 of degrading the fuel's thermal stability, and

Antioxidant concentration, 8.4 lb/Mbbl this result was ambiguous because of the
Nitrogen-drive cokers 1 & 2, Configurations 3 & 4 presence of wipable deposits.

Fuel filtered 0.45-micron, cerated 3 min
Test temperature, 60016 75OF The test temperature conditions

_____________________ _______ _________ of 600/675'F were selected as a reasonable
Tube rating Fle P approximation of present antd projected

(unwipd/wiped) I specification requirements. Th., published
Sneris 1 Series 2 in. Hg draft of the proposed specification calls for a

__________________- ___________ -CRC Modifipd Standard Coker (niow obso-I

Base fuel (no additives) - I/P* lete) with a 3-hour prestress at 300f'oF and coeaeta 0/0 0F oerce ei

Base blend (FSII, PWA-536) 1/1 1/1 sions have included a research coker test at
300/500/600*F. In i:riy case, if JP-7 fuel is

Base blend + antlioxidant: to be tested at temperatures on the order of
No. 1 I/I - Zero in 6000F, amine antioxidanits of the type cur-
No. 2 4+/4+ -- all tests rently allowed are unlikely to prove useful.
No. 3 2/1
No. 4 4/2 2+/I b. Effect of Lubricity Additive on
No. 5 1/1 -. JP 7 Ther-mal Stability
No. 6 4+i4+ -

_______________________ ITwt; series of tests were run in

*The bare fuel way. also checked in a test at. 675'6750F, giving a tube the CRC research coker to establish break-
ratir-, of 2+/2. __________________ points on AFFB-l 1-68, a JP-7 base fuel

(additive-free) used in the wing tank simu-
lator rig progran.. At the same time, brtakpoints were established on tais fuel containing 20M0 ppm (wt) of PWA-536
lubricity additiv%~ Test results are summarized in Table 17. The additive had no significant effect on fuel break-
points, which were obtained at preheater fuel-out temrperatures of approximately 650, 675, and 575-600O F with
reservoir at ambient ten-pcratire, 200'F, and 300'F, respectively. All breakpoints were defin,!d in terms of pre-
heater tube deposits, since no signific4-it plugging (if the filter occurred in any of the tests.f

S. MISCELLANEOUS THERMAL STABILITY EVALUATIONS

3. Coker Test or. Various Fuels

Extensive thermal stability testing ha., hec-! conducted in support of Air Force in-house and coritractuai

research programs Test results on various fuels in stAndard. research, and gas-drive fuci cokers are sumnmarized V
Mort of this work was perfoirmed t,, e ~ablj~h therm:1 stability breakpoint ratings on the fuels As cin he

sen from the data, it is difficult oc impossible to e!.tablish unambiguous breakpoints in sonie casts because )f
erratic. norirepealtabie results. Certain fuels appear to '4ter more problems than others. For example, when te-,ring
AFF8-I0-67 in the research. coker wit:' reservoir at irihient ternperature, consistently W~oing prehearcer tuhe ratiwig%

71welt oberved io tests it 425'F preihester I'vel-out temperature, but occasional pa~sss occurir!rd at 450O and 47S`F

VVhenr testirig tht 'cime fuel in the research caket with rescivoir at 300F, tube rating~s oi 31 or higher wcic obtained at
425>,450 0P, hu* in afl cawse the deposits were wipable; this suggests that pump wear debris had contributed signifi.
cantly to tht uriwired ratinis. An example of p-sor repratability of the gas-drive coker can! N- noted in the tests or-1
the AFFWPR.-LOA67, where random, se~vee failures 'in tube rating were observed in testi at 55tJ-s7"NU ptcheatet
fludi-ast tem~perature. Lot consistent failures were not obtained even at 650'F. Even after the pas-drive cokcr% were
fully rne'dficd to conform toý c.r-rent C7ir irequiremnents; (Configuration 5), considetable variability in prelhratt-r
deposts wats Atwerved in test i oo A$FB- 11.68 at 7/70017WF. where the urowiped preheatet ratings included seven it
2 of 2+, one at 3+, and two at 4 or 4+.

.10
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Improvement of the reliability of TABLE 17. EFFECT OF LUBRICITY ADDITIVE ON
fuel coier results in general has been the goal of JP-7 THERMAL STABILITY
much work in recent years. It appears probable
that the standard coker cannot be improved Test fuel AFFB-11-68 (JP- 7 -.i:hout additives)
much beyond its present status, and some of Teit additive F10- 708 Ihriciy additive, 200) ppm (wt)
the satne problems encountered with the Ter" instnamen t CRC research coker
standard coker are also present with the re- Filter pressure drop o.0.0.1 in fgin oi al tests
search and gas-drive cokers. At this time, ii is
still an open question whether some of the new Test temp, 'fube rating, unwiped (wipeýd)t
approttches to thermal stability testing will *F* _T9st Fuel- Testful+addtve
result in a reliable method of rating fuels. In the
meantime, it appears desirable to continue AznbfS00/600 2 (1)
work on, improving the gas-drive coker. Amb/525/6,z5 2 (1)

b. Thermal Stability of TS/JP-4 Mix- Anib/575/675 2 (1)1()

tures Ainb/600/700 2 (1) 2 (1)
Ambf625/ 725 2 (1) 2 (2)t: 2 (2)1t 2 (2)

"Thermally stable" (TS) ifuel is Amb/650/750 31 (1) 2 (2)t: 4 (4) 3 (2)
defined by Proposed Specification MIL-T-
25524B (USAF). It is essentially a kerosine 200/550/650 1 (1)
with better-than-average thermal stability. The 200/600/700 2 (2) 2 (1)t:
specification requires the fuel to pass a 200/650/750 2 (1) 2 (2)1t 2 (2)1t 7 Mt_
star lard-coker !est at 4510!5r50 0 1F. 111- piactice, 206/615/775 2+(2) 3 (2)t: 3 (3) t 2 (2) t
fuel identified as -TS" may exceed this require-
ment by a considerable margin, possibly be- 300/525/625 2 ('1)
cause of additional tnerrnal stiabii;ty iequire- 300/550/650 3 (2) 2 (1) 2 (2) 1 (1) 1 (1)
ments imposed at the time of procoirempnt. 300/575/675 2 (1) 2 (1) 3+(2)

300/600/700 4+(4+) 4 (4)t: 4(4) 3 (2)
Since TS fuel may be, coniaminated 300/625/725 4 (4)t:

or intermixed with JP 4 fuel during aise i. L_______ I ____ ____________

the field, the effect of JP-4 on the thermal *Temperatures Are for reseivoir/preheater fuel-out/filter.
stability of TS fuel is of consid.rable f Tubes from tests on additive-free test fuel rated with outdated color

breakoint esis standard, hence ratings; listed may be sIlightv tower than tme~ ratings
interest. Several series of brapin et uilter tempe'r~ture limited to 675"F in these tests,
have been run on such mixtures. -,he TSI ~fuel used ins this work was identified as
Batch 18-19-20-22. Two different batches of 1P4 fuel, here identified am A and B, wý-re used in these studies.
Gas-drive and standard coker data are listed in Table 19.

This particular TS Illiel was extremely sta'le, passing even at the maximum gas-drive coker tem-

summarized as follows:

TS !uel------------
JP.4(A........... 4W0 Wsanda~d coke')
JP-4(H) . 4Sf)

SJP-41 A) - .625-65()

I (v JP-4( A, 5

11'y1 JP4(I4)45

Aij ot the fu~els used in thfý work weir quitc stable 1tr their rr-pective cirs.,es The JP-44 A) hrrakpwn)4t of
400'F in the standard coker intdicates a rnargin of 7'F othove the snecificatimi rcquti cuillnt which !s Invibably Miote



TABLE 18. FUJEL COKER TESTS ON VARIOUS FUELS

Test temperatures for research coker are reservoir/preheater/filter
Test temperatures for other cokers are prehei ter/fllter

Fuel paper-filtered for standard coker, O. 45- micr ) for others
All gas-drne coker tests with nitrogen drive in cok,!rs no. I and 2

Gas-drive coker configurations 3 and 4 unless otherwise noted

r Filter
Fuel Test temp, Tube rating,Fel Coker type AlP, Date

AFFB no. tF unwiped (wiped) in. Hg

8-67 Gas-drive 475/575 ] * (l)* 0.0 10 Mar 69
475/575 1* (1)* 0.0 12 Mar 69
500/600 4* (3)* 0.0 7 Mar 69
500/600 4* (4)* G.0 I I Mar 69

8-67 Standard 400/500 1 (1) 0.3 10 Sep 69
4001500 1 (1) 0.0 12 Sep 69
425/525 2 (1) 0.0 11 Sep 69
425/525 ? (1) 0.7 15 Sep 69

9-67 Gas-drive 400/500 0* (0)* 0.3 7 Mar 69
425/525 l * (1)* 13.4 1I Mar 69
450/550 3* (3)* 25.0 10 Mar 69
450/550 3" (2)* 20.1 12 Mai 69

9-67 Standard 400/500 4 (4) 25.0 16 Sep 69
400/500 4 (3) 10.7 18 Sep 69
425/525 4+ (4+) 25.0 17 Sep 69
425/525 4+ (4+) 25.0 19 Sep 69

10-67 Research Amb/400/500 1 * (1)t 0.1 10-eb69
Amb/425/525 3* (3)0 0.1 7 Feb 69
Amb/425/525 3+ (3+) 0.1 16 Jul (,)
Amb/425/525 4 (4) 0.0 25 Jul 69
Ambl425i525 3+ (2) 0.1 29 Jul 69

Amb/450/550 2. (I )' 0.5 28 Jan 69)
Arab/450/550 ,4* (4)" 0.0 6 Feb 64

Amb/450/550 3 (2) 0.0 I 8 Jul 69
Amb/45J!550 2 (2) 0.0 28 Jul (9
Axnb/450/550 4. (4+) 0.0 31 Jul 69

Amb/475!575 2* (1)' 0.5 23 Jan fi,;
Ambt475;'75 40 (4)9 (0. 27 Jan 09SAinb475. 57 4O (4)" 0.0 S Feb ro'
"An,1hS100/!61) 7t (7)- 0.0 24 ).n W)

10fe7 Rewarch 200/375:475 1 * 1 0.4 3 c-b 690

S20)/400#,!500 I 3 . 0. I 31 Jan 69
S204(5 2" (241 0.i 4 Fe (0

200/400i5(X I * (1) I 0.1 11 I-es Wt)
i2Wý)400/5W1 3t i 01,' 0 4i 17 t-t 4 Fi 6

2001425/525 'S * 0.t1 0 4 WI Jar 61)t
_101_5.2 1 40 4" 0, 1 1 'F ihW
'200A450!'550 40 (4w" 2I1) 1 9Jr



TABLE 18. FUEL COKER TESTS ON VARIOUS FUELS (Cont'd)

Test temperatures for research '-oker are reservoir/preheater/lflter
Test temperatures for other coken are preheater/fflter

Fuel paper-fidtered for standard coker, 0.43-micron for others
All gas-drive coker tests with nitrogen drive in cokers no. I and 2

Gas-drive coker configurations 3 and 4 unless otherwise noted

Filter
Fuel Ck t Test temp, Tube rating, Fl, Date

AFFB no. CF unwiped (wiped) An.
in. HS

10-67 Research 300/425/525 3 (2) 0.2 17 Jul 69
300/425/525 3+ (1) 0.4 22 Jul 69
300/425/525 3+ (1) 0.8 30Jul69
300/450/550 3+ (1) 0.4 23 Jul69
30C/450/550 3+ (2+) 0.1 24 Jul 69

IOA-67 Gas-drive 550/650 1 (1) 0.0 2, Jul 69
550/650 1 (1) 0.0 28 Jul 69
550/650 2 (1) 0.0 30 Jul 69
550/650 4+ (4+) 0.0 1 Aug 69
550/650 1 () 0.0 4 Aug 69

575/675 1 (1) 0.0 24 Jul69
575,675 4+ (4+) 0.0 29 Jul 69
575/675 1 (1) 0.0 29 Jul 69
575/675 1 (1) 0.0 4 Aug 69

600/700 2 1 (2) 0.0 25 Jul 69
600/700 2 (2) 0.0 25 Jul 69
600/700 1 (1) 0.0 30Jul 69
600/700 2 (2) 0.0 1 Aug 69

625/675 1* (1)* 0.0 31 Jan 69

650/675 4* (4)* 0.0 30 Jan 69
6;ý/5 2* (2)1 0.0 3 Feb 69

IOB-67 r Iive 550/t050 4+ (4+) 20.0 26 Aug 69t
550/650 4 (4) 0.0 26 Aug 69t
550/50S 2 (2) 0.0 27 Aug 69+
550/0,50 3 (3) 0.0 '7 Aug 69t
550/650 4 (4) 0.0 28 Aug9•69
550o650 4 (4) 0.0 28 Aug 69$

57.Mi675 4* (4) 00 2S Mar 9
575/675 6t (6)f 0.0 27 Mar 69
575/675 40 (3)* 0.0 28Mar69
55/675 2* 12* 00 1 Apt 69

5,51675 40 (4)0 0.0 2 Apr 69
575J675 2* (1)* 0. 34 Apt 69
575/675 2* 2) 00 4 Apt 69
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TABLE 18. FUEL COKER TESTS ON VARIOUS FUELS (Coi','d)

Test tempetures for research coker are reservoi/preheater/filter
Test tenper vs ;u a a". -oken ,m prehertelfifter

Fxelp per-filtered for stimdar colkr, 0. 45-micnm for omae
4A gas-drive coker tests with nitrogen drive isr cokes no. and 2
Gs-dfdi coker (wfljmwtdons 3 and 4 unless otherwise noted

Filter
Fuel Cokr t Test temp, Tube rating, Filter

AFFB no. CF unwiped (wiped) An Dat

IOB-67 Gas.drive 600/675 2* (2)# 0.0 4 Feb f9
600/675 4* (4)* 0.0 6 Feb 69
600/675 4' (4)0 0.0 7 Feb 69
600/675 1" (1)s 0.0 19 Ma; 69
600/675 4' (4)* 0.0 24 Mar 69
60W/675 4* (4)* 0.0 26 Mar 69
600/675 20 (2)* 0.0 7 Apr 69

625/675 4' (4)' 0.0 5 Feb 69
625/675 . Ct 0.0 21 Mar 69

650/675 4* (4)0 0.0 3 Feb 69
6SC/675 4' (4)* 0.0 20 Mar 69

11-68 Reseach I Results given in Table 17

If -68 Gas-drive 7100/7000 2 (2) 0.0 2? Sep 694::
700/700 4+ (4) 0.0 23 Se- - 4-
700/700 4 (2) 'V.6i 24 Sep 69:
700/700 2 (2) 0.0 24 Sep 69t
700/70-- 2 (2) 0.0 25 Sep 69t:
-W1I700 3+ (3) 0.0 25 Sep 69t
700/700 2+ (2+) 00 26 Sep6 9 t
700/700 2+ (2+) 0.0 26 Sep 69t
700/700 2 (2) 0.0 29 Sep 694:
700/700 2 (2) 00 29 Sep 69t:

1-2-68 Gas-drive 650/675 I" (I)0 (1.0 13Mar 69
650/675 1* (1)* 3.0 17 MKr h9
•75!M75 2* (1)0 0.0 14 Mar 69

'167.S!675 is (1)* 0.0 18 Mar ý'9

12-68 Rle"Arih ,kmb/550/650 2* (!r 0.0 16 Apr 69
S Amin600i- M • (1; 0 17 Apr 69
Anbtb!675/725 2' ()') 18 AIp 69
Anb/6.V/7'1( 2* (1)0 0,0 21 Apr 69
AvMb/675/75 2' (I)* O0 22 Apr 69

!2-61 Rearuc 20i 36/725 2' (5 I)7 0.0 23 mAr 09
V3/650/75O is (I" OO 24 Mar 6q
2(/67S75 2' (1)' 0.0 25 mat 69
I A06i-1 51775 2 (2) 0.0 10 JuA 0g

.. ..... .. ... ...... .0 0 - 1. I6_9



TABLE 18. FUEL COKER TESTS ON VARIOUS FUELS (Cont'd)

Test ttanpowu for reseawrh coker re r wolr/lpre•eater/flter
Test tenmperatws for other cok4=m pwter/f iter

Futl pape'iUL.;., for st.',adud ', Jvd. • c-tz ' [fx wt,
All fg-ive coker tests with ntrogm dri*e in coken no. I and 2

Gas-drve coker configmratinms 3 and 4 Wnl otewbie noted

Fuel Test temp. Tube rating Al, t Date

AFFB no. Coke type F unwiped (wiped) AP Da te
in. ý6

12-68 Research 300/525/625 2" (1)* 0.1 30 Apr 69
3001525/625 2* (I)* 0.1 2 May 69
300/525/625 2 (2) 0.1 2 Jul69
300/525/625 2 (1) 0.1 3 Jul69
300/550/650 3* (1)* 0.1 1 May 69
300/550j6SO 3+ (1) 0.1 7Ju169
-300/550/650 4 (2) 0.1 8 Jul69
300/550C650 2 (2) 0.0 I i Jul 69
300/559/6-50 2 (2) 0.0 14 Jul 69
300/550/650 3+ (3+) 0.1 15Jul69
300/575/675 4* (2)0 0.1 29 Apr 69
300/575/675 2 (2) 0.0 9 Jul69
300/575/675 2 (2) 0.0 10Ju169
300/625/725 4' (1)* 0.0 28 Apr 69

12-68 Standard 450/550 1 * (1)- 0.4 13 Mar 69
450/550 I* (1)* 0.9 14 Mar 69

•Outdated .olor standards used; ratings shown may be sightly tow,ýa •t true ratia•.
tEstirmatew using old exterund-scale color standaM.tGas-diive ýokers in Coqnfigratioan S.

than average but nof at all unconimon. The JP-4(B), with a breakpoint of 4500 F !n the gas•dive coker.• qur .
coinpar4ble to the JP-4 A). With th1 etrerely stable TS fuel used in this work, contamination with as little as 5%
of JP4 (awd a fairly gmod oew at that) gave a significant decrease Xr. thvet.al tabiiiv. and R0R JP.4 broug#! the
bgeakpoint about halfway dov.-n to the JP4 level. In the 50-50 blend, the otsscwvd thermal %tAuli:y v,*s •uacty the
sane as that of the IP4 itself. It is interceting tv note that the iP4(IB), which was used in the 'Q-50 blend, had an
extremely durp and repcatable breAkpaint, and tht !hc 50-50 blend itkewtse hAd a tharr asW tespcatable bteakpoint
At the %Ame temperature.

Thex results demonasrate a ug.tificant detradatioo-of thermal stability, whnca aI little of 5% of oiu
pai:scuarJvP4 fIN l is rddvd to one putculsi TS i11 If " were deiihig with a mu.sh Pix.ore TS tued an a Wtettel
IP-, the dcraki~on effect soutld bt much les and myglit b entittly bsent, All that cars be concluded from the
data -btaim"! '-; f v r. that the pouiSthty of wroAi dv:jhtion does exist

7. NiEW OMVICI FO" EVALUATING FUEL THERMAL STARUITY

a. aeckgrtord

Among tOw e-,,lw sppra•chtsei to, fuel thermul stability tesong are two devcetf drLv•oped bý "•pjittemui
n'.f~tur's~: 1 ~n'tid o . CIC risi~fc ealanr Theske tkiieesru ý.Ie %arne tseatm~g pirinc-pk a

the .an-dxd u:I co4kev, that r6 furl i; p.sad ow ia hevt me-tal vi-fac and then th.t''oiff a test filter, and fuel
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TABLE 19. THERMAL STABILITY OF TS/P.4 MIXTURES

Go-d.'ve coker teals mth milogv ahiw, )elfilftered o) 45-fmidomFilt"
*F un(iped l (* ) _V, ro . GO no.

JP-4 Batt A, stuedud coker

300/400 1 (0) 0.0 3 5524 ;3 May 69

350/450 1 (1) 0.0 3 5528 14May69
350/450 2 (1) 0.1 3 5536 19 May 69

375/475 2+ (2+) 0.1 3 5534 16 May 69

400/.00 4 (4) 0.0 3 5530 15May69

I•fudi atch 18-19-20-22. go4s•.ve :okr

450/550 1 (1) 0.0 1 3 5521 12 May 69

500/600 1 (1) 0.0 1 3 5523 13 May 69

550/650 1 (1) 0.0 1 3 5526 14 May 69

600/675 1 (1) 0.0 1 3 5529 15 May 69

650/675 1 (1) 0.0 1 3 :5532 16 %ay 69K
675/675 2 (1) 0.0 I 3 5 53 5  19 May 69I

.5% Jf4A), 95% n fuel (byv woume). ga-&iw coker
600/675 2 (2) 0.0 1 3 5544 22 May 69
6004/75 2 (1) 0.0 1 .3 5-47 23 May 69

t (I) 0.0 1 3 5542 QI May ,9
625/675 (i) 1 3 5548 126 May 69 a

6501675 4 (2) 0.0 1 3

10% JP*4Al. 90% TS f1ci (by whirnc. go-dnw cciker

'2SI623 ( 00 I 15559 Ju y69
525(61 2 " ) 0.0 1 3 15560 4 Jun tg

ssw/)So 3 (3) 0.0 1 3 55Vý 29M~sv 6
550/650 4 (2) 0.0 i 1Jun 69

5/•75 2* (2+) 0.0 1 '3 5552"N NovMa• 9

625,A675 4 (4) 0.0 1 3 *50 27 May 69
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TABLE 19. THERMAL STAB IUTY OF TS/JP4 MIXURES (Caet'd)

GaD-dmie cokff tests with mtrogten t*bve fJ.dfikwWi 0 45*dmavo

Testtempd UlId(wiped) DO, . no D O.

JP-4 Batch B. go-drve coker_______________

400500 1 () J0.{ 2 : [:z:0 ep6
425/525 1 (1) 0.19 5 j5,676 11 Sep 69
425/525 1 (1) 0.0 2 5 5684 15 Sep 69
425/525 2 (2) 0.0 1 5 692 17 Sep 69

450/550 4+ (4+) 0.0 12 5 666 8 Sarp 69

450/550 4+ (4+) 0.0 2 S680 12Set)69
450/550 4+ (4+) 0.0 ji 56 18_Sep'_6

50% JP-4(B). 50% nS fuel (by volumre), jarsdrve coke,

400/500 (1() 0.0 1 5 5667 SSev 69

425/525 2 (1) 0.0 1 51 5670 9 Sep 69
425/575 2 (2) 0.0 1 5 5675 111 Sep 69
125/525 1 I 1) 0.0 1 S 5687 !6 Sep 69

4555 1 (1) G.0 5 5688 16 Sep 69

450!550 4- (4+) C, 1 5 5662 5 Sep 69
4501550 (4+) 0.0 i 5 567; 1 Q9Sep 69
45011550 *'(41) 0.0 1 5 5683 I15zp 69
4SJýJ/550 4 (4+) 0.0 2 5 QS4

500/1600 1 4+ 144) 0.0 2 5 5t 15SP6

v tablvt rardt ýtcording to the colut of five how +urlace decpLijts and the degrot of'pluging ol'the test fiftei Ihev
at not mcvihy rni.%d~ird" NOe cokers, unce new appoahe% :n desin have be"rt incorpknatet! to miintmite fuel

%44"* -ZC tk CI111IC intOf the mhortomings of the ýaund~-týd fuel oukx aind it% vatgYu% moi-tfied em .

Me to &ywesareAL~tx's JFOT (Jet Fuel Thermal (xidatiOn lItwet i wd Itydo't Prcctivon fuel
Cokof I ,)unng th, i~ourv o t4hcie devii~es tr; h Att Ftoece and OWC mwJT- vm

Avatilabl fol ot uit .e iot WVC.3l rentlu The r-;ýuIh vrpc~te4 herv are not a pr-t of the fotmal evaluation rp~OTI1 of
CR, ut ate intende to pivi)p-vpke1Itat1itn rrf mftmtn~i otn the apphcah~tv of the Ak- fOT i r-
f~qC ploptir u*' the, h~u -Ap tt.tore larwbln' of ht~-quawitv fuel% Rtust ihts Axnrd b) h I ihte ~

pfrcmxn Fud weket t not aivitAbMe £frne timwfo tmnduw.n here, hott will he prwtcered in future tpt

4) Aic-w JF TOT iwI!nem, and! Pemoduvm

The apparatus, opeutv,-*n. stPt tn.Atmvn&*c prtxce*;r- -h*ve hreii &ewtAei in the manwfacturei't
Ope~rating nustust, ard only hi ntf supsmary "I tv ~vee. herr

tl7



The tev" ".:'. iS contained in a steel reservoir at ambient temperature and is pumped in a closed loop
throli"h , "test section" and cooler and then back to the reservoir. The fresh fuel and spent fuel are kept segregated
in the reservoir by means of a free-moving piston. The entire system is pressurized with nitrogen to 300 psi; tile
pump serves only to meter the fuel through the test section at a flow rate of 185 ± 4 mlfhr and to overcome the
slight pressure losses in the system. The tr'st section consists of a vertical tube-in-tube heater and a test filter
mountvd directly on the heater exit.

The inner tube ot the heater is 60W3 -T6 aluminum, with a lieated section 2-3/8 in. long and 1/8 in. OD.
A new inner tube, prepolished by the manufacturer, is used fcr each test. In the heater assembly, the fuiel flows
upward through the annkular ;pce between the inner tabe and a.n outer tube. The ID of the outer tube is 0.190 in..
giving a fuel residence time of 12 seconds (cold-flow basis), which is comparable to the residence times in the
standard fuel coker. The inner tube is resistance-heated with low-voltage current, and its temperature is measured by
a movable thermocouple inside the tube. The thermocouple junction is imbedded in a small copper cylinder that
shides within the heater tube and provides at least a fair degree of contact with the inner surface of the tube.

The test filter medium is stainless steel Dutch-weave screen with a porosity of 17 microns; the effective
diameter of the filter is 0.072 in. A manometer is connected to measure pressure drop across the test filter. The flow
system includes an in-line filter ahead of the test section; *his is the same porosity as the test filter but 10 times the
flow area.

The fuel is pumped through the system by means of a Zenith gear pump located after the test section;
i c., the pump draws fuel through the system rather than forcing it through. This rather unconventiona! arrangement
appears to work well, since this particular pump has good suction characteristics ano the flow system offers little
resistance. The advantage of this pump tocation is that it eliminates any possibility of pump-derived contaminants
entering the test section. Fuel flow rate can be monitored semiquantitatively by a drip-flow sigbt glass in tht; ficel
return line, and total fuel throughput is measured for each test. However, for control of flow rate, primary reliance is
placed on the constant-delivery characteristics of the pump.

Power input to. the heated tube is controlled either manually or automatically to maintain a constant
tube temperature as indicated by the thermocouple, which is positioned 0.85 in. down from the outlet of the heated
section. This position is nornally the hottest spot in.the tube. During each test, the temperature profile of the tube
is established by switching tc manual control and moving th- thermocouple up and down the tube.

"The thermocouple and temperature indicator are calibrated before each test by immersing the thermo-
couple in pure, molten tin and observing the freezing point, 4490 F. The correction factor obtained by this calibra-
tion may be applied to the indicated temperature readings during the subsequent test.

Before a test is started, the reservoir and test-section components are disassembled, cleaned, and
assembled with a new heater tube and test filter. One liter of test fuel is filtered through Whatman No. 12 paper into
the fuel reservoir and then aerated for 6 minutes with an airflow of 1.5 liters/mmn. The system is pressurized 16 300
psi with nitrogen, and the pump delivery rate is checked by counting the diop rate in the sight glass. The heater is
switched on, and the tube brought up to the desired operating temperature. Fuel flow and heating arc maintained
for 5 hours. During this period, the tube temperature profile is established as described previously. Filter pressure
drop readings are take-i every 30 minutes. The filter may be bypassed if excessive plugging occurs.

After shu:down and disassembly, the heater ý.ibe is rinsed with hexane and then coloi -rated, using a
sta'idard ASTM Tub., rator and color standards, along with an adaptor for holding the small JFTOT tube. The color
ratings are plotted against position on the tube, and the temperature profile is plotted on the same graph. From this
graph, reading front fuel inlet to fuel outlet, the inception points for Code 1, 2, 3, and 4 deposits can be translated
into correspotiding tube temperatures. For purposes of data analysis and reporting, we have considered the break-
point as that temperature corresponding to ihe inception of deposits rated No. 3 or darker. This is analogous to the
definition of breakpoint used in standard and modified fuel cokers. It should be remembered, however, that the
breakpoint thus defined in the JFTOT is noýminally a metal surface temperature, hence would be expected to be
higher than a stanidard or modified coker breakpoint defined in terms of peheater fuei-out temperature. Breakpoints
based on filter plugging have not yet been defined for the JFTOT, so far as we are aware.

38



c. Operating Experience with JFTOT

The most serious problem encountered in our early operation of the JFTOT was poor operation of the
temperature controller. T•is was a new model, not the one used in the first JFTOT units. A service representative of
the controller manufacturer has resolved this problem by proper adjustment of the controller and auxiliary com-
ponents of the control system. Since that time, the controller pertformance has been quite satisfactory. Warmup can
be accomplished on automatic coittrol without overshoot, and stable control is maintained through the run.
Switching from automatic to manual control to record the tube temperature profile, and switching back to auto-
matic control, cin be performed without any substantial temperature fluctuations. All of these operations do require
the development of cc.-tain techniques by the operator and are dependent on proper adjustment of all components
of the control system. The system is inherently "touchy"; that is, small variations in power input are reflected
almost instantly in large variations in tube temperature. It appears that standardization of control-component
adjustments, warmup procedures, and automatic/manual switching procedures will be necessary.

Ore major advantage of the JFTOT over conventional fuel cokers i3 the ease of assembly, disassembly,
and cleaning. Turn-around tim- is far less than with standard or gas-drive cokers. The JFTOT flow system is well
designed. and no problems have been encountcred in its operation. The unit requires very little attention once it is in
steady operation. In overill opetability and maintainability, it represents a very significant improvement over the
standard or gas-drive coker.

Another advantage of the JFTOT, along with other small-scale test devices, is the small amount of fuel
sample that is required. One liter per test, as opposed to about three gallons for the gas-drive coker, represents a
considera,'.e advantage in any extensive investigation of thermal and storage stability of fuels or compatibility -,ith
fuel-system materials. In particular, storage stability programs based on standatd or gas-drive coker evaluptions have
required the storvge of drum quantities of fuel, with increased requiremenms for hot and cold storage space, storage
containers, and handling facilities. The advantage of the JFTOT in sample size would be even greater if a breakpoint
could be established in a single test. As will be seen from the data presented in the following section, several tests are
generally required, and the number of tests may become excessive if the breakpoint is missed by a wide margin in
the initiai tests.

Under the current operating procedure, the JFTOT test period is 5 hours, the same as the standard fuel
coker. Therefore, it offers no test-time advantage except that of faster turnaround. The productivity of a single unit
is still limited to one test per 8-hour working day, or possibly four tests per day if operated on a three-shift basis.

For practical purposes, the upper limit on operating titperature of the JFTOT is somewhere around
700°F. Test temperatures up to 725°F were used in our evaluations. With high test temperatures, the aluminum
heater tubes are often found to be bowed after test, presumably because of differential expansion and end restraint.
Also, Mn several cases, a single streak of dark deposit has been noted on the convex side of the bowed tube. This
probably indicates a hot spot at the point of flow rvstrie=tion. The permanent set of the bowed tubes that were
observed has never been sufficient to reduce the annular clearance to zero or even near-zero. However, the amount
of tube bowing during the actual test cannot be determined. One would suppose that if actual, firm contact were
made between inner and outer tubes, the current drain from the inner tube would be sufficient to be detected at
once as an upset in temperature control, if more drastic effects did not occur. In any case, whether contact does or
does nut occur, the tube bowing does represent an operational problem that should be corrected if at all possible.

Certain problems exist in color-rating the heater tubes. One of these is the small size of the tube. It is
asking a great deal of the human eyc to give accurate matching of such small patches or bands of color,
particularly in the rather frequent cases when the correspondence of the shades to those of the color
standards is poor. Some attempts have been made in our ratings to use a magnifying glass. However, the color
code ratings observed under the glass are often significantly different than those cbserved without magnifica-
tion. In the interest of consistency, all ratings reported here are those obtained by the unaided eye. The
general problems of visual ratings exist for all cokers in which surface deposits are rated by color. It is to be
iopea that some of the current efforts toward nonvisual rating systems will result in a reliable and convenient
method for deposit rating.
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6W Another problem in rating the tubes is decid-
ing what significance to assign to abnormal deposit pro-
files. This is illustrated in Figure 6, which shows the

s5s temperature profile for a test rui at 590°F maximum
tube temperature, along with two deposit curves repre-
senting normal and abnormal deposit profiles. The plots

4 sso are of the type recommended by Alcor for determining
breakpoints, but the deposit profiles are ýimoothed for
purposes of illhstration*. On the graph, left to right

"Is3 ls represents the directien of fuel flow, with the maximum
temperature located 0.85 in. from the outlet. Both

"* .,.j deposit curves denote a maximum color rating of 3. In
ao " the "normal" distribution, the maximum color rating

occurs either ',ery near the maximum in the temperature
curve (0.85 in.) or slightly to the left of this point. In

I 4.?s the "'post-peak" distribution, the maximum deposits
occur well to the right of the maximum-temperature

,,wwA , Noaprofllo point, i.e., beyond the maximum-temperature point -.n
Cum,5: fo-ptkpofil the direction of fuel flow. As to physical significance, it

can perhaps be argued that some fuels are sensitive to
: metal surface temperature and deposit progressively as2.0 f. r o.0 d.s 0 the surface becomes hotter up to the maximum at 0.85

orn flow ---- m0 in. from the outlet; other fuels are more sensiive to
buik-fuel temperature, and thus lay down a deposit pro-

FIGURE 6. JFTOT DEPOSIT AND TEM- file that does not necessarily follow the metal tem-
PERATURE PROFILES perature profile. Since the post-peak dep:osits do rot

seem to appear with any specific fuels, but more or less
at random, this explanation appears unlikely. However, we have not been able to arrive at an alternate
explanation that is at all reasonable.

Whatever the significance of the post-t-cak deposit patterns, they do introduce problerms in estab-
lishing breakpoints. Referring again to Figure 6, on "he "normal" curve, the No. 3 dep.-sit is obtained at
approximately 585 0 F on the rising portion of the temperature curve, so that it is reasonable to assign a breakpoint
of 585F based on such a test. On the "post-peak" curve, the No. 3 deposit corresponds to a tube temperature of
about 562 0 F, on the failing portion of the temperaturm curve. It is of dubtftul significance to call the breakpoint
5620 F when the fuel had been exposed to metal temperatures up to 590WF without leaving any severe deposits at
that point. When such .c posit profiles are observed, one has :he choice of (a) taking the indicated breakpoirnt at face
value, (b) taking the maximum-temperature point as the breakpoint, (c) ignoring the anomalous deposits in ratirng
the test, or (d) throwing out the test result altogether. In arriving at the breakpoint results reported here, we have
ignored any deposits located more than 0.2 ir. bcyo'nd the hiaximum-temperature point. This cutoff point is
somewhat arbitrary, representing our best estimate of the point beyond which one can say that deposit intensity is
no longer related to metal temperature.

Others have expressed the opinion that the post-peak deposits .re characteristic of certain fuel samples
or certain types of fuels. Our data are more indicative of a random occurrence. in any ever., it will bc necessary to
agree on a standard method of interpreting post-ueak deporits if the JFTOT is to be used as an interla:oratory
device for rating fuels.

Finally, mention should be made of deposit color changes that occur on standing. This phenomenon has
been observed in several other !aboratories. The color changes appear to be complete within 24 hours. In the results
reported here, all tibes have been rated 1 hour after completion of the test and again after 24 huurs.

*Since the deposits generally occur in fairly sharp bands, the proffile i! better represented by a "bar graph" type of plot.

40



d. Test Results and Discussion

Results obtained to date in 5-hour tests are summarized in Table 20. Heater deposit ratings are listed in
terms of temperature for inception of deposits corresponding to each color code. Breakpoints are based on the tube
temperature corresponding to the inception of a Code 3 deposit. Temperaturee are uncorrected; the correction, if
applied, would be 43°F for Runs 7-16, +6.5°F fo, Runs 11-35, and +8°F for Runs 36-66. Deposit inception points
more than 0.2 in. beyond the maximum-temper.,,ture point are listed in the inception-temperature data and foot-
noted: such deposits are ignored in determining the listed breakpoints.

As indicated in Table 20, the clay-treated JP-7 fuel gave a reproducible breakpoint of t095-703"F in tests
at 700 and 725"F, based on I-hour tube ratings. The rerating at 24 hours lowered the breakpoint to 687-6990 F,
with one test still showing iess than Code 3 deposits at 7000F. When the same futlwas tested with 2 ppm of added
zinc, a wider range of test temperatures was explored, and a phenomenon that we have termed the "'floating
breakpoini" became apparent. In the first test, at a maximum temperature of 6000 F, a breakpoint of 502-503OF was
obtained. In tests at siccessively lower temperatures, th,! observed breakpoint also became lower: the most reliable
value appears to be 462-4630F. It appears that !he most reliable results are obtained when the breakpoint is very
close to the maximung tibe temperature. With a sufficent number of tests, it is possible to narrow down this gap
and to obtain reliable bxeakpoints. With an unknown fuel sqmple, a fairly larg-& number of tests may be required to
narrow the gap. The "floating breakpoint" phenomenon is not pec'iliar to the zinc-contaminated blend, since it was
observed in tests on other fuels in this program.

Several samples of a relatively new fuel in Air Force storage, AFFB-13-6Q, were evaluated in the 1FTOT.
This fuel is a kerosine with relatively high thermal stability. The results on this f'el (Table 20) were q'.site erratic,
and we were unable to close in on a reliable breakpoint with a limited number of tests. The "floating breakpoint"
phenomenon is particularly evident in the tests on Sample 2, with a decrease in breakpoint from 6050F to 535°F as
the maximum tube temperature was decreased from 6250F to 57J,°F. When the tube temperature was further
lowered to 5500F, no Code 3 deposits were observed.

In many of the later tests in this program, the post-peak deposit pattern occurred so frequently that they
can no longer be regarded as abnormal. However, recalculating the breakpoints on the basis that these post-peak
deposits are significant does not improve the breakpoint repeatability to any marked degree.

The breakpoints shown in Table 20 based on 24-hour tube ratings neglecting th,! post-peak deposits are
compared in Table 21 with breakpoini data available from other fuel coker tests ;n this program. The JFTOT
breakpoints represent the tube temperature corresponding to a Code 3 deposit; the other coker breakpoints repre-
sent the lowest preheater fuei-out temperature giving a Code 3 deposit.

Of the JFTOT breakpoints shown, the only ones that represent narrow ranges and reasonably reliable,
r.peatable values are on the clay-treated JP-7 (687-699 0F). the AFFB-13-69 Sample 3 (574-599° F), and possibiy the
Shell JP-7 Sample 2 (720-7230F), although the latter is based-on only two tests. It is interesting to note that two ot
of three of these more reliable breakpoints were obtained on high-stability fuels which in fact crowd the upper
temperature limits of the JFTOT to obtain a rating. The data on different samples of AFFB-13-69 are very erratic.
We understand that there are other indications that this fuel may be undergoing changes during storage. If this fuel is
particularly susceptible to changes during storage (or even in sample handling), this could account for some of the
capricious behavior of the JFTOT test results.

The JFTOT breakpoints line up in a general way with t,'e breakpoint data available from other fuel
cokers.

Examination of the JFTOT filter plugging data (Table 20) reveals a few random cases of plugging (up to
3.2 in. Hg) in the tests on the clay-treated JP-7 with and without zinc. The data on the AFFB-3-69 fuel show that
one sample (No. 3) gave severe plugging of 9-12 in. Hg, the others 0.6 in. Hg or less. It is interesting to note three
cases of increased plugging as the test temperature is lowefed (AFFB-13-69, Samples 2, 3, and 4). This phenomenon
has been observed in the past with other fuel cokers and similar test devices. Consideration of filter plugging in the
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TABLE 20. THERMAL STABILITY RATINGS WITH ALCOR JFTOT 'T
Heater thwaperature, OF, for Hteater

Run Tmax, first color rating as indicated breakpoint, Fte
no. OFI -hr rating ______rating __F

1  2 3 4 1 2 3 4 r g-hr

Ckay-treated JP- 7 (10-12. T)

19 725i 703-- 585 69C 699 710 703 699 0.0

7 70 62 62 - - 632 694 697 --- >700 697 3.2j
8 700 580 685 695 -- 580 685 695 --- 695 695 0.2

9 700 585 687 -- . 585 687 695 --- >700 695 0.2
10 700 567 695 697 -- 567 695 697 --- 697 697 0.1
II 700 575 692 698 -- 575 692 694 695 698 694 0.1
12 700 578 686 697 -- 578 686 687 697 697 687 0.0
18 700 -- 665 ...-- 565 680 -.- ... >700j>700 0.0

5 760 97- 580 685 697 697 697 0.0

Clay-treated JP- 7 + 2 ppm Zn (Mixture M-7)

21 600 490 497 --- 503 .... -. --- 502 503 502 1.0

22 510 469 483 484 486 452 469 481 482 484 481 0.1

23 ',95 447 461 466 -- 447 454 464 477 466 464 64)

25 486 -. 479 - ... 457 4t. 472 476 >480 472 0.4
27 480 461 472 474 476 461 472 473 476 474 473 0.1

24 1+75 470 472 4-4 475 466 470 471 471 4,74 471 0.0
26 475 457 470 47! 473 457 469 470 47.2 471 470 1.6

29 465 461 445 463 ... 457 460 462 431, 463 462 9.1

28.. ...
- 460 .. .. 4155 459 460 --- 4f) 4)O I,

30 450 . .. 448 --- -( A50 0 1450i45 4.. ..... .460 ." 4 60 l,45

A B..-13-0. Somple 1. Tank H-10

Js 700 6M 6b,2- 663 m4 S I ,662 fit-.3 6S5 Y t ;1,3 u1

37 675 600 610 631 632 (,A-O 630 01 (02 (1 0

04 ý5O • 40 ... . [. . 540 . .. * .... o ";Si3 00
i8 (-50 550 S S 615 IS 550 5 00 1 i j

SQ~ S 52 2 Yo 6(0) 42S 5 5 130 6(X) Si 10 5 0 1S9 I
'L _ _ _____ ___4

' .3 St+: .. .. .. ! S+- .. .. .. -:<'(y) ,++~rj 42
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TABLE 20. THERMAL STABILITY RATINGS WITH ALCOR JFTOT (Cont'd)

Heater temperature, OF, for Heater Filter
Run Tmsx, first color ratin, as indicated breakpoint, a,
no. OF I -hr rating 24-__ rating OF in. Hg

AFFB-13-69, Sample 2, Tank H-10

40 625 575 605 606 608 520 575 605 606 606 605 0.0

41 600 540 580 594 595 508 515 594 595 594 594 0.0

42 575 492 528 535 536 470 472 535 540 535 535 0.1

43 550 535* 525* -- 535* 525* . . >550 >550 0.6

AFFB-13-69, Sample 3, Tank B-1 7

44 600 597 599 599 600 597 599 599 600 599 599 0.1

45 575 569 571 574 572 569 571 574 572 574 574 12.0

46 550 550 540* 505* 500* 550 540* 523* 497* * * 9.2

47 525 514 ---... .. 489 489 --. ... >525 >525 10.0

AFFB-13-69, Sample 4, Tank B-1 7

5-0 600 591 599 596 595 f590 600 596 592 596 596 10.0
49 550 526 - --- - -526 .-- .-- .. >550 >550 0.1

48 53 ...-- ... [510 ---. -.-- 1 X35 >5 0.3

.4FfB-13-69. Sample 5, Tank B-I 7

54 0 500 S06 5 _. 590 596 595 593 596 595 0

55 S9O 5Q() 5-* S * 5790* 5")) 570 5S.* 5,7 * * 0.0

53 590 582 54' . 1 58 . -42 5.... >0 NS) 00

S$5 5700 5011 - y{J* 5 @ ... .. S's . 5S 00

Y 77 * , 7 7{);

S7 ý .o W $1 7) ,

4__



TABLE 20. THERMAL STABILITY RATINGS WITH ALCOR IFTOT (Cont'd)

Heater temperature, OF, for Heater Filter
Run Tmax, first color rating as indicated breakpoint, :

no. OF -- I -hr rating 24-hr rating OF rP,1 2 3 4 1 2 3 4 Ih 2.ri.H

Shell JP-7. Sample I (Cont'd)

31 700 ... 660* 545 693 690* 660* >680 >680 0.0

60 700 470 - -- 675 525 ... ... 675 675 675 0.0

62 700 595 .. 574 >700 >700 0.0

59 690 601 685 -- 607 685 ... ... >690 >690 0.0

3K 680 -- 470t . . 658 660 663 683 663 663 0.0

Shell JP- 7, Sample 2

65 725 590 . .. 723 575 723 723 723 0.0

66 720 570 718 - 570 718 723 --- >718 720 0.0

64 700 575 695 --- 660 690 --- >700 >700 0.0IColor far beyond hottest point: not used in breakpoint rating.
f Brassy color over most of heated !ection.

TABLE 21. BREAKPOINTS OBTAINED IN VARIOUS FUFI COKERS

Heater bleak .i forP C. e L
, Res.arch

J I ) Staidard Gas drtvc [ )reservoir.

('lay~trcated JP.7 087-691)•2

Same + ' ppmn 7n 461-502 4010)

s isNJ")5 45401•cr 'Ilte. plu•galt)

4

"• 57~ 4-15 ,
Sh.ell JP-7 S.";mple °6!7 I >'717%) •55:

Li _I
Li



JFTOT as a rating par.,meter to establish breakpoints will require the resolution of some rather difficult questions.
First of all, some defivition will have to be made as to the pressure dfop that is considered significant as a criterion
of failure. Such criteria for the standard coker have been quite arbitrary, being set originally at 25 in. Hg with
successive decreases to the value of 3 in. Hg appearing in most 3f the newer specifications. Any calculated correla-
tioij between two different filters and flow rates (e.g., svandard coker and JFTOT) is rather meaningless because of
lack of mathematical definition of the filter medium and particularly the effective filter area, which will tend to
"spread out" as the flIter becomes partiilly plugged. This behavior introduces ambiguity into the use of the
exposed-medium surface area for prorating flow rates and pr-,ejre drops. Since the choice of a cutoff point for
pressure drop in breakpoint ratings is arbitrary in any case, the most reasonable approach will be simply to take the
lowest pressure drop shown by experience to be at all indicative of fuel deterioration rather than equipment
variables. This may be as low as 0.2 in. Hg in the standard fuel coke-. orroe years ago, we analyzed the results o'f
standard fuel coker tests we had run in 1956-57, using a pressure drop of 0.2 in. Hg at 70 minutes as the pass-fail
cr•terion. Out of a total of 134 tests, 128 gave the same pass-fail rating by Nhis criterion as by the then-standard
criterion of 13 in. Hg _-t 300 minutes. The test-time advantage of the use of lower pressure-drop criteria is obvious,
and there are other valid arguments in favor of using small pressure drops as criteria. The use of small pressure drops
emphasizes the "induction period" aspect of filter plu'ging and de-emphasizes the "'pugging rate" aspe't. The
induction period is considered to be more representative of a fuel's inherent thermal stability; the plugging rate is
more likely to be influenced by extraneous Nctors as well, in particular variations in the filter media.

So far as the JFTOT is concerned, the darth reported here are not sufficient for any vald recommenda-
tions on filter-plugging breakpoint criteria. The data on the AFFB-13-69 indicate that pressure drops as low as
0.3-0.6 in. Hg may be valid criteria of plugging, since the standard-coker data on Sample 2 of this fuel did indicate
rather severe plugging. However, the occasional random plugging with other fuels in the JFTOT suggests a problem
related to the equipment and procedure. Possibly the recent and c,'rent CRC work on this apparatus will poiat out
optimum criteria for allowable filter plugging.

Another problem area in the ise of filter plugging as a breakpoint rating criterion is the fact that it often
appears at temperatures well below those causing heater deposits. This appears to be the case with the JFTOT, as
evidenced by the tests on three of the AFFB-13-69 samples. In particulpr, in the tests on Sample 3 (Table
20), the initial test at 600OF gave what appeared to be a perfectly valid tube-deposit breakpoint at 599°F but
no significant filter plugging. If this test had been accepted at face value, or if additional tests at 6000 F
maxim-am tube temperature had, been run and had given the same result, one might have ended the test series
without dropping the temperature; in this case, the severe filter plugging at a 25OF lower temperature would
not have been detectcd. In the case of Sample 2, the development of filter plugging as t6e test temperature
was lo.iered was more gradual. it likewise would have been missed if all tests had been run at the higher
temperature.

This type of problem is not peculiar to the JFTOT, but its appearance in these early data does point out
the need for further investigation. A step-temperature approach during the first hour of test might be useful in
detecting cases of low-temperature plugging. If a step-temperature approach could be developed that would detect
the onset of both filter plugging and heater deposits, this would, of course, be ideal. The obVious difficulty in •uch
an approach with the JFTOT, as in the standard coker, is the lack of any means of detecting heater deposits while
the test is in operation.

Another worthwhile objective in further work on the JFTOT is a reduction in test time. As discussed
previously, the JFTOT with the currently recom- ieTded procedure has only a mninor advantage over the standard
fuel coker so far as test scheduling and test-unit productivity are concerned. If a test procedure could be devised for
the JFTOT with a test period of 3 hours or less, the advantage would increase very materially. Only a few tests were
run in this program with test periods shorter than 5 hours, and the results were inconclusive because the test fuel was
too stable. This was the clay-treated JP-7 fuel, which gave breakpoints of 687-6990F in S-hour tests. The short-term
test data are summarized in Table 22.

It will be noted that filter plugging was apparently rrandom, as had been observed in 5-hour tests on this
same fuel. So far as the tube deposit data are concerned, the only one showing a breakpoint was the 4-hour test at
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TABLE 22. THERMAL STABILITY RATINGS WITH ALCOK 7250F based on the 24-hour re.-ting of the I
JFTOT USING SHORT TEST PERiODS tube. This single result does m.t h-ast indicate

some possibility of .,,ading time fo! tempera-
-..-.-... ture, which may i ai ult in a feasibii tust pro-

Test Heater temperature, OF, frr Filter cedume for less stable fuels.ieTmsx' indicatted color rating j
time. OF Il-hr rating 24-hr rerating An. 8. Conclusions

1 2 3 1 2 3 i.Hg
j - The Alco" JFTO1 %as been

3 725' - - - 690 -- - 5.2 investigated in this program primarily to
3 707 .. . . 572 . . 0.3 explore the possibilities of its use in long-

3 707 - - - 572 645 - 0.1 term storage and thermal stability studies.
3 700 - - - 580 ---- 0.0 Operating experience with this unit 'as

indicated significant advantages over tire
4 725 -- 712 5- 95 712 713 . sta~idard and gas-dri-ve cokers in ease of
4 700 607 -- -- 580 696 - 1.9 operation and turntaround. With the presLnt
4 700 - 682 - 525 675 5-hour procedure, it ha& very little advar;age

ILin test time or unit productivity. The sianll
sample requirement is a definite advantage

for use of the device in ffiel storage programs. The principal problems epcountered in use of the Aicor JFTOT were
in the interpretation of post-peAk deposit profiles and ;1i narrowing do-wn the breaikpoint v'ith a reasonable numbev.
of tests. This program was not designed to give a statisticv, measure of repeatability; qualitatively it tray-be said that

l';oblems do exist, at least with some fuels. Some Gf the problems that have been discussed hee mr.y be re.o!veo by
cooperative CRC programs. In any case, the work reported iaerm has deraonstrited that -me A!Vor SFTOr does hLve
considerable promise fer use as a rating levice in long..ermo prrgrams on fuel storage and therma.l stiolity.

It I-ad been planned to rarry oljL an antlogous study of the Erdco Precision Fue' Coke(, the oihe- tes,
device under consideration by CRC. Njo results were obtained in tirme for igiculion in this repot. Conpleke reih!ts
from tests using both eevices will be presen-.ed in a futture Tech.nical kepe, t.

IS!
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SECTION III

FUEL LUBRICITY SIMULATOR

Recently, SwRI was assigned the task if putting into operation. a Jet Fuel Lubricity Simulator, which had
been conwiructad for the Air Force by a contractor undet the gaidance of a CRC group. Once in operation, the
apparatus was to ut:deigo in evaluation to establish its utility as a screening device of fuel lebricity performance.

Development of the lubricity simulator was the outgrowth of art Air Force field problem with fuel controls.
The difficulty centered around sticking control valves, and woe severity of the problem in the field appea -d to be
affected by the nature of the fuels being handled. The design of the lubricity simulator was intenr,;a to provide a
means of investigating t'e problem area in a realistic way.

Briefly, the lubricity simulator is comprised of two cylinder and valve sets which can be loaded perpen-
dicularly up to 60 lb by simple adjustment. Test fuei, uncLi pressure, is supplied to tt;-- valve and cylinder
assemblies, and the force r'equired to move the valves is measured continuously by means of strain -ges. Valve travel
is also measured continuolsly with a linear voltage differential transformer, and a plot of axial force veirus travei can
then be obtained. A suitable drive h- used to actuate the valves for the number of desired cycles.

The CRC Jet Fut, L.,'ricity Simulato, that was furnisited to the Air Force by the contractor consisted of the
"test seztion" only, withou, any drive system or instrumentation. Considerable delay has bcen oceasioned by the
need to establish tLe requirements for
drive system ;ýnd instrunmentatiort and
then to procure and asse:nble 'these 7
components. In the inezatime, a tent-
porary and makeshift buidup with

borrowed components has alowesd the f
limited operation of t.he lub-icity
simulator. This has proved to toc of
much valtie in determining the overall
arrange~nent of the lubricity simulator ,
system. Figure 7 shows the general
arrangement and components of the f _ J " 1 F
OuIe lubricity simulatof test ,ysteiE. A j L =-"
variable-speed dryi.e actuates the valves .
over a fixed distance of travel. Axial -4-'.
force on the sirltator sahlei will be L
detected by strain gages, valve travel
will he measured by an I.ADT, and
thew signas will be fed into A leiod- l(AR I-. J t . I UIRi( ITY SIMII+ATrOR
ulator fruimt which tPi omtpott will he
displaed on an X-Y re.'ordc-r This wilt I,,vr a.contmnutio plot of these uiirai•etcm, over as tnrns cyclos as needed A
nitrosn o%-drjve %ystem will be uwtd to flow tul through the luhrbtitty sitnulatos at the deurtd rate. anti the

influent test fuel will be filtered throulg) i 0-4S filter Prrenth,,ular utce on the valve' ,.an te apphd aniiatll= h)

means ot a calithrated siping and wiai tent,,n conitant ove:z the teit pertd

Thu,. upkin e-vtabahhng optimum operating ý,onditvams, fuets may then h- ;.ate-d :in a rcl;,tjvs hasi, aainst .
sta•diArd rt hy detetmining the :officTkent o! lri~twon as; devred In ,rdtr to hc osnfidetil r Pt thew Jit., it VilV

rnecear~ to h.-4ve ant, dfe"t t ¢y fluiotng and keaning pr.edurc establi~sed, an t I t oPMrnt ' %U:h A

it now toccmvig con~lderabk atrmition



SECTION IV
FUEL CORROSION INHIBITORS

I. SACK31ROUND

Corrosion inhibitors have been uied in JP-4 fuel for a number oa years, primarily for internal protection of f"iel
pipe linies. Inhibito,-s are qualifled under specification MIUA-23017B, which was issued in 1962. lnhibitot'ý are

reurdto pass a corrosion test, which fixes the "relative effective concentration," i.e., the minimum allowable use
conentatinThe ma~ximum allowable concentration is established by several criteria but cannot be greater than

four times the relativi; effective concentration noT greater than 20 pounds per 1000 barrels of fuel -20 lbf/Mbhl),
Once an inhibitor has been qualified under the specification, it may be used in fuels supplied to the Government
without any furthei t'~ting. The fuel supplier purchases an inhibitor that is certified to meet the inhibitor specifica-

.ar, a%! the only inspection tests that are run are on the blinded fuel. These tests do noi >-clude any form of
corro'.ion test.

To update the corrosion inhibitor specification, the Air Force has issued a proposed specification. MIL-l-
2501 7C, draft dated January 1968. T'he pertinent sections of this sp!ecification are included here for referencc (see
Appendix). Qualification testing under this proposed specification uncovered a number of difficalties, primarilv in
the rusting test itself. This problem was assigned io SwRI for investigation; the results obtained to date are reported
herein.

2. RELATIVE ErFECTIVE CONCENTRATION

The test fo; detiumining the relative effective concentration of corrosion inhibitors is an adaptation if ASTM
Method D 665, "Rust Preventing Characteristics of Steam-Turbinie Oil in the Presence of Watet." The method as
specified in MIL-1-250178 calls for testing the corrosion inhibitor tit increasing concentrations of 0.5 lb/lOOO bb]
increments in depo)larized isooctane, after prelirninai .,' extraction of the test blend with distilled water. The test is
run at 100*F with 20 hours exposure to synthetic sea water. Specimens showing wo rusting under "normal light"t
(approximately 60 footcandles) are considered as passing. The minimumn concentration of a particular corros-on
inhibitor whkh pioduces specimens passing the test is considered the relative effective cýoncentration.

Because problems of poor reproducibility had bc-en encouritered with this test, additional mixdifications were
specifief! in the proposed draft of MIL-l-25017C. These included. (1) a more rigorous e~polarization of the
isooctane, (21) more specific directions for polishing the steel test specimens; 10) more specific directions for the
water ex~actiou of thi test sc~utions; (4) specification of a S-hour test with synthetic sea water at 100 0 F; (5)
definition of a passing test as a specimen having less tioan ux spots of rust less 0-.m I mm in diameter on the :enter
1 -7!8 in%:h section of the test s-pecirnen (Ignoring the vn sections). Die test procedure is hated in th*- Appendix
pra.grzplhi 4.r-. t through 4.6.3.2

Subsequently, tests by Air Force penronnel wirhthi r'r'.ccdufc using ýynthettc -sei watcr) had given rather
poot repciltabrity, wtiisli ippearrd to be improved hy the substitution of diltilled walci. F ugiher wvnk by Sw~ki
tepo~ted here, wsdirected tow-ard def-inmin the ýest repeatAbditi arid tho relative per:'ifrrwsnco of corrosion

tr.'zbiw0c iii '-howr te,%t with distilled wagter

Menticm %hould be imade of -an snurtuly ir~ the ;edctosfor the ste-el ,ed tin. ies4t %ecimnn ANTM, Vt)A
i-all% for 1tfl S, I 10_', or 102 5 coW-finshhd bir Such ntoi isl hu- hteti )'; ~.te for many year,, but the ASIN
isote-lutr h-.s not been updated Mo'it isonatorsew use tOIS k4d-finnisise bit, wtih bff~em froms the

l~l~-lZ()10>~a~' i hainga ligfr mnajn~s ~.nstntF,,-* the w.*k reportevd heic, the Air Force obtarned 3
tupob of IQON Atktnr4,11 hr in ý!Xtnch (harneter, fline whtisý the 1:'In: %ind i ;p ctncr were fahricaieU This
rrmter'ai has been '.Ted in all of the tn:;t repor*tkd herein

Tht Tcuwlti of ou~r rustin teis t; r ;urrLn-urired m I Abie L(

4,9

..........



TABLE 23. RUSP14G TEST RESULTS UN CORROSION INHBITORS

54rws pert PC, hposd MIL-I-2501 ?Coftg dW.We %aim

Camnu, Nu ftest
lb/Mbbl Pass Questionmab~le Fadl_____________-

Inhibitor A. old sarnip

2.0

3.0 I 5
3.5 1 3

40_ 1 ______-

Irthibilor A. new sai. -pie

3.5
4.0 2

4.5 1 jR.EC4.5 1biMbb!

*Inhibitor B, oldwsmple

'.5
i0 3

3.5
4.0 2

l.hihitor I4 new sanwk

40 1
4,50

I Ail -.peý.infw" th tc-t, tm Inhib~tor C

- than tN)fvxj4ý..ii'dkt

VOt



TABLE 23. RUSTING TEST RESULTS ON CORROSION INHIBITORS (Cont'd)

5-hr tests per ,hoposed MJL-I-25017C using distilled water

Concn, Number of tests
b/Mbb Pass uestionable Fail

Inhibitor D (three different samples)

2 thru ' 5 1 35
16.0 1 2
16.5 1
17.0 1 3
18.0 4 1 3
185 1 REC > 18 i"/Mbbl
19.0 2 1
20.0 2

Inhibitor D, water extraction omitted

3 thru 5 i 1 9
6.C 4 3 3
6.5 1 REC 6 to 7 lb/Mbbl without water extraction
7.0 3 3 1 4

7.5 1
8.0 52 1

8.5 thru 16 5

Inhibitor E. old sample

4 thru 10 2 1 10 Single passes at .0 and 10.0 Jb/MbbI
10.5 I

SInhibitor L, new sample

100 2
tl.0 {

12.0 I 1
13.0 1
14.0 2
15.0 I

18.5

19.5 1
20.0 11 REC 20 lb/Mbbi

3 5 3 1 I,( 3 5 lb,Mbbl
4.0 1

50

- -• 2,. II I I -- f 2 J



TABLE 23. RUSTING TEST RESULTS ON CORROSION INHIBITORS (Cont'd)

5-hr tests per Froposed M1L-4-25017C us*g distilaed water

lbCbtbi Pass Questionable Faii T Remarks

Inhibitor G

2.5 2 REC 2.5 lb/Mbbl
3.0 2
3.5

Inhibitor H

2.0 3
2.5 / 1 3

3.0 2 1 REC 3.0 lb/Mbhb
3.5 ,]

~ .....~L ____ .. L..... ___________________

The repeatability of the test is evidently inidequate to differentiate 0.5 lb/Mbbl increments of concentration.
There is generally no sharp transition from failing to passing results as the concentration is increased; hence, the
relative effective concentration cannot bc pinpointed. Further ambiguity is introduced by the occasional "random"

results that are encountered, particularly passes at "oncentrations far below the apparent REC.

RE( data from two other sources are compared with the SwRJ data in the following tabulation:

SwRi Lab 2 Manufacturer

A 4.5 3.0
B 3.0 5.0
C 5.5 4.5 7.0

D >18 3..
E >20 4.5

3.5 .5 4.0
G 2.5 45
H 3.u 2lo 3.5

`or the four itnhibitors checked b) l.ab ) tach RI.( was wtthin 1.0 IbMbbl of the cofrespondmng vatut

determtned by SwRI, The inanufacturers' data weir obtairied iii ý.hioui sea-watei tests, whereiaN the SwRI and Lab 2
data were ubtained in 5-hour distilled-water tests. Thc 1,1t-u.1actuter,' datai were mostly In egreerent with the
,)ther5 Notable exieptions were inhibitors D arid I;.' WhlcI ttleI Ce.SUI(S injdicjte tj1IUCN C(e• evn: 1 'KZ.UIt NbhMbl And tile .

r11ijufactuier' results indicate satisýactory tesults at 35-4 5 lb/M;bbI 1u•, ain' be tnerely j refletx twoi ok the

it'lefrence itn test water, or ofhei lactors ntia entet in Ii i t11tCworthh lhiar ihtbhiioS 1) and L atre the on. 1%o iw
:he group Willh poor solubtlltt in isolcvare.

the poor tepentabhiity oM the tet results is nio do'.bt the (-nd pro.uc( ot A geait many lactoru Some of die

,eak points of the present test nwtho. and equqlwnt that are Thtuglid !o 1, rtribut? to lhe lullec"'."ons Are as

1 xAct piaLýetient of stirets and vontrol of stitire wobbr is dtffiulrt to older euu':ut. flit% could lead
it) ditterences in the 4ispersion of the water in different heakem. aur~tg, tile test

St I"



41 Thc tapered groove in the cover plate, specified in ASTM D665, allows th cover to tilt on some beakers
so that the test specimen is not vertical. Droplets of water might be expected to cling more easiiy to the
angled specimen surface.

* The oil bath is not stirred, and iemperature gradients might be expected.

*The specimen, after polishing, is merely wiped with a paper towel and then pl.--Ced in test. We feel dial a
specimen washling procedure should be in~cluded to remove possible contaminants at this point.

"* Thle method of preparing the corrosion inhibitor blends is not specified. In this labo..to~ry. a fresh
concentrate of each corrosion inhibitor was prepared onl the same day the, fir~aI blends were prepared and
tested. With inhibitors D and E, the concentrates (1000 lb/Mbbl in depolarized isooctane) wereý cloudy.
Thus. partial insolubility of the inhibitor in the finral test blends is as definite possibility. At the low
concentrations of the final blends, insolubility cannot be detected visually.

"* The preliminary extraction of 350 ml of the isooctane solution of inhibitor with 35 nil of' water is a
source of additiona! operator vani -'ility and may not reflect field usefulness of the inhibitor.

"* Most critical of all the method weaknesses is the deperidence on specimien rating judgmecnt of the
operator. Type and interisity of lighting are critical, and the mere specification of lighting at approxi-
mately 60 footcandles does not define the lighting conditions adequately. Also critical are thle angles of
observation of the specimen and the visual acuity of the observer. Many of the tests which were rated as
questionable were cases where a technician with shoerp eyesight could count more than six rust spots.
while anorher rater with less acute eyesight could not detect this, man-y spots and in many cases could
not see any rust at all. Often the pinpoiat sized spots are grouped very closely, so that a question arises
as to whether the grouping should be considered one or several spots.

Several of the above weaknesses were given preliminary ii~vestigatioa. MachininS out thre groove on the cover
plat,, to remove the taper led to a more stable cover and specimen po!sitioning,

On Peveral occasions, specimens were subjected to thorough cleanup after polishing. This cleanup was designed
to remove dusts and oily or water-soluble residues of the types that may be left by the abrasive paper and by
perspiration residues. The procedure consisted of wiping th~e specimen with a towel wetted with toluene, vapor,
Jegreasing over boiling, toluene, dipping in boiling methanol, an~d again vapor -degrea sing over toluene. Or. threse
.pecific occasions. ilo significant differences were noted between the rustine of degreased and riondegreased speci-
ruens. However, we believe that the lack of any adequate cleanup procedure in the standard test does in~ioduce a
random source of error that may contribute to the randomi passes and failures that are encountered.

Corrosion irrhit'itors 1.) arid E weie run in a test solution consisting of 2019 toluene, 80' isooctane, to atitetupt
,to overcome tire insoiubility of these inhibitors in pu-c isooctnile. ('oncertlaited solutions ol these in-hibrtor.ý (I 1U00.

lbMb)In tilt,, mixture werv still slightly cloudy but less cloudy thain whetn pure isoocranie wivas used, Results of* (Ile
corrosion tesl tsin this solutionv were identical ito those obtained with the pure isooctane te.it solution.

Corrosion inhibitor V) wa,% carried though tilt test poutedtire with tile Witter extracticiur st.-p otili~ted U1iriSsiN01
of this step resulted in a definite impirtivenient of' the cot rosion ifihibiting prope tvý of this inhibitor, as nioted IIr
Tabic 23. by the rei gilar pro edure., conicentrations (if 18-21 lb'Mhbl were required lo given passing iresuli, witen the
witer WxrAction was oinuttec, concentrations atwve t) lbIMbb gave fairly .onsistent piosing iresults. 'The orrigidll

objeccive for tile inclusion of ltei %Vtur extiaction step in' lthe test was to guard against qualificatlion of" niortetiak thur1
are preferentially wateir-soltsble, since such imaterials would kave thie fuel durniig field storage under normal "wet"
C011ditions, Int the lost, the water !fuel ratio in tile extt.Actionr siep Is I /'I U, aild it ti.-ay br Argued that this is unduly
h~ch in terms of service Co~iditron.n fCertainly it duos not reflect thle vitiations In which at corrosion Inhikizlor is%
line injected during ptpelinr opefatiuns. The inivestigitiun of the performAnce of corroision Inii~bitor 1) withlout the
Witter extraction was neceisiarv be,-Aus this tinhibitor is reported to be highly effective in pipelitie proteciortl at lvl
v-' 4-8 tlb~bbl Sintce thle gial of this lest is, to iet1-%e flit eflectiveness of thle corrosion inliibitof under acIiull



conditions of use, elimination of the water extraction step rmay be justified. The effect of eliminating this step on
the test performance of the other ie,,en inhibitors has not yet b~tin investigated.

Improvement of the accuracy of !ating specimens may well depend upon replacing the visual rating with aquniaieceiaIehdfrmauigýettl croino h pcmn ihtesalaonso
corrosij)n present at twe "pass-fail" point. deveiopinien', of a practical rating method would be difficult and would

entail a long-range effort, with no rea! assuiance of succ-,ss.[

The variables indicated above in the corrosion test procedure are numeious, and we believe that improvementlb

r of the test procedure would involve a long-term effort. The rusting test in its original application to turbine oils his
giver, severe difficulties with poor precision, and its application to -fuel corrosion inhibitors merely compounds the
difficulties. It has not yet been decided whether a long-range improvement program will be undertaken.

3. MAXIMUM ALLOWABLE~ CONCENTRATION

The inaxinlim allowable concentration is specified in the proposed MAL-1-25017C. p,--agraph 3.6, as the
lowest concentrdtion established by zhe following criteria:

*Twenity pounds of finishe& corrosion inhibitor per 1000 bhl of fuel.

* Four times the relative effective concentration in pounds of finished corrosion inhibitor per 1000 lbbl of
fuel.

0 pounds oý finished corrosion inhibitor per 1000 bbl of fuel.
(percent Ash of corrosion inhibitor)

* The ccncentr;,tion, in pounds of finished corrosiun inhibitor per 1000 bbl r~f fuel, which will give a
minimum Water Separation Index Modified of 70 (Method 3256 of Federal Test Method Standard No.
791 using 85% 'o~ume Bayol R-34 and 15% tolue'ie).

The maximum allowable concentration determined for each corrosion inhibitor is summarized in Table 24.

Ash content was i limiting factor in
only one case (nlnimitor B). Two differ- TABLE 24. MAXIMUM ALLOWABLE CONCENTRATIONS
efil samples gave average ash contents of OF CORROSION. I NHIBITORS
0.99 and 0.801%l respt,-tively. The lower
result wits ohtamned with a newer sample.
The propoised NIIL-l-2501 7C Fpectfie!s all 1(ortosion Maximum. allowable concni, Ib/Mbbl WSIM
ash dete~inination using ASTM Method D inh~ibitor kswRI Ths, t IRF0rt~edT Iy maurac-turer
482 with at Vvcoi crucible. Ml L1-2501 7$
hics specified ASTM Method D) 874 A I2 12 t87 2, 85
hilfifted ish. 1 1012*I 63.".094

(of rosion iii hit itot H conitains 1111- 1) 20 -- 74,7o,81
fliticant 1inlounlfl (it phosphorus. aiid it 2).711
hasJ beenT poiiJE~d otit int uhl tioUCtIJW(L~ F 7.
will attaJ1 (lie Vvcmr Ljrcibcbs III thc G 64 I 1
ashii1ig procedule. leadifIF to' Pool leprat~i H1 14 7.3

bilin as v'e II as highi re~wih.'i le U',( o i a

platinum crucible has bectl I cc 0111CTinded *1"w' lf'ti ~I- ae Svpoiainunn irdeN lo~datncd tAASIh) wh~ct j% btloi. U',
to eflilminae 0iesc pfoblents IIfle tCw ca '.h~ cOfttetitrallm, of tfrlthstbut

laniniied Ii) A~t; ,tini ut of NtI' ~sw onca rm nk at,,*, li~ ~ni~of Inhibitor H. we obtauicd wili cuil'ten~t. Iae byiV ) 4 ftmVc tsTiaiJ' ff0oLtSVe (own',nation,

ol 0 3,S avd 0 54'" in VscLOT d3!bS Mlle
si td 0.0i2%T III plit~nItIt.l drilhev __________________________________________________
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Attack of the Vycor dishes was also evident in the case of several of the other inhibitors. Checks using
platinum dishes for determining the ash content would be advisable for any samples with high ash contents.

4. soLUlIIrY AmI COMPATIBILITY TESTS

Each of the corrosion inhibitors was tested in JP-4 fuel only; the tes with the specified gasolines were
omitted. Each inhibitor was blended at its maximnum allowable concentration in an additive-free JP-4 base fuel. The
samples were visually inspected for precipitation, cloudiness and other evidence of insolubility immediately after
mixing and at the end of 24 hours. No evidence of insolubility was ooserved at these concentratioais. However,
concentrated solutions (1000 lb/Mbbl) of Inhibitor E were slightly cloudy. Inhibitor D, which gave cloudy con-
centrates in isooctane or i.:,ooctane/toluene, gave clear concentrates in the test fuel.

Compatibility tests weie run by mixing fuels containing the maximum allowable concentration of each
corrosion inhibitor previously qualified. Visual inspection at ihe end of 24 hours indicated no precipitation, cloudi-
ness or other evidence of noncompat'bility.

Both the ccmpatibility and solubility tests are of limited value, since they indicate only gross solubility or
compatibility problems. At the maximum allowable concentration, the solutiorns contain, at mest. 57 mg/liter (20
lb/Mbbl). In our experience, a fairly large percentage of the inhibitor present would need to precipitate before the
insolubility would be apparent. Th.us the tests would indicate only major problems in these areas.

6. IDENTIFYING PROPERTIES

The following determinations were made on each corrosion inhibitor: flash point, specific gravity, neutraliza-
tion number, and recording of infrared spectrum. In order not to disclose the identity of these proprietary products,
individual results are not recorded here.

Flash points were determined by the Pensky-Martens Closed Cup Test (ASTM D 93). Flash points of the eight
irhibitors ranged from 82 to i 58°F.

Specific gravities, bO 0!0°F, ranged frr, C.,',71 to 0.962.

Neutralization numbers ";'r• a-tertn d uiiing ASTM Method 1) 974. a color-indicator titration. ASTM
Method D 664, a ootenticnieti, titrakoun. gave pctk., Inflection points with certain inhibitors, other difficulties II
testing indicated that the method is not suitable' without "1,,tation. B ) 974. neutraliatiown numbers (Plig KOH
per g) ranged from 54.9 to lb; for the ei.tt inhibitors,

infrared spectra were obt0idId Using a tiln of the itihibitor hetweet! K8r plates. These hfrtc 1wecll olil III i ul
h horatory tot titlure use ui idec;tificatioti prob•!nrw

6. c"OtCi.U~tQN•

The rutting test as presently tuni (5 thours with dtitiled water) d•i•, not give reo¢lhr o)f ,futll..ct•r tcpt'a¶it.
to define relative effectiw cuncentrattooi, The two najor difficulties appear to, u pdrtwa ins,ltihflhtlr ,f &it it-

inhibittos in the tett solvent and problems in rating the extent of rusting

tutUr work ir thb area will be directed toward flling in the gp1 i the prmeei d"t• (or ptkimbic 111C wi

wulifitca•n p~rugrani IuP1the0 'Ive"ptiotiun of 1h1 lust te•t variable% and ptecisisl i rmpIemeit mra. nr , the
.pursued
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S$ECTION '-V

+U EL AND IVOUR IGANT AWAJ.XS!

'1. GENERAI.

Contractual effort in the general area of fuel and~lubricant analysis, includes a long-term program in develop.
rnent of gas chromatograp)hic techniques for lubricant L-ialysis, .a variety of short-term projects on specific methods
of fuel inspection and analysis, and analytical -services in~suppori.of other.activities with~nhtheýSwE] contract and
in-hiouse activities of the Propulsion ULaboratory.,Herc we will discuss only the analytical work thal ts of independent
interest.

2. LUBRICANT ANALYSIS

Operating parameters for the gas ,.hromatographic "fIngerprinting" of '.-.:flhetic lubricants have been stan-
dardized. Using these coaidit~ion4, it is possibk-'to differentiate and identify the _engine turbime oils-currently in use.
The conditions uý,!d oroduce fair resolution of the individual estcrs of which the lubricants are compounded.

The instrument which has been used for the bulk of -t~his work is -a 'VarianModel 1520 GasChromatograph
equipped with dual columns and flame ionization de-tectors. Of the liquid phawethus far-examined, OV- 17 has been
found to be the best choice. ýFew liquid phases -are stable -at _the-iaximum temperatures of 3-00-j207C which are
required to give good elutiovi of the high boiling esters used.in, 'the synthetic Ilubricants. iOr such liquids, ,OV-]7
appears to prcvide the best compromise for resolution of-.the wide range of compovinds involved(6,7). The column
description and instrument operatin~g parameters are tabulate6 below:

Colurviw Tubing - 17 ft X 1/8-in. O.D. stainless steel
'Solid supporl: - 503-60 mesh Gas ChtomZ2
Uquid phase--'-% OV-17-+O01% Atpet 80
-Catriergas flow rate -_20 w.I/miri helium

Detector: Fla me Jonization -20 min/mmn hydrogen
:200-300 ml/ini air

Ternpe ra ture s: 'Injector - 310 0C
Detector - 220C
:Column - programmed 2400 to 3200 at~a rate of

1 G0C/min, isothermal iat 3200OC to total
analysis I~ime of-20-35 minutes.

sample: 0.10 to 0.30 microliter oF~the lubricant
inijected.direcqly.an column.

The "Fingerprint" gas chromatographic scan~s obtained -by ithe. above procedure have been of use in solving a
viariety of problems. Typical of~these are: (a).proving contamination and~identifyin the contaminant in engine tests
of individual lubricants-, (b) monitoring batch-to-ha tch'variation of the~chemical composition of qualified lubricants,
then using this as a basis for deciding which physical tests~are of mostý importance ýfor qualitycontrol; (c) identifying
which lubricants are present in ýengines which: fail or-encounter -problems; And!(d),determnining which lubricants, are
responsible-for building u-p dtosits or loosening oreviouslydeposited residues.

Although -the meth od has not been, -developed to the ýpoint where quantitative determination of, individual
compounds in the fornmulation rcon bermade, it is presently of~use for semniquantitative estimation of mixtures of two
or three lubricants or for following the -changes in the composition of one lubricant, as in detecting the loss of more
volatile compounds during use.



Future work is planned it! the areas of further ri.-proving resolution, quantitatively determining individual
compounds in the formnulatioais, and correlating chý,nncal composition with physical properties. Purification of

in~dividual esters using preparative sc~tlC gas chro-
TABU~ 25 ,RESULTrS OF FLASH POINI1 matography may bc necessaiy to otbtain pure

DETERMINATIONS standards for use in this SLudy, and preliminary
work has been done in this area.

IVol % FSII -TCC ls ~nT 1IC on,*

PF-h4 fuel Other -areas of preliminary investigations are
- ~(a) -the use of -a solid sample injector to identify

0.00 -. 171.17Z2,1-73 172 182,I.;2 ;82 -oi dpst ri urcnsad()teueo
0.05 - 168,168,169 168 178,178 178 soi poisfo lurcnsad()te se f
0.10 - 165,167,167 166 174,174 174 infrared spectroscopy to measure the degradation of
0.15 0.140 162,162,165 163 170,1712 :781 lubricants.

o~oj -- 165,162j.8
03 154.154,154 154 158,158 5

JP-.5 fuel

- 2 c. ýFJLASH -POINT INVESTIGATIONS
0.0.)1 - 50,149,150 IS0 156.156 156

0.05 . 151.150,151 151 158,158 i5

0.15014 148,148,149 '147 1564i56 154 Art investigation .was conducted to determine
0.50 14 AJS147 147 14i5 5 the lowering .of -thec flash point of -various fuels by

0.30114 .h,14 j 4 146,148 L47 -the addition of -fuel -system icing inhibitor (FSII) in
_:zamounts up -to 0.30% (vol). The FSII was current

. ______ f ____ 'M114-27686D material -consisting of 99.60% (vol)
0.00 1 0.0,0 0 08.110 .109 I2-mlethoxy-ethanol -and .OA0o% (vol) -glycerin. -The
0.05 I . 108,109,108 108 '08,108 108 .-amouint ,of ' SII in the -0. 15% sample of .each .fuei
0.10 - 107:107,I105 !06 106.106 16 I was determined -by dicbromate titration (FTMS-791a,
0.350j.146 105.104,105 11051 104,2026 0 Method -53-27;3) Flash points were determined in0,30' ~ ~ 10.0,0 0 0,0 accordance with ASTM -D 56-64, Tag-Closed Cup

_________________ ._________ -Method i(TCC) -and ASTM -D,93-66, Pensky-Martens
-Method :(-PMCC). All -details of these procedures
mwere 'followed -closely. 'In particular, the tests were

a....-condiucted in a .draft-shieldeA urea in .a room with
-the ventilating .system ýshut off .at the time the test

17 w-as _actually IA process. - Heating rates were con-
-trolled closely. 'In ,the Ponsky-Martens tests, tile
stirre !rotation was dcirected to give downward cir-

l.~iA culaion f -thle test :fuel. Thermometers were cross-
fli~ '~'~ che~cke-d for ýaccuracy. -Barometric -corrections for

r50 -flash -points were found to be negligible.

i wo 
-l ul u e n ti t d a b an d f o

:Air :Force supply stored at Area B, Wright-Patterson
,AFB. 'Complete inspection test -results and storage
records were ýnot -available. The three fuels were
PF;IA, JP-5, and :JP-8.

It0o

-~cc a-he -flash -point test results are summarized
-in Jable ý25 2nd 1 Figure 3. These data demonstrate

0,05 C11 0.1 0_2 0.2 Da lowering of -flash -.point with incre~asing -con-
Vol Psi centrations of *,FSI lfor all three fuels. As would

r1GURE -8.DEFFECT OF FSI ONCFUEL FLASH POINT be -expected, the effect of the 'FSI! is very
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p;ronounced with the high-flash PF-IA fuel, les.s -prok~ounced with the ott Jr, lower-Ilash fuels. Based on
the plots, the FSII. at the maxinmum use-concentration (0.15%) -lower~i the •~sipoint about 10-12'F for
the PF-IA, 4"F for JP-5, and 2'F for JP-8.

The repeatability was gen~erally within ASTM state-d Jimits, i~e., 4uplicatt ro.rulwts: the same operator agreed
within 2"F for the Tag Closed Cup Method arid wiihin -4_'F-or~the Pets~cy-v~arlens Method; however, occasional 30
differences were noted by the same operator vsing the.-Tag Method.Two operators wiere used i~n.gathering the-Tag

dt.The flash polrit of the FSff itself was found to be l060 zF-by The.Tag Closed Cup Method.-rhe data -reported
here on JP.8 blends suggest a lower flash-point for the FSIIL --Howeve.-little significance can be attached to The small
effects, which were generally within the raptatab~ily precision limits of the !est methods.

For the PF-l A and JP-5 fuels, flash points -determined by-the -Pensky-Marten'smnethod were significantly higher
(4-1 0"F) than those -determined by the -Tag method. Goo~dagreement -between -the two -methods was found with
.P,2-8, i.e., a! a lower level of1 flash point. --Mhe tendency toward ljighcr-results with -the Pensky-Martens method .is
apparently quite-general, espe-ciallylfor the less volatile fuel; -We-bebieve that the most lkely source of jthis.differenc;e
is the more rapid heating rate used in the -?ensky-Martens method; lO'ýF/-Fin vs:20 /Jnin in the Tag method.7he
faster heating rate does not allow sufficient time for the vap,)rphase to.approach equilibriun-,; thus, the temnperature
"overshoots" -and the observfed flash point~is higher than it-would beat~a low.-r rdte of heatilng.

It should be pointed out that neither of these methods -measures a-true `eciuilibriumn",flash -point, since each
method involves a finite rate of heating -and -periodic venting of -the -vapor -space -while the test- flame is.applied.
Therefore, one cannot say thateither method is more '"correact".Than -the ether.

-4. DETfERMINA-lON-PF OXYvGEN-CONTENT-OFT1JEL-S

Oxygen -determinations on fuels -have been performed in support of -Air-Force~studies~involving the Advanced
Aircraft Fuel System ~Simulator Rig~at -Wright-Patterson AF.B--The-.Simulator -Fig w~as originally design7ed-and tested
by North American Aviation to test fuel stability under simulated flight conditions.. The-iignificance of the oxvgeil
contents of JP-5 fuel in this test system has been discussed in--reports 'by North American -concarnirng this test
174(8 ,9). Our wvork 1has been -performed on JP-7 fuels which were -investigated in more, recent test- se .ries in the
Simulator Rig.

The method used for the deterrmination of oxygen isa gas chromatographic -method originally adapted from a
Phillips Petroleum Company method.(l 0 )

The method prerently used emnploys .a Cenco' Model 1013 Vapor-Phase Analyzer, equipped with a thermal
conductivity detector ail operated wfih the oven .at ambierit temperature. 'A;5 ft X 0.25 -in. copper column packed
with 1 3X molecular sieve is employed for the separation. An-8-in.-precolumn filied with the same-packing is ir-,talled
between the injection port-and the-column -proper.:The precolumn~absorbs the fuel and must be changed daily. The
column and precolumn are conditioned .at 300"C overnight., Helium is used as Ithe, carriei gas.at 10 psig irlet pressure.
The oxygen response is calibrated by injecting .a 20-microliter~air sam ple -before-and after. each- ten-fuel -injectons;
this is equivalent to 5.6 inicrograms of oxygen,. Fuel-samples -ofAO0 microliters~are hinjected., making at least two
de'erminations on each sample. The oxygen content is calculated as follows:

h, 5.6
Oxyger~, ppm by weight---,-X '

where

Y,=height of sample, peak
ha oheight of air peak
A =spec~fic gravity of fuel sample
B -size of fuel sample in nil
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The use of air-asturated hex me as a csibbration standard (rather than air) was investigated. since w! believed
that day.to-day variations ini the, chromatographic responhe to oxygen might be better compensated by using
"•h•thration standard more similar to the fuei simples. Comparison of the day-to-day variations produced by the two
sat-thods of 'udibrat,on indicated that no advantage was gaied by using hexane.

The results of the oxygen determtnations for the JP-7 fuel tested in the siiatlato, duiing June 1969 are
summarized in Title 26.

TABLE 26. OXYGEN ANALYSIS OF JP-1 FUEL FROM SIMULATOR

Oxygen contents in ppm (Wt)

fcomineg Start cruise, End cruise, Peak LAir-.aturated hexane
Test fuel t = 25 min* t = 120 min* descent* Initial Final
no. t =0 3rln* L 4 5 6 7 4 5 6 7 7 valuet value

8.093 67 14 15 13 13 10 8 10 8 4 1P8 116
8.095 67 14 11 11 12 9 9 8 7 <2 I.2 120
8.097 54 10 10 10 9 7 6 8 7 <2 99 105
8.099 80 14 13 1 13 6 6 10 <2 110 107
8.101 61 10 1211 ; 3 7 13 7 6 <2 116 19
8.104 72 15 13 15 18 6 7 12 16 3 115 12
8.108 54 12 11 14 II 8 9 7 7 <2 109 121
8.110 66 14 18 15 17 8 7 1-0 11 4 122 122
8.112 so 11 12 11 11 -7 9 7 6 <2 110 124
8.114 48 15 13 13 17 1.3 7 1 10 <2 1.4 124
8.116 59 11 10 11 12 ,i 7 7 7 <2 127 127
8.118 62 14 13 12 I1 7 7 9 8 <2 117 120
8.120 64 15 14 15 13 9 10 15 8 <2 115 121
8.124 54 I 1• 15 10 6 h I9 7 <2 I '1 125
8126 91 II q q 7 5 5 o <2 114 120

Avca•g 61 13 12 12 13 8 • 8j"2 116 120 •.

"-Nuftb',n in suttads FTpfMt 46C aumbcro

Tlatr 'tnwti fut" sanipic j.-. ep•pcied tv be nal.'k awt. ,tultsteJ Th c fatrv harVr vraftalit ta thr J4r ,

' liXyge !:0urrit It 4rI the, *ulo d bfr exrmcAttl tsfketi the rsrof tmnhent trv 'h p•irnI vg•h? Wi-iet lt
Prot.ediu and the *nx tiod of dettrosniviti Thp dft-isaung oxygm'i vntent-- wdhIuWfueanli$ IzPer~tute at inw
in the wnuAt" to! 1!$r :rflec~tcji bN fil daij Full iJ&wtoamn oft the fngao"n- It.- the. dsele$ kor' tnamcý ill th,
ItfegI...IVC 4) VAJISM11111 the. tet rig

The Pven irtrof i 6?r41 to( stiia oxyprn CWC4ii, iMPf0Vo0Wi1eIt' Ig mnrC. It% fjia%41bilf At-4 xunsý

spc a, ilr~ wr p1311 ý% mveIfatc arc imptove,'-.s Of th - umoltrig 4"u.c Idcceviw " the c z.~~p
taev-tsuin p~ to iVV Witte atofij*akoWs of thv 1W.. nmplvý

S. PUIELADornVWs

Suppot! work hta beev pvovtikd for traneoi arrtvsot cs of N et de~ Sorti of t1hes ave 4ns&cied in the
Vi~dmor% o4 t*.. 1CPltt wh~ithf W uS6 laid tshtyi *[W c~rrwouon imhubngo.



Field problemn with atrcraO, fuel pump failures prompted an investigation of ome cf the presently .quaiified
Awel corrosion inhibitors, to determine whether precipitation of insoluble Material or teaction witJ. Mets& of. the
pump could be contributing to the failures. Only preliminary findings are avitlable. IReactivity o' the corronon
inhibitor with lead has been demonstrabed, and the limits of solubility are being ddfined.Thus far, no clear relation
can be established between inhibitor behavior and pump failure. Work is continuing in this area.

One of our goals in the area of fuel additives is to adapt or develop quantitative methods for d:ermnining
concentrations of the most commonly used fuel additives.

A method for detem'ining DuPont AFA-I corrosion inhibitor in thi' has been adapted from, DuPont
Petroleutn Laboratory Method No. G42-65 for phophrus in gasoline. Up to 10 ml of fuel is ignited in the presence
of 7tinc oxide to destroy all orVtnic material. The sampic is tscn disolved in sulfuric acid and reacted with
ammonium molybdste and hydia-ine sulfate. The absorbance of the resutting "molybdenum blue".phosphorus
complex is measured in either 10 or SO mm cells at 820 mn usidg a Becknman DK.2 spectrometer.The imnhod was
applied to samples containing approximately 10 lb/MbbI concentrations cf AFA-.. Our data indicate that the
method sensitivity is Adequate to differengate between 1 Ib/bWN differences in concentration of AFA-l 'I fuel. The
method is not specific for AFA-I but would determine any phosphorus in the fuel. It may be of use for determining
other additives containing sufficiently high concentrations of phosphorus.

Similar adaptations of other methods to determine additives will be aitempted when possible.

6. PRECISION OF NEUTRALIZATION NUMBER DATA

Three methods for determining the acidity of jet fuels were investigated in. an earlier cooperative program. The
data have been analyzed by SwRi to determine the preuision of the methods. The three methods investigated were
ASTM D 6(4, ASTM D 974, and a method developed by Esso for use on aviation fuels based on hot titration to a
color--idicator end point

The cooperative program involved six laboratories. Neutralization number fuor five jet fuel samples .-eie
deterinied by each of the -three methods and by each of twvo operators at individual Lýoratories.

We dete-rmied repeatability and reproducibility for each ainple and each method in accordance with ASTIM
definit~ons, and tfund that these could best be represented as flu.,ctio, of mean neutralization number. Ceffictents
were detevmined by ifca. regressan analysis. tietails of tVe data. vaiytis have been fumished to the Propulsiorn

The cy.ptemuons dcrwvrd to, ptromion s._

/l• M V bt,&4 U.tbO,6 0 121) A (1,i005J * 1%4 0AXUi..O0?t
.rM V74.002 x 0,00i.. + 0-0 g,004 0.i 3.

I ul(1, 0 4 0-0 XOQ Us tDIJ 1 0 "74 A OIrkI

1-1oI za.1 kiethod, tile, tcsir~aK1 eisr appiicahle -, 1the r-Avý t~iltc~tled At' vidwt U%, rq !;M 1wI Vt gA-M

Sample. find x ii i'w in*An of tw -e w!ý*w. The rr,:,sAtmuiat *ed 'apiod.wsbility dejfminmtiowss v
the sia;sl A.S1M dztmuu-ittoI9 cVifidept- lewell, rxrrtZ~ ina. thr il~hr -L- the "withta l~bfatins

rea.J~alt'. Th4% rreterst IVA) tw k-tirrnuatioms *tihol tf- Usm akk44t . without irtpz I-- *fKilwm the- ;3pertol
aid app¶ta~ w~e tz aenbct tot theit tssP1WA Thirs anwthi C4 Utt:a the 1weai ~re~vbazues

cantt&-! owr spfruata om tirae ot tuxgmi the d-,irnrm tio w*w apectfied f- tho prapam Tht "wutwm-
lmI*wtcv'ýre~i" tshilt ni allod ta ASTM porecO uar.P 'e.-k~d it 4s ckart' idenufuee %"ch
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Using these expressions for precision, the following are obtained for a mean neutralization nurmber value of
0,015.

Method Repeatability Reprodsj,.4bflityIiASTM D 664 0.0055 0.0076
ASTM D)974 0.0042 0 0086
Esso 0.0034 0.0052

At this level, the Esac method is somnewhat more pre~cise than either of the ASTM methods. The Esso method
shows the best precision of the three methods up to neutralization numbers of about 6.030.

Ith should also be no~ted that the FEsso method gives values that Are significantly lower than thl);o obtained by

teother two methods. This is illustrated by the following tabulation of over-all mean values:

_________Sample

Method A B C D) E

ASTM D6(A 0.017 0004 0.015 0.019 0.078
ASTM D 974 0.021 0.004 0.019 0.023 0.092
Esso 0.014 0.001 0.012 0,015 0.06?,

terevious analysis of these same data (by a previous contractor) had indicated that these differences in values
froar. different test methods were highly sigr~iflcant. Such diffeeences should be taken into account ir, ýsstiblishing

specification limits. For ~.xample, ii the Ess method were used for specification purposes, the specifi,,3, on limit
shoulc be lower than it would be with either of the other two test methods.

If a choice among the three methods foi specification p~irposrs were based entirely on precision, the Esso
method wou~d be preferred. However, that maethod appears to be more citinbersorne than the other two methods.
since tke sample/solvent rnixtL're must be refluxed during the determination. Also, the mere tAct that it is a new
method, with different apparatus, would create certain problems during its introduction. Urnles3 the slightly better
precision if the Esso metiiod were judged to be essential. one of the ASTM methods would be a moie practicai
choice. between the two ASTM mnethods, there is little choice so far a-ý precision is concerned, at least within the
range of neutralization numbers up to 0.015 that is of present concern ofo specification purposes. The D 974
method is surprisingly good in repeatability, possibly because the. operaters within a singW lalboratory tend to arrive
at a common interpretation of end-point color change. Its reproducibility is relatively poor, especially in (tic higher

reilr of values.

One factor, unrelated to the data analysis, limits the general applirability of the data. The cooperative program
was tonduded with blends of one miaterial (nap~hdenic acids', at diftfrent concentration levels in a refiried fuel base
stock. 7thrvlftr, any conclusions from analysis of th*Le data muist refer solely to titia particular acidic material-, the
COAClutsiom% are "lot n'Cesaarily correct G.ur other materials. Within the gewral class of naphithenic acids that may he
found in ;'Ci fuels, there is enough tariation in 'nolecuiar weight and siructure that tI&* titration behavior in
ratarafaili.aion number deter natlencr must surely be affected. Othet acidic fuel con. iuets may be r xp~ ed ogi
an entirely different titration behevk4i. Precison W3dat eveloped on blesads of a singie acidic material cannot be,
presmed to be correct for all fuels, --.w even faa most fuels.

This is not asit easy problom to resolve. The ui.* of "p-racticaP' fuels tit a c ,oporvi"e progamn 4n this cast JP-4
tuesk, would enacounter diffkicity with timewice varfatioe4 ka the ~asples ufserueives, slact the averagc jet fuel
tepresents a costuantly chagig syustom. Newiftheim, wri che~k teas tshould be made on practicAl fuels to
dtwambnI whethas the precision drfhWine n the ciopmAtive programn ,ill W. IVAHUl k. tictua ume of, the me'htw
sekeced. It any prechsicn stodies invWlvin practical fuels stmi ct vtr'_4 of uarnple Wea"Sn and tesfirt: scwduet will

be es~nt'0



An altematvm approach would be to select several adic maters represefting different chemical dam and
molecular weihts, ad to check the test methods on blends of t v rmaterals in a refined base stock.

Neither of these approaches is 100 oxtisfactocy, ice thm is no parantee of cirn *e rar.ge of acid
compoWtons that will be encountered in prxtike. 149wom, either approach would put the precsilon data on a
firmer bitis than presently exists.
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SECTIONJ VI

OPTICAL TEE(MJE rOR CH4EMICAL ANALYSIS

hM: Phuse of t p'O•a'm is directed toward the irveOtiptiou of various optical ltecuiique. for possible
applieaon 4a wnlys of fuelW and lvbiimft. The tedhniques under consideration eitihsr have not been used
preAously in such applicstions, or have not toan fuily explor(,d. Primary consideration has been given Wo techniques
based on time Mef and far*a offects, fluorescence, imd phosphorescence.

SDungft th frst year of effort in thi~s PZUF~AM, theoretical aad experimental studlies have biven made of the
Kerr effect pham shift to determine its possibilities for use in chafacvedzing molecular size and su ucture. Tht Kerr

effect Is the a&iUropic optical behvior inducMe irA a normally isotropic sbstance by the application of an electric
field. When the *vtlc fici is altema.iag at a sfficiendy biso frequency, thee will be a time lag between the
applied potential and the observed optical beha',r, because f the ftute thin required for inoleculaf rectientatiun.
Such time lags or phase ifts% may be used av a measure of molecuilr inertia and, in the case of sjlutions, of'
interactiom: betwe.n solute4olsent molecuies.

In order to explore this technique, it was necessary to de.iWa and construct a breadboard device to measure
phase shifts between the applied field and the observed optical behavior at frequencies from 200 H7 to 100 kliz.
This device was then used to mesawue the ctitical frequencies of certain polymeric mokittles and Plso materiah that
are cnmnponentt of commercial eler lub'icct formalations A new specrometer has been designed to extend the
nwasurements to frequencies on the order of 1 M1Hz, so that a wider range of molecular sizes and struct urf, can be
explored.

In the meatime, equatioes dr¢cibi•g the Ken response curve of mixtures have oeen derived. Some num:erical
tests of the simple analysis procodures have been compaed with the resufts of these equations. and durv.vatve spectra
for representative mixtures have been obtained.

This work ih described in detail in a separate Te.chnical Report.(11)

Althouh the Keprreffect approach appears promsmg, it is obvious that much more exploratory work n, eds to
be performed before the technique can become gearally usef,'d at an a:,iy'icc' too'. Hence, f...her work on the
Kerr effect has been deferred in favor of an investigation of fluorescence and pl+osphnr!W;Cence s,•e,: .r, of fuel amd
lubricant vtiponets. The utaie of the art in fl&ores-ence and ptzosphoirweonce spectrometry is well advanced, and
applicatitt to specific probleme in fuel and lubctat anaiysis is a matter vf development rather than exploratory
researth.
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.4.

llr::llOl vi! i

TURBINE EAMJE IMMTR4METATION ANO CONTROL

This phase of the over-all program is concerned with the development and evalation of improw• itrwmenta-
tion for engine control.

Duiing the first year of this contract, effort has been coswentretd om d4oeein flow *on for
compressors, and particularly on developing and evaluatig vmproved sensors, A"-e w sedts to Me in this field
are described in a separate Technical Report.(1 2 )

The next ph-se in the contractual effort will be the application of -I* insruuntsfim t *9 IMbe ewap•ed
in actual control loops.

I
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SECTIOINI VIII

FIRE AND VWLOO DETSCTIO

The detection of fire and explosion in flight vehicles requires the development of sensors that will operate
reliably under environmental extremes. Test circuits have been designed and constructed for evaluation of sold-state
and ga type ultraviolet fire detectors, including many newly developed and contractor-developed items. Evaluations
are basod on spectral sensitivity analysis. High-intensity deuterium, mercury and quartz light sources are usAd to
nmasure the wavelength rage of the sensors.

The detecto-s have be evaluated at temperatures up to 500°F, measuring the frequency and sensor output
volage undr various test conditions. Test results, discussion, and comparison of the various detectors have been
presented in an infornml report (SwRI Letter Report No. 17, 29 J'anuary 70).

It is planned to continue the evaluation of detectors of both optical and electrical type, and further to carry
this throug*: to the design, construction, and evaluation of electronic prototype modules for fire detection
equipment.
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APPOWDI

2. E~OUIM8W'!MS

been Qulfcain The corrosion irihibitor furnished under this specification shasll be a praduct which has

bee tste, nd aspassed the qualifica'ion tssspecified herein, adhas been fisted on orapproved for ting o
the applicable qualified products list.

3.2 Materials. The composition of the finished corr osion inhibitor is not limited but is subject to review in
order to insure service compatibility with previously qualified produicts.

3.3 Sclubility. The maximum allowable concentration of corrosion inhibitor, as definied in 3.6, shall be
readily and completely soluble in all grades of automotive and aircraft engine fuels vonformirig to Specifications
VV-G-706, MIL-G-3056, and MIL-T-5624 when tested as specified in 4.6.1.

3A4 Compatibility. The c!rrosion inhibitor shall be completely compz~ibie with all zorrusion inhibitrs pre-
viously qualified under this specification when tested as ipecified in 4.6.2.

3.5 Relative effective concentration. The relative effective concentratison of corroson ihibibtor -formdutoo-
tive and aircraft engine fuels shall be determined in accordance with 4.6.3.

3.6 Maximum allow~ble concentration. The maximum Allowable concentrfation for use in autonlfliv and
airc-.aft engine fuels shall be the lowest concentration establithed by the following procedures:

(a) Twenty pounds of finished corrosion inhibitor per 1000 bbls of fuel.

(b) Four times the relative effective concentration in pounds of finishied corrosion inhibitor per 1000

bbks of fuel.

10 10pounds of finished corrosion inhibitor per 1000 bbls of fuel.
(Percent ash of corrosion inhibitor)

(d) The concentration, in pounds of finished corrosion inhibitor per 1000 bbis of Wue, which will give
a rninirnum Water Sepiartion Index Modified of 70J when determinied in accordanct. with 4 .6.4 .

The meaximum allowable concevnratton shall be equal to or preater than the relative effective comcmntratiur

3.7 Ash. The ash couttent oft the cufrrosion inhibitor shall be deternitned &I peiified in 4.65. Fi oeACxeptance
tests. the &Ah coiuttent shall not vary by maote th.in 15 percent fur those products how*m~ a qualificatmion fthw si of
0i 10 percent or gte~rer not by more than ±002 percent asth cootew l ot producs baying qieddlcaitir. test -.uium Wob
lImn D It) ecn

?I Pt'r pr~imt Tht pout point a' the finishd corrosion nihibiter Aibe VbF naxuinw when duwtinawemd
ýpeohfed in 4.tr' 6

Y .4WCEoft enpise *est4 T1e fmWdhd corroion ashibtat wban tainad at -oamaeaionu of fowr utow fth
relati".e effective concet"trjtion to a lep"twntatiwe Ot fuel raftnust Ut. raqwliwenmts Of spectficani 001-4-56~24.
Grade JP-4. shal ma ad *i affect the aocraft m"~n after 100 hours operation when teste as qcspced Mn 4.6 7



Any malfunction iij the operation of the engine attributable to the corrosion inhibitor shall be cause for rejec-
tion.

3.10 Identification test data. Vhe following properties of the f'iihed corrosion inhibitor will be determined
but not limited during qualification: specific gravity, viscosity, flash point, neutralization number, type of metallic
constituent, if present, and color (see 4.6.8 concernig test methods)- The supplier will be permitted to sect
individual property ranges to allow for imnufacturing tolerances. Tim rolp askactl4 shall not adversely affect any
of the ithibitor performance c'acteristics such as releive effective onaentation and Water Separation Index
Modified.

3.11 Workwnhhp. The fAnishe product in Woik or containnr "d1bae unifornwin appearance and viuualiv free
from Skit, undissofd water, or other adulteration. The material aball have no adverse effect on the health of
personnel whein used for its intended purpose. evidenc-, to this effect shall be subject to review by departmental
medicol Authority (iee 6.3).

A46 Test methods.

4A.1 &lublifry. The mufmm allowable concentration of corrosion inhibitor &hell be mixed with fuels
conforming to Specifications VV.G-76, MIG-3056, and MIL-T-5624. Immediately after nrkxing mud at the end of
24 hnur° *he samples shall be visally irapected for precipitation, cloudiness or other evidence of insolubility.

4.6.1 CoQtvfllbifity. Fuel contafnig the maximum allowable concentratimn of corrosion inhibitor shall be
mikW in eqltd proportions with fuel sampes containing the mvimum allowable concentration of ech cotwosion
inhW or pwmiously qualified under this specification. At the e"n of a 24 hour period, the samples-skull be visually

fin~etdedr posoitation, cloudiness, or other ovidence of nonrcompatibility.

4.6 .3 .X~ive effective concembtion The rtlafia effective concentration of the finished corrosion ihibitor
Sdetermined by testg the inldoitc" in the test fuel in increasing concentratioas of I(2 lb/1000 bbl

*cment (eg., 5 lb/100 bil, 5.5 lb/10(0; ool, 6 lb/lIG bbbl, etc.). No intermediate concentrations will be tested.
The Uet fel " conform to Spe-ifictioa flrS-735, Type I (isootawe) which has Won freshly depolarized a,
-folinos:

A titr sepatory (Squibb) futnel as filled with Silica Gel, (GAS Chromta'aphy Grade) to a height 20 cm.
above the stopook. Isooctane is passed through this column by grmviay. After one pallon hiss bwen treated, the Silica
Gel is discardedand the cohinu- repr*ed.

4.6.3.1 Taet nmw-or 71w imnta. J onsrations of co.miov *Wbior in depolarized isoactane shall be
tesd in accoitoc %it A•l'h Methd D 66g. Pricedure B, with the foll"Vig modificaions:

(a) Temp rrtaeof b Ath slA ibe 100 1fi.

(b) Trest dut..tai is tw. hurs

40) PrekmieaVY'pinpmrAtou of spiftdfs

(1) Rtunve alg rum -from apisd -with eithert -30Oor 24f0grit doriý.iit 110gri-is used finish with
W s.0 of "t WW stop "•moIt d n" Mb 1 itaiawy with cdoth. A with 240 gi"

(2) fIbU*b WWIn. wM h w Pice of :A Grit " t. ny"Cr Irmi d",e Usn & c POW
iaernl and uwiis y ksnaewm to a bekd of iWicte.

pr~ Phw. 350 OW of d"6o40ei4 *WON. wt the W#kCit4cweltta Ww w omf earmsia hbkkv
aMILe Ini 0 SOPMtce funkes witha 35 4 -w No passw or dw k*kAew hatbe

- "~ - ~ ' N!



used on the stopcock of the funnel. The mixture shall be shaken for I minute anid allowed toX
separate in layers. After removal of the water layer, 300 ml of the iscioctane layer shall be drained
ir~to the beaker and placed into the bath.

(e) Final polishing of spindles: Skeniove spindle from isooctane andI handle with piper towel. Fit it
Buna N gasket onto threaded section of spindle and place in polishing chuck. Start motor -and
lightfly pokh with a new piece of 240 grit cloth. Move 240 cloth rapidly along axis of spindle

Wipe specirnen with paper towel. immediutely attach to plastic holder and immerse intowhc walpoic rs-ac atr~o pni.So ~ tradrm v pnl r m cuk

t(f) After last spindle is placed in test beaker. let stand for a 10 minute static soak, then start stirrers
and dynanuca~ly soak for 2-0 nr-,nutes. Stop stirrer motor.I(g) Add 300 ml u 'sea water to the bottom of eachi sample beaker witii a hypodermic syringe.

(h) Start stirrer arid run for 5 hours.

(i) At 1ýnd of 5-hoir period remove spindles froin bath and wash v.'tli isoprop)yl 3lCOhol.

4.6,3.2 Interpietation -)ftesl. The selected cancentration ot corrosion inhibitof in isooctane shall be con-
sidered as puanig the test if less than six (6) ý!pots of rust less that- I millimeter in diameter occur on the center
1-7/8 inch section of the spindle. The minimumn concentration passing the test shall be called the relative effective
concentration.

4.6.4 Maximum allidts.lbe concenrral~n The n;.,3xinium L.onCentratiori of finished corr osion inhibitor which
will result iv. a Water Separation Index Miodified of not less than 70 shal be determined by testing the inhibitor in
;a;ýordance with Methiod 3256 of Federal Test Method Standard No. 7'1 I in a fluid cornposed. of 8517 (vol) Hayol
R-34 and 15% toluene (re.gen! jrade).

4.0.5 Ash. The percent asi of the cilrioswon inhibitot sh,1l be detcrmintcd using ASTM Medhwu D) 482 except
that a Vycor 'Crucible shall be u~ed.

4.6.6 Po*urpaint. Pour p-nvt shall te deterawned ni accordanice with AUSTMI Method 1) 9T7

4.b.7 Amirulqt etwiliv Icst tAarcatt er.pines, tvpieý atid model., quiditicd in 3ccordance wifli Spcroficslitnt
Nil L+ -5W, as specifittd b) thi! ictiv- resp.Aisttle foz qualifticAtion, ;hall be en Ioy-cd tor cnductiriy th., iest

4h'. st pr~wvdmre i"Dc teA erss.nies shall be ý-ub~ctrd to at ea~st l01) hoursý %~pcralioui, usinkr test
,oudtioivb ftcii i c ii te ttvii% rr-ýpxmslbh- fow qualficati.rn juang fuel ý-.ntwaiig four MICA~ [W rilsnftilit

e~feve .enratof O~ re fii tsheod C."f'j~itin 11ihitor

4 u ' L~rs~-rh~ aJ r ' rn lwiUr1lr (thc test, the nn Cpgim aU Lkw 4 dt&"sacibied tot lnaP*OJoni *3
rrquited hv "fhe kju'.~it ~ ~ ihi'ý!vmn

t~ ? Jd*'qaqp, r~;~ ,t~r'~r ~ishall oe isuiucttd mi Aoatuiwci c witl ftes mtethodpth r auwl'

.j%7t upon ht, !ti JLVu .t andtts NC acovity fexpormuhk It). quI1Ant-
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