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/ . FOREWORD

/

This reportyé prepared by Southwest Research institute, San Antonio, Texas. under Contract
F3361569-C-1231, The contract vas initiated under Project Nos. 3048 and 3066. The work was performed by
contractor's personnel using Air Force facilities at Wright-Patterson.AFB. The program was administered by the Fuyel
Branch of the Fuels, Lubrication and Hazards Division, Air Force Aero Propulsion Laboratory, Air Force Systems

Command, Wright-Patterson AFB, Ohio. The Air Force project engineer during the period reported was My. Gregory
W. Gandee (APFF),

This is a Technical Report covering the work performed under subject contract during the period from 2
December 1968 through 30 November 1$69. The report was submitted by the authors on | December 1969
Contractor's identifying numbers are Project No. 12-2497 and Repe:t No. RS-541.

Arthur V. Churchiil, Chief
Fue: Branch

Fuels, Lubricaiion and Hazards Division
Air Force Aero Propulsion Laboratory
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T Y I wwnn e g e

R R R e W




&if R Y T W

ABSTRACT

A brosd-scale program of research and development has been carried out on aerospace fuels and several related
areas. Studies on fuel stabiiity havc included the development, improvement, and evaluation of test equipment, as
. well as the use of this equiprrant in study ir = 2t-¢ effects of dissolved metals, fuel additives, and fuel-system materials
on the high-temperature stability of curre. . «. . 2 suced hydrocarbor fuels. A fuel iubricity simula:r rig has been
set up for operation. Fuel corsosion inhibitors have been studied in connection with a proposed revision 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 fueis and lubricants and for molecular characterization in general. Instrumen-
tation for turbine engine compressors has been developed, with particular emphasis on sensors. Ultraviole: detectors
have been developed and evalusted 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!

INTRODUCTION AND SUMMARY

1. GENERAL

For the past » zar. Southwest Research Institute has conducted a'broad-scale prugram of reseazch and develop-
ment on aerospace fiels and related areas. Thae work is being carried out by :SwRI personne!l in Air Force facilities at
Wright-Patterson AFB, supplemented in ceriain areas.of ithe program by technical guidance and consultation pro-
vided by staft members located at SwRI’s maj= facilities.in San Antonio, Texas.

The program includes a variety of long-term anidl short-term investigations. The long-term investigations are
descrived in detai: in this and other Technical Reports. The shori-term investigations are.described in detail only
when the results are of general interest or are pertinent to other aspects of the program.

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
Informaticn retrieval

2. FUEL RESEARCH AND DEVELCPMENT
a. Fuel Stability

Major effort has been devoted to -investigation of ‘the stability of advanced znd cwitent hydrocarbon
fuels at normal and elevated temperatures. This work has included studies of new.and improved test equipment and
prucedures. sffects of additives on fuel stability, compatibility .of fuels with fuel-system materiais, effecis of is-
solved metals on fuel stability, and miscellaneous evaluations cf fue! stability in support of other Air Force prozrame
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 .desirabiity of certain changes, which have bezn incor-
porated in two “nonstandard” test rigs used in this program. Two cthir rigshave 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 Juel thermal
stability. Meta! concentrations on the order of 100 to 500 parts per billion gave severe effects on the thermal
stability of high-quulity fuels. These dats indicate that lead and zinc devived from.commen types of synthetic rubber
may 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 antioxidanis on the
thermal stability of a hugh-quality fuel. This study indicated that commonly used emine-type antioxidants cause fuel
degradation at high temperatures, but phenolic antioxidants tt the-normal use concentrations have littie effect.

A Jet Fuel Thermal Oxication Tester (JFTOT), a new .device for measuring fuel stability at high
temperatures, has heen evaluated for applicability in studies .of high-quality fuel stability and degradaticn by
contaminants. Initiol operating =xperience with the apparatus thas becn generally good, and the apparatus has
definite advantages over earlier “modified cokers.” At the same time, there are some rather difficult problen's to be
overcome before the apparatus can be consider-d fully satisfactory for use in the type of development program in
which we are involved. The difficulties are concerned mostly ‘with the large number of tests required to define a

1



A A AP PN o~ it AT L s s . . . . - B

satistactory “breakp.int™ on some fuels. Several tasts are often necessary to establish z test temperature near the
breakpoint, since tests at much higher temperatures do no«¢ give valid breakpoint datz. There are also protlems to be
rasoived in the rating of tube deposit colors and in the interpretation cf filter plugging resuits.

b.  Fuel Lubricity

A fuel lubricity simulator, designred and constructed for the Air Force by a contractor under CRC
guidance, has been set up for operation, and proceduras have been developed. The apparatus was furnished without
drive system or instrumentation, and delays in procurement of compenents have prevaried full operability 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 revisior 5 MIL-I-25G1 7B, the specification for fuei corrosion inhibitors.
a problem had been encc uatered in poor repeatability of the rusting test used to establish the etfective concentra-
tions of the inhibitors. Several modifications of the test procedure have been explored in an attempt to ‘mprove the
repeatability, so fa1 without any nctable success. Apart from the problems with the test equipment and proceduie.
there also appear 1o be nroblems caused by partial insolubility of certain inhibitors in the test solvent, isoctarne.
Other work on corrosion inhibitors has been concerned with evaluation and adapration of analytical methods and
invesiigation of specific proviems from the field involving corrosion inhibitors.

d.  Fue! and Lubricant Analysis

Much of the Icng-term effort in chemical analysis has gone towaid development and improverrent of gas
chromatographic techriques for identification and aralysis of syn‘hetic lubricants. These techniques me very useful in
lubricanit identification and in following lubricant behavior during service, but thus far will not give s complete
resolution and identification cf all compornents present. Further effort in this area is being made on a continuous basis.
Gas chromatographic techniques have aiso been improved and devaloped in the anatysis of dissolved oxygen content of

-fuels. Here the problem has been partly one of sample handling, since the samples io be analyzed are from a simulator tig

focated away from the immediate 2rea of the analy:ical laboratory. Certain specific tests used for fuel inspection and
quality cortrol have been investigated as the need arose. Flash poinis were compared by two methods (o determine the
effects of fuel system icire nhibitor on the flash point of various fuels. Data from a cooperative program on
neutralization number of fuels were analyzed to determine the precision of the three metheds evaluated.

3. OPTICAL TECHNIQUES FOR CHEMICAL ANALYSIS

Theoretical and experimental studies of time iags in the Kerr effect have been made, and have demonstrated that
utilization of this phenomenon tor molecular charasterization holds considerable promise. Potential appiications n
lubricant analysis have been exploseq. The results and status of this work zre descitbed in detail in anuther report. A
preliminary study has beea stiied on the znplication of Buorescence and phosphorescence for similar uses.

4. TURBINE ENGINE INSTRUMENTATION ARD CONTROL

Effosts in this srea have been directed primarily toward the development and ¢valuation of compressor
instrumentation. particularly sensors. Results and status of this work are described in another report. Subsequent
steps in this program will invielve incorporation of thase mstruments irto control loops for evaluation.

5.  FiRE AND EXPLOSION DETECTION

Improved citraviolet detsctos have been evaluated for seusitivity and opersbility under extreme environmental
conditions. Detailed comparisans have been made of the yarnious types of sensors wathin thus general clasy

8. INFORMATION RETRIEVAL

Az a part of the cverall program, an exnting mformation reineval system has beer mantasaed, improvesd, and
axpanded. This system inciudey clissfied and unclsmified decurents us the ares of fudly, lubricanty, wad hazards
The documents asg Sty technical teports, but some journal articles zze included,
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SECTION 11
FUEL STABILITY

1. GENERAL

Major efforts have been directed toward solution of problems in the thermal and storage 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 fuei 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 eviluation of effects of materiais on fuel
thermal stability is hampered by excessive {esting requirements in terms of time and fuel, as well as by the lack of
any general agreement on validity of present test methods and the notably poor precision of many of the methods.
For these reasons, work on naterials compatibility during the first year of contra<tuai effort has been limited to
specific items of immediate interest, alorg 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 fue! antioxidants and certain coating materials
and elastomers on fuel thermal stability.

2.  GAS-DRIVE FUEL COKER STUDIES

a. Test Fuels

The fuels used in gas-drive coker testing were JP-7 fuels originally purchasad by the Air Force against
Propoted Specification MIL-T-38219 (USAF) dated December 1965. The original barches were designated 10 and
12, but these went through seversl operations before samples were taken for the gas-urive coker program reportad
herein. Batch 12 was an operatioral fuei containing fuel system icing inhibitor (FSII) and iubricity additive. Batch
10 contained no udditives except an antioxidant (2.6-di-tert-buty!-4-methylphenol). According ¢ data obtained
previously by the Air Force, Batch 12 had a gas-drive fucl coker breakpoint of about 675°F; for Batch 10, the
breakpoints were erratic, normally about §75°F with occasional values as low as 400°F.

Both fuels hal been used in various nondestructive tests, and the “‘used fuel” remaining from these tests
represented the startirg material for preparation of the treated fuel used in the gas-drive coker studies.

One fuel used in this program, designated :a this report as 12-U, consistc predominantly of Batch 12
fuel atier a pillow-tank storage test A sampie of this fuel was taken in two epoxy-lined drums and used in the
gas-drive coker program without further treatment

The bulk of the Batch 12 vuel from the piilow tank test was treated by the Aur Farce by means of one
pass through 1 commei.alsize clay-treating reciamation unit; during this freatment, it was commingled with
substartial amounts of Batch 10 previously in the unit. A 600gallon guantity of this commingled, treated fuel was
subsequently transferred by SwRIE to ar indoor alumnun: tank and subjected to fuither clay treatment by recir-
culating through a clav-camster filter. Extreme precautions were observed to avoid contamination; in particular, no

coppee-cloy fittings were used in the handling system, rigorous flushing procedures were followed to remove all

traces of previous fuels, and the treating system included an efficient filter for ramoval of particul="e matier.

A et e — B . — s . e = e s




This retreated fuel, designated 10-12-T, was heid ind2ors in the aluminum tank throughout this program.
The following test resuits were obtained on the 10-12-T fuel at various stages in its treatment:

Interfacial tension, FSII content,
WwsIM dynes/cm voi %
Before treatment 99 424 -
After treatment in reclamation unit (1 pass) 100 534 0.007
After subsequent clay treatment (4 passes) 99 53.7 " 0.010

TABLE 1. INSPECTION DATA ON CLAY- It can be seen that the reclamation treat-

TREATED JP-7 FUEL ment had a significant effect in bringing the inte1-
facial tension up to a high value, which was unaf-
fected by further clay treatment. The W3iM was high

! Specs* | Fuel 10-12.T ever before treatment. The FSII content of the
treated fuel was far lower than the working concen-
Distillation: I1BP, °F 375 Min 387 trations of 0.10-0.15%.
: 10%, °F 400 Min 402
20%, °F 402 Mint 406+ Limitec inspection test data were ob-
50%, °F 420 Min 420 tained on the tinal, treated 10-12-T; these are listed in
90%, °F 500 Max 455 Table 1. All test results fell within the specification
EP,°F 550 Max 494 limits.
Residue, % 1.5 Max 10
Loss, % 1.5 Max 10 When samples of the test fuels were taken
for gas-drive coker tests, they were drawr directly
Gravity, API/60°F 44-50 459 from the aluminum storage tank imo precleaned
15-gallon stainless steel containers (“‘Bain Marie™
Existent gum, mg/100m! | 5.0 Max 3.8 type) and held until the tests were completed. Any
blending operations that were required were also per-
Total potential residue, formed in these containers.
 16-hr, mg/100 ml 10.0 Max 38
b. Test Equipment and Procedures
Flash point (P-M), °F 150 Min 162
Water separometer, WSIM | 85 Min 100 (1) Equipment Configurations
*MIL-T-38219 (USAF), Dec 65, Turbine Fuel, Low Volatility. AlL gas-drive coker tests were run
1Coarected for ermergent stem. on four semiautomatic fuel cokers equipped with

modified test sections conforming to current CRC
reviuirements. Two of the cokers were equipped with
standard CRC flanged-pipe fue] : #servoirs; the other two were equipped with stainless steel oxygen bottles as fuel
reservoirs. In subsequent discussion, these are termed “standard” and “nonstandard” reservoirs, respectively.

Flow diagrams of the cclios are presenied in Figures 1-5. Figures 1 and 2 shows the flow
configurations of the twa cokers with nonstandard reservo-rs, before and after modifications made during the course
of this program. Figuses 3 and 4 snows the corbigurations of the two cokers with srandard CRC fuel reservoirs at the
=1t of this program; Figure § show: their configuraticn after rewcrk.

In the easly stages of the program, the nonstandard cokers were located in a separate laboratory
. operated by & different group of personnel. For purposes of subsequent discussion, we have identified the labora-
tories as No. | snd No. 2, both were tocated at Wight-Patterson AFB and operated by SwRI personnel.

The squipment identuif-cation, configurations, and Jucations ase listed in TaMe 2 for refevence.

4
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FIGURE 5. CONFIGURATION NO. 5, COKERS | AND 2

Cokers 1 and 2 in their original configurations (3 and 4) represeni their condition at the tme ¢
SwRI assumed responsibility for the orogram. As is evident from the flow diagrams, they had been modified rather )
drastically in the past, so that much of the plumbing no longer corresponded to normal coker configuration. The
‘plumbing was reworked compicteiy, to restore these two cokers to the standard Ceniiguration $, conforming in all
essential details to current CR requirements.

.Cokers S and 5 in their original form (Configuration 1) corresponded 1o the svster used in earlier
work by SwRI Y 1In the subsequeni modification to Configuration 2, the only significant change was removal of the
influen: in-une filter,

{2)  Gonersl Operating Procedures

All tests were rur for § Rours wath a fuel flow rate of 2.5 £ 0.1 Ib/hr. Coker warmup procedures
were standardized so that both preheater and filter warmup times were held between 15 and 20 minutes. Preheater

“Supencnpt numbers in parentheses refer to the List of References at the end of thia report.
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tubes were rated after test in both unwiped and TABLE .. GAS-DRIVE FUEL COKER
wiped condition, using the standard Tuberator. CONFIGURATIONS

Brezkpoint is defined as the lowest preheater fuel-out
temparature giving either an unwiped maximum pre- Coker | Fuel | Configuration no. | Location
heater color of 3 or higher, or a filter pressure drop of no. | reservoir ginal | Final | (lab no.)

2.0 in. Hg or more.*

i Std 3 b 2
The basic operating procedures, 2 Std 4 5 2
starting with ASTM D 1660, are further defined for 5&6 | Nomstd 1 2 1, then 2

the “CRC-gas-drive” cokers by the tentative proce-
dure circulated to the CRC Modified Coker Panel on 25 June 1969. For the tvio nonstandard cokers,
operating proceduies are given in Reference (1), with further modifications as descritsd subsequently.

The trisolvent used in this program coasisted of equal parts of tolucae, acetone, and is¢, sropanol
(99%). as specified in the current CRC gas-drive procedure. The acetone and isopronanol used in this program were

ACS reagent-grade materials; the toluene was technical-grade material confo..ning tc Federal Lpecification
TT-T-548c.

Preheater inner tubes were checked after each test to detect decreases in diameter, which generaily
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 to 0.625 in.; tubes
were discarded whenever the hot-end diameter had decreased below 0.615 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 procedure were made in all tests in this program, on a!l cokers.
These are described in the following paragraphs.

Gas-drive pressure was set at 25C psi rather than 2i0 psi. The latter, specified in the CRC
procedure to give a greater margin of safety beiow the reservoir design pressure, is inadequate to prevent botling of
most test fuels at the high temperatuies encountered in this test program. '

Filter temperature was limited to 700°F+, so that the 100°F differential beiween preheater and
filter temperatures was maintained only up to 600/700°F conditions. Subsequent steps up in temperature were
625/700, 650/700, 675/700, and 700/700°F . 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 useJ in this program, fuel degradation in the reservoir at ambient temperature is most
improtable.

(3)  Reservoir Cleaning and System Flushing

In the standard CRC procedure, reservoir cleaning is accomplished by removing the hzad and
cleaning the interior by buffing with nylon abrasive pads, followed by thorough rinsing with prefiliered selvents. The
nonstandard reservoir cannot be opened for cleaning, so reliance must be placed on fushing with solvents. Once a
new reservoir is cleaned thoroughly, it encounters nothing hut filtered solvents and fiitered test fuel, interior
contamination is weauml and should consist solely of traces of fuel gums that might precipitate from enstabue fuels
during their residence in the reservorr. We feel that simple rinsing with filtered solvents is entirely adequate, and that
mechanical cleaning can contribute new contaminants unless extreme precautions are taken. In this program, the

*The use of 2 in. Hg as the filter plugging breskpount criterion in gasdrive coler tests was established in work reported 1n 1964 by
SwRI(H Other laboratores have used 3 in. Hg as the cnterion.
$in some of the carlicr tests, filter temperature w1 lunsted to 6757
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standard reservoirs were mechanically clesned 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 from
the system, thorcugh rinsing is easy to accomplish.

Flushing fluids consisted of filtered trisolvent, followed by filtered test fuel; no extraneous hydro-
carbon fiushing 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 vannot be realized unless the pump is eliminated completely, but thus 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 opsration. With the nonstandard fuel reservoir,
gas-drive for trisolvent is convenient and no pump is used.

(4) Fuel Prefiltration and Aeration

With the standard fuel reservoirs, test fuvel is prefiltered through 0.45-micron membrane fiiters
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 js 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 pressute 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 usual
sequence applics only to these cokers in Configuration 2, after removal of the irfluzat 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 nonstaidard cokers in Configuration 1, test fuei was prefiltered
through Whatman No. 12 paper rather thau merabrane filt¢ rs. Checks on the two types of filtration were also run in
later tests.

: Aeration time was 20 minutes in all later texts (in line with CRC procedures). In some earlier tests
and in special investigations, aeration times of 5 and 30 minutes ware used.

(5} Orive Gas

Helium was used in early tests in the cokers with nonstandard reservoirs. Helium had been used in
the original work of SwRI in developing the gas-drive coker. The low solubility ef helium in hydrscarbons fin
comparison with that of nitrogen) ‘s an advantage in that displacement of dissolved oxygen during a test will be
minimized. Also, the complete ineriness of helium may offer some theoretical advantage over nitrogen. However,
nitrogen has been adopted in CRC studics because of the nonavislability of helium i other countnes In this
prugram, after making coinpara’ive studies of nitrogen and helium nitrogen was adopted for all subsequent tests

{6} Elimination of influent In-Line F:lter

In the early days of the standard fusl coker, an indine filter was adopted for use ahead of ale tes!
section This is a necessary . 1d desiabie item of fuel prefiltration procedures are less than adequate if fuel handling
introduces contaminants, or if the fuel coker flush.ng procedures leave contamunants 10 the system The m-hine filtors
give spproximately the sme fineress of filtration as that of the Whatman No. 12 pape: used for fuel prefittration
the standard coker test .




Our recent experience with in-ine filters has been poor. Several defective elements have been
encountered, and also a problem with fit of certain filter elements and hiousings. Some elemeats have been found to | I
be “plugged™ even when newly installed. It also appeared that the eiements could contribute contaminants to the g 3
fuel stream entering the test section. With proper control of cleaning, flushing, and filtration procedures, the use of >
an inine filter ahead of the test section is hardly justifiable. A brief investigation was .2ade of the possible role of
in-line filter elements in contributing to fuel contamis.ation.

Four new in-ine filter slements were soaked separately for 1 hour in 100 nil of trisolvent. In each
case, the trisolvent became yellow in about 10 minutes. On two of the filters, t! ¢ glue used to bond the paper to the
. metal end-caps swelled and oozed over the caps during the soak, but retracted upon drving. After the elements were
air-dried, the weight losses averaged 0.12 g (range 0.03-G.17 g) or about 2% of the total clement weight. When the
trisolveni soak liquid was diluted with about two parts of JP-7 fuel, visible amounts of solid material were
precipitated. :

Seven new inine filter elements were dried for 1.5 hours at 100°C, then soaked in JP-7 fuel for 24
hours at room temperature, then dried to constant weight at 150°C. Weight losses averaged 0.19 g (range 0.01-0.31
8), or about 3% of the original element weight. All of the soak fuels were dightly yellow, except one that was pale
purple. presumably from stamping ink on the clement. The weight loss values are subject to some question becsuse
of the severe post-test drying that was required.

According to all indications, the use of an indine filter ahead of the test seciion is undesirable,
since the elements are affected by both trisolvent and the test fuel. The influent inline filter was eliminated in
Configuration 2. In this configuration, the rotameter is located after the test section, so that the test fuel goes
direcily from the reservoir to the test section without any intermediate components, branch lines, or dead-end
connections that might interfere with flushing or contribute contaminants. At the same time, the revarsal of the
filtration-aeration procedure was instituted as described previously. We believe that this combination of equipment
and procedure, with closed r:servoir, laststep filtration, and no indine filter, is near optirnum for minimizing
contamination.

f (7} Qther Equipment Modifications

In the regular CRC configuration, the system pressure gage is located ahead of the test seciion but
after the influent in-line filter. Any pressure loss in the in-ine filter will result in a pressure gage reading lower than
the gas drive pressure. This becomes significant only in the case of certain defective fikier elements that have been
encountered. In the configurations with nonstandard reservoir, the pressure gage is located after the test
sectiori and effiuent indine filter; here, pressure losses ir the filters occur regularly and cavse large dis-
crepancies between the gage readings ard the actual gas drive pressure, sometimes as much as 25 pu dif-
ference. Under these conditions, the gage readings cannot be used to control the gasdrive pressure. Fur this
reason, in the firal version of the equipment with nonstandard reservoir (Configuration 2), the pressure zage on the
cyhinder gas regulator ss used Jor control of gas drive pressuse. The downstream pressurs gage then serves only as a.
check on filter plugging. '

Another minor modification of equipment on the cokers with nonstandard reservoir (Configurs
trons § and ) was the astallation of 2 manometer flushing line as indicated i the ligures. The 5 @ convenwence
tem, pernutting a thorough flush using mingmum quantities of fluds

{8) A Supply tor Aeration

Mention thould oc made of difficuities with contaminated air that were encountersd in early texfy
i “lab No 1.7 Becamse of an inadequate ait dner system, the air used 1n acratig fuc! samples apparently
contibhuted contaminants i many of the carly tests. As discissed subsequently, contaminated 2ir was found o be
tesponiuble for certain duagreements i results between the two laboratores in thes progam.
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(9) Pretsater Color Satings

Severai difficulties were encountered in culorrating the preheater tubes. Occasional cases of
wipsble deposits were encountered, aithou; ™ these are relztively uncommon in the gas-drive coker. in these cases,
wiping would generally lower the color rating. but occasionally a light-colored wipable deposit would overlsy a
darker, adgherent deposit. Both unwipsd and wiped ratings were recorded, but breakpoints were based on the
unwiped ratings. Peacock deposits gave trouble in many ratings, since it was cften difficult {o distinguish where the
peacock colors teft off and “legitimate™ deposit colors began. Peacocking, if cleaily identifiable a5 such, was ignored
in establishing the breakpoints. This spproach is in line with the generally held opinion that peacock-colored
depotits represent very thiin coatings, much thinner than deposits corresponding to the normal ASTM color codes.

The most serious protiem in color ratings was caused by the use of on over-age cior standard in
the early part of the program. This standard was it use in the laboratory at the time SwRI assumed : ~sponsibility for
the program, and the disxcrepaacy between standards did not come to light for some time. It was fuund in a CRC
cooperative program that the SwRI ratings were consistenily lower than those of other laboratories, and thie was
traced to the color standard. This over-age standard was definitely darker than newer standards, so that a prelieater
.ated No. 2 using the current standards would generally be rated No. 2 using the older color standard. For purposes
of d. a identification, it should be noted that the old color standard was used in rating ali tests run in “Lab No 2"
prier to 8 May 1969, Test results baied on the old color stzndard are identified as such in the tables of this repost.

¢.  Test Results and Discussion
(1) Preliminary Tests

Gas-drive coxer tzsts were run in Lab 1 on the “untreated™ JP-7 fuel designated fuel 12-U. These
results are summasized in Table 3. Tae indicated breakpoint in 2 series of 15 helium-drive tests was 400°F. Two
nitrogen-drive tests were ma ir. Lab 2 at this time (see Table 2) iudicating a breakpoint of 450°F. The breakpoint
was governed by preheater deposits in all cuses; no significant f Yier plugging was observed with test temperatures as
high as 550/650°F. The breakpoints of 400-45C°F were los ' than kad beea expected for a JP-7 fuel, but are
consistent with the previous handling history of the fuel.

(2} Heliuen vs Nitrogen Drive

Tests were run on the clay-treated JP-7 fuel (10-12-T) with helium and nitrogen drive; the results
are summarized in Table 4. The breakpoints, in all cases related to preheater deposits, were difficult to define
because of repeaiability problems in all except the fisst helium serics. The only difference ir test conditions among
the series was the use of 30-minute aeration in Series | (helium) and 3-mintte aeration in the other three series.
Differences in aeration time-shonid not be expectsd to cause majos variations it test results on thic particular fuel,
which had been exposed to air ihroughout its long history of handling and storage. The breakpoints obtained may be
su.nmarized as foilows:

Helium, 30-min seration $SO°F. sharp breakpoint

Helium, 3-min agration SOO°F, some: failures a1 450475°F
Nitrogen, 3-min aeration 475°F, one pass at SS0°F
Nusogen, 3.min seration 475°F, one failure a1 450°F

Ths higher breakpoint in the first helium serics cannot be expleined by any reasonable theory If
setation time were critical, cither becaus? of differences in depree of sawration or JdifTerences 'n cosntarunaut

contributions by the an, the longer aeraticn tine shouid give lower Lreakpeints, contracy to "he soival tesults e

zir supply used for serstwn at this lime waa cheraed by passing ais thoough a trap for 18 houts) o viuble
coutaminants were obtsined

. The two gas cylindors used in (hese tests weie sampled and checked by maws spectromeiry  The
helium thowed 20 impunites. The nitrogen showed very small amounts (helow 0.04%) of an unidentified matenal

10

R o e A e . e B - T - N et g % =t -~ - -

[ S,

- gt s b




S IR A XU o s

TABLE 2. GAS-DRIVE COKER TESTS

Tr nperatue coatel poor asd Sow oo Jaw (24D b
$Fhow tadn Bigh (161 By
*Rated with overage codor vl s

ON UNTREATED JP.7
Ped: 12-U
Ri H
Testtemp, { Tabe rating, AF Test | Coker Date
°F uawiped (wiped) ' {mo. | no.
] in. Hg
Lab 1, coker configuration 1, heltum drive
Paper filtrution, aeration 3 min
350/450 () 0.0 3] 5 [ 17Axe9
375/475 1 @) 9.2 & ] 28 Apr 19
400/500 3 (3) 0.0 1 5 {16ap®
490/500 2 Qr 00 48 5 ] H8AN 69
400/500 3 0 9.0 £3 5 25 Apr A9
425/328 2 0O 00 35 5 21 Apr &9
425/525 4 @ 0.0 71 S | BApre9
450/550% 3 W 00 21 5 | 7Aps9
4507850 4 (2 040 37 5 11 Apx 69
450/550 1 @ 20 ) 5 | 18Apc6d
450/550 A (4 09 | 5 | 2Ame
4758/57S 4 (4) N3 26 5 8 Api 69
475/575 4 (3) 040 as 5 7 A &)
500/6001 3 3 0.0 47 5 2 Apr 69
550/650 4 M 00 337 05 | 1Ape
2, coker configuration 3, nitropen drive

1'4imm fileration, geraiton 3 wdn

| 425525 peqe | oop |ssr| 1 | MAme
450/550 3 g oyes 0.8 s t BAM G

o - . | 4
| *Wiped sube darier thon unwiped.

ronformied o the cwiresnt UK

: 12 may be theorzed thy! mitvoge: wiii é&s@we s axypen from: 1 test fugd duning o roadency:
Is the presmurized owrrenk, jo comipa don with the cifect of Bpliir Tle ptrgin 8 conudensbly more soluble
Fuel thas i helium i there & sny faviugon i feservor pessre Surisg e (e, 55 may happen with large changes

g

RPN 2

with - cadecutar me‘:gﬁt of 3T The siroges. used in & nissogendrive tests repotted here any chiewhere in thes report
" reiglirementy. 99.5% pure od-Tree, susmmercatly svailable gesecis antragen of equal
or hetter qrality than Ssdersd m ifation BEN 4L, Type | Clas | Grade B
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TABLE 4. NITROGEN V8 HELIUM IN GAS-

DRIVE COKER TESTS
Fuel 16-12T
Lab 1, coker configuration !
| Tomt ':n. | Mm qu Tost [ Coleer | Date
1 ;q . Hg RE. no.
SOU/600 PR ] ' (7 62 ] 3 I May 69
- saspss 2 1@ l 00 | 13| s 8 May 69
528,528 1 1) 00 74 6 8 May 69
£30/650 4l 00 nl s 7 May 69
570650 4 (@ 05 nls 7 May 69
TS | 4 | e vo 60 | 5 | 30Apre9
Savigs U, twbium drive, 3-nin amution
450/550 313 .0 89 5 2 Jun 6%
450,550 ar 00 92| 6 3Jun 69
£75/57% 21 €0 % | 6 2 Jun 69
475/57% 2 {2 0.0 91 5 3June9
475/518 4 | (1 0.0 95 | 6 5 Jun 69
475575 2|1 ¢2) 0.0 9 s 6 Jun 69
$00/600 4 (@) 00 93| 6 4Jun 69
$00;600 312 co S 5 Jun 69
500,600 4 |3 00 97| 6 v Jun 69
528625 4| @ 00 8 | 6 | 29Maye9
5507650 4 (9 0o 88 | 3 ) Moy 40
Soriex I, mie., n drive, . ~tin sevation
4507550 ! 1 09 83| s 26 May 69
450/550 2 1) 00 84 | 6 | 26Mayen
£78/575 @ 0.0 8l $ 22 My 69
4751575 3 len 00 86 | 6 | 27Maye9
SO0;600 4 |4 00 80 ! 3 1 May 69
SO0/600 i) (4 00 82 | 6 | 2:Mayed
5004600 (3 00 8 | s 27 May 6%
525628 4 liq) 80 1l i6 May 9
$25/638 Jiin 00 7 [ 21 May o9
$23425 1 4 | (4) 00 ™ s 30 May 89
55006 50 212 e e it May o9 |
$30/630 4 a{m (1] n s 19 May 89
Svtee IV nitveigum drove, tmu-m_mi
s0/i50 o ) o0 | | t | S
450/5%0 2 {4 o0 1 19t | & | 10dmey
430329 1 {¢n a9 {1330 11 bua o9
430/550 1 ¢ 3] [{:3] [ i1 Jus 69
ars 1T yian e w !  Jun 69
s 1. e lie 00 I w0 | s ! jokaee |
L t 1 TR
“Lipmi tatn ot
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in ambient temperature or a poorly fap-tioning pressure
regulator, the nitrogen should strip more oxygen from
the fuel than weuld be stripped by helium. !f such strip-
ping should cccur, tests with nitrogen would presumably
be run at a lower average oxygen content of the fuel,
hence siould he milder.

The dsta do not support any such
hypothesis. So far as 1an be determined from the data
shown, test severity .ith nitrogen does not differ sig-
nificantly from that with helium. In view of the prob-
lems with repeatability, this must be regarded as a quali-
fied conclusion.

All subsequent tests in this program
were run with nitrogen drive.

(3) Effect of Prefilratio: Procedure

Three series of tests were run com-
paring gas-drive coke: results on Fuel 10-12-T using
alternate prefiltration procedures. One was the use of
Whatman No. 12 paper used with gravity-flow filtration,
as i the regular practice with the standard ASTM fuel
coker. The other wa the use of Y.45-micron membraiie
filters, as has been the usual practice with various modi-
fied fuel cokers. Improvement in appareni thermal
stabiiity ‘hat is caused by the use of the finer filtration
(membrane filters) has been demonstrated for many
fvels. The current studies were performed using
i+minute aeration and nitrogen drive, in two labora-
tories. The results of this study are listed in Table S

Comparing only the Lab 2 results. ut
will te poted that the tests with paper filtration gave a
very ciear<ut breakpoint at 65C°F. With membrane fil-
tration, the breakpoint was also 6S0°F, but ocuasional
failures were encountered ct 600-625°F. Tne lack of any
unprovernent by fine prefiltration picbably indicates
that the fuel was quise cizan whern taken for test, or that
any sohd conteminant particles were isrge enough that
either filter would remove tuem. Prewrmably, of particle
removal 18 not a entica! factor, the paper ffaation could
mmprove the apparent thermal stability by adwwption of
trace amounts of polar conteminants diswolved in thr
fuel. _ ,

The Lab 1 seanits gove (sding results 5t
600°F | 00 further iosts wese futi 31 lower 2ePs i tem:
peratire 1o define the bieskpomi. Tha ducepasun
bey veen the tewaiis of the two laboratones © disousd
further in the following secton.,
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8) Effactof AirSupply Contaminarits

Discrepancies in restiits between Lab 1 2nd
1ab 2 had become evident upon comparing the over-ail resuits
vn the trestad fuel 10-12-7. Eadier resutis in Lab 1 had

. indicated a breakpuint of wbout 475°F far this fue! (Tabie 4,
nitrogen drive), whereas the Lab 2 re.suits with idewtical pro-
cedure had indicatcd a breakpoir.. of 650°F (Tahie 5, paper
filtration). At this scone time, Lab | was obtaining faflures at

: 600°f.

Crosschecks between the laboraoriss were
run by exchsnging cleaned, assembled prehester sections, 1o
determine whether differences in this squipment or in the
sicaning procedures were affecting the test vesults. The dis-
crepancy between leboratories stifl exisied. After crows-
checking several other posiblk sources of the discrepancy. it
was determined that contasynation of th: air mupply used for
fuel aeration in Lab 1 was the primery source of ersor.

Earlier, the filtered air supply in 1.2b ! had
been checked quclitatively and found to be clesn. However,
after installation of a more efficient chemical drier and some
cleaniing of air lines and replumbing, test results in this labora-
tory fell into line. Also, a temporary reconversion to the old
air supply led agein to failing coker tests The following
sequence was observed in successive tests at 600/675°F:

. ’ Tube r.
| Siwiped (wped)
w.m mmprovad air supply, but lines not

yet cleared 4 (4
After cleanmng hines - nd {2)
‘ ‘ 2 )
2 2}
_ 2 )
Afier reconsirtag to old ystem 4 (3

~

3

Iterestingly, 1 the last tewt o the series

showen shove, o filier prossuse drop of 2.3 0 Hy was observed.

No sgadficant fiter piujanng had occuered m any of e poor
ledes

‘ These difficehies with 3k Comamunatun
have pannted mint the ot that the mflvent indine filier . which
was prosent Sunag all 1ets decussed thios far, o oot sdequate
thsurance agamnst $hee wort of oeourrence. Beiter ooetyol of oy
quality & obviousty seantmd However, any tyidom for filter
g and deying ar s wbect w mochansd bicakdown, and
docs nat apgear Skeh et 109K Sestenty of contaminsal-
free an will be achieved 1a mos practscal an mpply systons
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TABLE 5. PREFILTRATION PROCEDURES IN

For thrs rrawm o spgusey desirabie Lo feverse the wqoence of

GAS-DRIVE COKER TESTS
Fued 10-12-T
Aovgt’ m time 3 min
Nitropen drive
{ Totonp. | Tue Filor
7‘!‘? ‘ : AP, 1:! e
; in#g | ™
1 Leb 1, puper fiiatin
3 Jikers 3 ond 6 {Covygearation 1)
a1 1 1 [ o0 | 12| 36
1 s00i575 3 4% 00 | 12369
SO4STS & {(4) 00 i Bl
€75/6TS 4 1w 00 | 1o | 2ie
Lat 2, paper filtution
Cokert | ad 2 (Configamations 3 end 4}
450/550 (D DO | S8 35 69
AT51S 150 1 | 00 lswe| 3169
&00/675 2 {{2) 09 13 | 153)a 68
S0M6TS 1N [Ty 5615 [ Shules
| saovers vl | on |ses [ Bmie
600/675 1 M 00 5630 | 23 Jul 65
65/675 i 00 5616 | 16Jul 69
6251675 2 1M 00 628 | 269
625/675 1 ‘1) 00 5626 | 2lu 6y
630/675 2@ 00 $617 | 16Jul 69
6507675 1 i3 o 5619 | 1Thied
6S0/67S 3 {43) 00 5624 | 18 Jul 69
6504578 3 Y 00 S22 | 18 Jal 69
6757 | 4@ 00 | 5620 [ 173med
Lad 2. 0.€3wxievon fllnetron
Ckows | and 2 {Comfigamations 3 and 4!
#0675 3ty 00 (563 | 9iies
8004575 boh 08 | Se06 | 10iee9
L i 00 | %! ! 14laiew
8358784 ? a0 | 559 | Tiuev
615478 LR NS oo |3 | slese
AEN 2 s o a2 | lates
8737 LEERE 0p | Se0t 110 dei e
833675 T 40 [ vwoB | i1 iew
w25 MR 5] ‘0o | i uisd
(3% Yo' LN Ve 00 | Mell | idluted
s0En PR T G0 |18} Truiew
¥y ok Vo %W | siles
Poaruas s 90 [swm | Cliew
FN T S e Ju; ge ) S | hel
. ' J .
At & ielistre axte Ghis Wt ¢ Svames Ik canund o tant B Sbevie
# T welinstvs
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fuel handling before the test, so that it is firsi aerated and then filtered. This sequence was adopted for the two
“nonstandard’ cokers at thz iime they were modified ic Configuration 2, in which there is no influent in-line filter.

At this time, the nonstandard cokers were moved to iLab 2, and further tests were run on the
treated fuel 10-12-T. Results are listed in Table 6. Excellent repeatability and a breakpoint of 625°F are indicated
for tests run with both Configurations 1 and 2. Two of the tests were run some two months {ater than the others as a
check on maintenance of fuel quality during its storage in the indoor aluminum tank. It shiuld also be noted that
the breakpoint of 625°F obtained ir. these tests is in good agreement with the results obtained previously in twe
different cokers (Tatle 5, Lab 2, 0.45-mucron filtration, cokers 1 and 2), where the fuel was marginal at 625°F and
clearly unstable at 650°F.

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

The treated IP-7 fuel, 10-12-T, was used in further work on the effects of metal contaminants on
thermal stability.

(5) Auxiliary Analyscs

R

Samples were drawn for spectrophotometric analysis and limited inspection tests during certain
gas-drive coker tests, in an attemipt to detect cicnges in fuel pioperties that could be related to coker results. The i
effluent in-line filter element was removed for these tests, to minimize any improvement in fuel properties due to
Alisation after the thermal stressing. Also, the test lilter was bypassed dunng sampling in some cases. The coker tests i
involved were Nos. 94-97 (see Table 4, Series II), which w2re run with helium drive and paper prefiltratiun of the
test fuel, No piugging of the coker test filter was observed in any of these tests; the preheater tube rating: ranged
from 2to 4.

Light transmittance data were obtained in the visible (425 mu) and ultraviolet (295-297 mu)
regions. The test results, shown in Table 7, are expressed as peicent=ge decreases in transmittance on passing the fuel . A
through the coker. Very little change in visible-light transmittznce was observed. Ultraviolet transmittance decreased ;
some 14-27% on passing the fucl through the coker. The most valid comparison is given by Tests 96-97, in which the
coker test filier was bypassed during sampling. The uitraviolet transmittance decrease was more pronounced for the
“failing™ coker test which was run at the higher teraperature. It is also interesting to note the diminishing effect on 1
light transmittance s the coker test progressed. l

More data of this nature would be of interest in attempiing to relate preheater deposit behavior to
changes in the fueis themselves. Because of other, more urgent problercs in this program, no further work was done
along this line. .

Coker effluent samples from Tests 96 and 97 were subjected to limited inspection tests. No
significant changes (in comparison with base fuel properties) were found in gravity, flash point, o distillation, with
the exception of an unexplained decrease in the distihation end poinu

Base fuel ~ - - - - - 494F -
Teot 96 effluent - . . . . . . . .. JREF S/
Test 97 effluent . . . . . S IN3F .
The fullowing changes were observed in gum and acid contents
Base fuel Teat 96 Test 97 )
Exictent gum, g/ itlml IR 2.2 48
Potential gum, my/ 100 mi : R¥ 23 48
Oxidation precipitate, mg/ 10U ml 00 0.0 0.0
Neutraluzaikin number, mg KOH/g 1.003 0.006 0.006
4
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TABLE 6. BREAKPOINT RECHECKS ON TREATED JP-7 FUEL 8
Fuel 10-12-T "
Lab 2
Nitrogen drive E
. . Filter L
Test temp, Tube rating, Test | Coker | Config
°F unwiped](wiped) | AP, o, | no no.* Date
in, Hg ) ) ’
600/700% PAR (P20 0.0 133 5 -2 13 Aug 65
600/700 2 KIY) 0.0 134 6 2 13 Aug 69
600/700 2 ) 0.0 191 6 2 20 Oct 69
625/675 3+ (2 0.0 1320 6 1 4 Aug 69
| 625/700 4 @ 00 [131 | 5 2 | 12Aug69
625/700% 4+ |(44) 0.0 135 5 2 14 Aug 69
625/700 4 (4 0.0 136 6 2 14 Aug 69 ‘
650/675 a |an | 00 lig| s 1| 4aes 8
650/700 4 [(4) 0.0 132 6 g i2 Aug 69
$50/700 4+ |(44) 0.0 162 6 2 21 Oct 69
*Configuration 1 included influeni in-tine Tilter, Configuration 2 did not. With Configura- 3
tion 1, fuel was paper-filtered and then aerated 3 min. With Configuration 2, fuel was aerated 2
. 20 min and then filtered through 0.45-micron membrane filter. ol
tFlow rates too high (2.79-2.81 Ib/hr).

TABLE 7. LIGHT TRANSMITTANCE OF COKtR EFFLUENTS

Fuel coker test no.
<a 95 | 96 97
Test temperature, °F 500/600 [ 475/575 | 475/575 | 5C0/600

Tube rating, unwiped (wiped) | 3(2) 4(1) 2{2) 4(3)

Bypass line during sampling Closed Closed Open Oper:

Decrease in transmitiance at >3

428 my, o
150-min saraple | | 0 1
210 min sample 1 | U Y ke
:7’.‘4“111 <;unp!c } l 0 : :

Devrease in transmittance al
JO8.297 i, ¥ "

i SU-man sample 14 R ¢ 2
210-mun sanmipie i 20 ’ 20 24
270-min sample 14 15 [ 20
.J | |
*Light ramsmuttance teferred to that of filteted hax: fael frim ame voker test
L -
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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 i gum.

(6) Metal Contents of Effluents

Effluent fuel samples were drawn during 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 fuei” (filtered fuel sample prior to test) was generally metal-free withii
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 effiuent fuels showed significant increases over those of the base fuels in ali
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 pic'eup, the phenomencn is of no importance so far as
thermal stability results are concerned, since these componernts are downstreara from the test section. Another
possible source of copper pickup is the prehaater 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 (2 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 to the test fuels.

TABLE 8. TRACE METALS IN FUEL COKER

EFFLUENT SAMPLES
Fuel 10-12-T
Test and | Drive | Test temp, ‘Tube rating, Me1al content, ppb —‘
cokerno. | gas °F unwiped|(wiped) | Fe | Cu | Zn
Base fuel — <5 |<5 15 LS
85 (5) N, 500/600 4 1(3) <5 |12 |<5 3¢
86 (6) N, 475/575 3 (D S 110 |5 <5
Base fuel - SIS |5 |10t
89 (5) He 450/550 3 103 <51 6 (<5 |t12®
90 (0) He 475/575 2 1{2) <5 17t S
Base fuel - - IS s I<s*
91 (5) He 475/575 2 1(2) <S | 7 |<«s (12
9246) He 450/550 2 1(3) S 118 7 <5
: *Mean of swo demmimﬁons; agreement within +10% of mean.

d.  Precision Program -n Gas-Orive Coker

Privr to the gas-drive coker development work that has been discussed thus far, SwRi participated in the
CRC Phase ¥ Gas Drive Fuel Coker Precision Program. A total of 11 gas-drive coker tests were conducted on three
fools identified ar B (RAF-ITIX), F4RAF. 1A and G (AFFB-2P-64). {a coniunction with this program, these fuels
were ahwo tested in the CRC research coker.

All gasdrive cokes tests were conducted 1 accordance with the then<urrent “CRC Revised Test Pro-

cedure,” CRC Ref. No_ 9812.983, W G Dukek. Coker no. 1, in Configuration 3 (ser Figure 3) was used in runming
these tests. The SwRI results are listed 1n Table 9.
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TABLE 9. SwRI RESULTS IN CRC PRECISION PROGRAM

All gas-drive coker tests at 2.5 1b/hr in coker 1, Configuration 3
All research coker tests at 6.0 Ib/hr in coker 4, ambient reservoir

Unwip: 1 Filter
Tes:;cmp, tube ratin AP, ::“ Date
ter | ter 2 | in. Hg )
. Fuel E, gas-drive coker
475/575 0 [\ 00 5388 13 Feb'69
475575 0.5 I.5 00 5418 6 Mar 69
525/625 0.5 0.5 0.0 5389 | 14 Fev 69
575/675 1 0.5 00 5386 | 12Feb 69
575/675 0.5 0.5 6.0 5391 17 Feb 69
Fuel E, research coker
475/575 ] i 2.0 5390 14 Feb €9
475/57% 1 1 2.1 3396 19 Feb 69
504:/600 2 2 04 5398 20 Feb 69
525/625 2 i.5 0.1 3399 24 Feb 69
550/650 1.5 1.5 0.2 5402 | 25 Feb 69
575/675 1.5 2 0.1 5403 26 Feb 69
600/700 1 1.5 0.0 406 | 27 Feb 69
625/725 l 15 03 S407 | 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, gas-drive coker
S281625 0.5 2 0.0 539§ 1¢ Feb 69
5751875 1.8 2 0.0 5393 18 Febk 69
625/725 2.5 2 0.0 5397 20 Feb 69
Fuel F, research coker
550/650 0.5 0.5 Q.0 417 5 Ml{ &3
5751675 | 1.5 00 5423 7 Mar 69
§75/675 25 3 00 5424 | 10 Mar 69
575/675 1 1.5 0.U | 5442 1 18 Mar 69
60G; 700 3 3 00 419 6 er 69
Fuel G, gas-drive coker
$15/875 1.5 0.5 00 4400 4 Feboy -
6257725 1.5 2 0.0 S401 25 Feb 69
675/778 L} ) [FX¥) 5404 26 Feb 69
Fugl (5. ressarch coker
* 600/700 ] 2 2 Q0 | 5429 | 11 Mar &9
625/728 ts 2 0.3 5432 1. Mer oY
830i739 2 28 G S48 13 Mas 69
; 6S0750 | i GO | 440 | 1) Mee9
678/77S [ 4 4 o i 5438 | 14 Mar &9
AR tuls 1gied againnt over-agy cokar tiandaid.




Tube ratings showr 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 ccoperative program, for comparative
rating.

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

Expected, °F Actual, °F
Fuel E (RAF-179X-64) 475 ‘ >675
Fuel F (RAF-162-60) 525 575-600
Fuel G (AFFB-2P-64) 575 675

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

As a part of this program, three sets of 10 tudes each were shipped to SwRI for comparative rating.
These nave bheen 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 was 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 determired. Possibly the cciors have been affected by aging; if so, this should be a matter of
concern ‘or all users of color standards. I* is also possible that the original colors are in disagreement, i.e. that the
colors of newly produced standards kave not been held constart in manufacture.

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

At the same time, the outdated color standard was remcved from scrvice, and all subsequent coker
ratings in the over-all program reported here were based on current color standards.

3. EFFECT OF DISSOLVED METALS ON FUEL STABILITY
a. Background

In a previous study(?“), 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 czse 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 clearcut 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
subsequém section of this report. :
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All 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 l.ander(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(5). 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 per billion
Fe ) Zn i
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 teen
through a variety of handling 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 dnrived 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 10-12-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! naphthenates 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 concentrates
were then used to prepare test blends in the parts per billion (ppb) range by mixing with additional amounts of
10-12-T fuel. Test blends were generally 14 galions and were prepared in stainless steel containers. Samples were
taken from these blends in glass bottles and submitted to Monsanto for analysis for metal coatent. 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 ctage in the sample handling. It will Le 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 bottles. 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 lsad concentration of 487 ppb and then analyzed for lead
content, with the following results:

3 hy after blending |
22 hr after blending |

e e e e e .. 316,277 ppb
e e v o ... <S5ppb
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TABLE 10. METAL CONTEMTS OF NAPHTHEN A 1 ES AND FUEL CONCENTRATES

' t
Nominal Average ‘
Napthenate | corcentration, % metal found % "ts al
3 % metal me
' Z-1 (zinc) 8.0 8.34* 839t 843t 8.39
1-1 (iron) 6.0 595%*  586*¢ 591
C-1 (copper) 8.0 8.32tt 843+t 8311t 83711 8.36
L-1 (lead) 240 24.2%%¢ 2420 242 °
Metal-fuel conl::':::i:?ilon ppm metal found Average
concentrate ppm metal ' ppm metal
§-1 (zinc) 2000 2090ttt 2090ttt 2090
S-1I (lead) 250 24741t 247

*Organic material was destroyed with sulfuric-nitric acid. Metal was titrated at pH 10 with (ethylene-
dinitrilo) tetraacetatz (EDTA) using Eriochrome Black T as indicator.

{Two-phase titration with EDTA using Zincon as indicator and 1:1:1 isopropy! alcohol-benzene- .
water.

$Sample was dissolved in toluene and the metal jon was extracted with squeous acid and sub-
sequently titrated at pH 10 with EDTA.

**Organic matter was destroyed and iron was titrated at pH 3 with EDTA using salicylic acid as
the indicator.

t+Metal ion was titrated with EDTA at pH 4 using PAN indicator after destruction of organic
matter with sulfuric-mtric acids.

$tSample was dissolved in toluene and the metal ion was ertracted into aqueous acid and sub-
sequently titrated with EDTA using PAN indicator.

***Same as 1 1: Xylenot Orange indicator.

t1tExtraction of 50 ml of fuel with aqueous acid; metal ion was vitzated at pH 10 with EDTA.
$$$ Two-phase titration with EDTA in the presence of 1:1.1 isopropyl alcohol-water-fuel; Xylenol
Orange indicator at pH §.

TABLE 11. METAL CONTENTS OF FUEL-NAPHTHENATE TEST BLENDS

Pb Pb ZIn ;

Sa::)ple added, | found, Sa:;ple added, Zn found, ppb* t

’ ppb | ppb* ' prb §
10-12-T 0 8 10-12-7 015
M4 530 <&t {| M-I 6250 | 5280(5340.5210)
M481 530 18 b
M-6 530 44 -2 3000 | 2540(2570,2500)
M-8 530 9 M-3 3000 | 2710(2670,2750)
M-10 530 94 M-318% 3000 | 2980

M-S 3000 | 250

M-16 375 i M7 3000 | 182G(1800,1830)

: M-9 3000 | 2Y0(2480,22402220)
M-12 250 183
M-13 250 1} M-it 000 | 520 (545.490)

M-14 1000 | 730 (745,71%) )
M-15 125 61 »
. M-1? 500 | 190
i
"Single detwminition. of seermge if individeal valuer are shown i pereathewm
t Detrmination performed o0 dupiicia 20-md mnples, then rechecked by acother
snaiyst on 100-mi sampis. ot valwes <3 ppd.
tSecond wminple from man blend wewd.
*SRenalts vosvailebie at Lme of tag. New umpting procedure put into ofTect
for this and ater ramples
—
X
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Further data on similar blends have been reported by Monsanto(S ), comparing the effects of glass and
polyethylene storage vessels:

Lead content, ppb Recovery,
Taken Found %
Glass, fresh blend 542 396 n
Glass, after 22 hr 542 74 14
: Polyethylene, after 22 hr 419 286 ‘ 68

The effect of glass containers in depleting lead from naphther.ate 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 dithizonate and its subscquent extraction. Incidentatly,
these considerations do not upply to fuels contaminated with lead alkyls, eg., jet fuel contaminated with aviation
gasoline, since Monsanto has reported corsistent resuits (12 ppb) on jet fuels doped with 100 ppb lead in the form
of tetraethyllead and stored in glass.

The 14galion test biends 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 stainiess sieel containers, filtration equipment, and fuel coker
reservoir is a possibility, but the large volumes of fuel involved would tend to reduce the relative effects. This

. question has not yet been resolved, pending the development and checkout of suitable sample handling methods for
the lead analyses. Indirect evidence from the thermal stability tests themselves indicates that relztively large amounts
of lead do remain in the test blends. The lead and zinc corcentrations reported in the subscquent 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 nitric acid and rinsed with distilled water and rezgent-grade acetone.
A weighed amount of the test fuel blend, roughly equal to the aliquot required in the analysis, is poured into the
bottle. This sample is then analyzed, using nitric acid to effect a quar:itative transfer of all the lead from the sample
bottle. No results are yet available on samples handled in this manner.

< fas-Drive Coker Results on Metal Naphthenate Blends

Test results are summanzed in Table 12, As no-ed in the table, all of the tests were rua in cokers
S and 6, e, those with nonstandard fuel reservoirs. Som: of the s2rly test; were run with these cokers in
Configuration !, with the test procedure including paper filtration followed by 3-minute aeration. The
majority of the tests were run with the cokers in Configuration 2 (influent inline filter omitted), with the
test procedure ancluding 20-minute acration followed by 0.4 S-amucron filtration. The early results are somewhat
suspect hecause of air contamination difficulties, a3 disc issed previously . Nevertheless, the test results on
metal naphthenate blends showed little or no difference briween the earlrer tests and the later tests, and all
are grouped togeiher for discussion.

Peacockvulored deposits on the preheater tubis were observed i many of the tests and wete
geneally gnored m arnving at the maximum: preheater color ratings, in. view of the generally held opiawn
that such cohws represent very thin deposits. {n some cares. the peacocking was o extensive as to nterfere
with proper rating of the tubes
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TABLE 12. EFFECT OF METAL NAPHT*IENATES ON THERMAL
STABILITY OF CLAY-TREA1ED JP-7 FUEL
{
Fuel 10-12-.7
C.ors 5 and 6, nitrogen drive gas )
Configuration 2, Lab 2, except as noted ;
Aerated 20 min, then 0.45-micron filtered, excep: as not2d . !
. . |
Test temp, Tube rating, Filter mei. Test i
op unwiped (wiped) AP, dlend no Date i
in. Hy* no. ’ ‘ i
j
530 ppb added Pb
: ¢
250/350 1 0.i M4 1 117t | 14Jul69 ;
b
275/375 1 () 00 M4 | 119% [15Jul 69 :
275/375 1 1 00 M-10 { 161 |15Sep6S ‘
275/37S () 0.0 M-10 | 165 |178ep69 ;
300/400 2 D 149 M4 | 113% [105ul69 ~‘§
300/400 1) 8.7/270 | M4 | 115% |11 Jul 69 g
300/400 1) | 114 M 153 | 12Sep 59 \
300/400 1 Q) 4.1 M10 | 163 |i6Sep69
325/425 IR ¢ ) 17.9/240 | M-10 | 157 |11Sep 69 ;
250/450 2 @ 0.0 M6 1421 |20 Aug 9 !
350/450 1 (1) 20.0/170 | M-10 | 155 | 10Sep 69
375475 | 3 () 04 M$ | 153 | 9Sepe9 b
é
400/500 1 1) 038 M8 | 147%%| 3Sep69 v
400/500 | 4 (2) 0.0 M8 | 152 | 8Sep69 {i
425/525 1) 13.2 M2 15 5 Sep 69
450/550 1 () 26 M6 11371 115 Augeo
450/550 3 ) 0.0 M6 1401 |15 Aug 69 :
450/550 1) 12.1 M8 | 14% | 4Seps9 .
600/700 4 (4 0.9 M6 | 139% |18 Aug 69
] 375 ppb added Pt
2751375 Iy M 06 M-16 | 201 13100169
278/375 1 00 M6 | 205 | aNoven !
300 | 1 @) 72 - |Mie 1199 J300cte9
300/400 1 () 6.2 M1 | 203 | INov69
; — :
*Filter 2P 2t 300 min uabess otherwise indicatnd. .
tlab 1, Configuition |, pspee flitered, then serated ) min
tFlow rates too Bigh (1.6-1 9 Ib/he).
**Flow fain erratic.
2

R

e —————— - e e .




TABLE 12. EFFECT OF MET AL NAPHTHCNATES ON THERMAL
STABILITY OF CLAY-TREATED JP-7 FUEL (Cont’d)

Fuel 10-12-T
Cokers 5.and 6, nitrogen drive gas
. Lonfiguration 2, Lab 2, ex-ept as noted
Aevated 20 min, then 0.45-micron filtered, except a3 noted
. Test temp, |  Tube rating, F z‘,‘“ ‘l:“‘" Test Due
& . . . [
F unwiped (wiped) in.Hg* | 1o 1o,
375 ppb added Pt (coit d)
325/425 1 ) 10.4/230 | M-16 197 | W0ct69
350/450 1 (1) 11.0/161 | M-16 195 | 280ct 69
250 ppb added PY .
400/50G 1 1) 00 M1Z | 167 | 26Sep69
425/525 1 (1) 0.0 M-12 i68 | 29 3ep 69
%25/528 1 i) 0.3 M-13 177 70:t 69
450/550 44 () 0.0 M-12 166 | 255¢p 69
450/553 1 I 00 M-12 169 1Cct 69
. 450/550 4+ (44) 0.0 M-12 173 | 30cte9
450{530 t t) 0.0 M-13 i70 8 Oct 69
450/550 | ) 0.1 M-13 | 180 9 Oct 69
i i 300/800 T 3 (3) 00 M-12 | 171 20ct 69
500/600 4+ (44 00 M-13 181 10 Oct 69
125 ppk added Ph
-
450/550 ‘ 1 (1) L) M-15 187 15 0ct 69
450/550 1 (1 u.0 M-15 | 189 | 170ct 69
475/575 1 N 00 | M-15 193 21 Oct 69
5801600 4+  (3) N M-15 135 i50ct 69
500/600 4+ (44) 00 M-15 194 | 220ct &9
8250 ppb aaled £n
3sn/4so 3 (4) - 00 M- 105+ 1 25 un 6o
) 42582 1 4 (9 0.0 Ml | 104+ | 24June9
3000 pph adidted In
) 250/350 1 (D 09 M2 | 107t] 0june9
*Filter AP 31 200 win unlovs otherwiay idicated.
{ ttad 1, Configurstion §, papex filtered, then serated ¥ min.
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TABLE 12. EFFECT OF METAL NAPHTHENATES ON THERMAL
STABILITY OF CLAY-TREATED J?.7 FUEL (Cont’d)

Fuel 19-12-T
Cokers 5 and 6, nitrogen drive gas
Configuration 2, Lab 2, except 33 noted
Aemted 20 min, then 0.45-micron filtored, except as noted
Testtemp, | Tube ratiug, Ff;“ Foel | st D
® L]
F vawiped (viped) | " "‘“"m_ no.

3000 ppb added Zn {Cont d)
2751375 N ¢ ) I 00 M2 109t | 25169
300/400% 4 (2) 00 M-2 108+ 1 Jul 69
300/400 1 4} 00 M-2 it 3Jul 69
300/400 1 ) 0.0 M2 114+ | 10 Jul 69
300/400 1 W 00 | M7+« | 144 |29 Aug6S
300/400 1) 09 M9 | 158 |12Sep69
325/425 2 2 00 M-3 116% | 11 Jul 69
325/425 at (At 00 M3 | 1200 | 155w 69
3)5/425 4 ) 0.0 M5 | 143 |[20Auz 69
325/425 i 1) 0.0 M-7¢¢ | 145 2 Sep 69
325/425 1 ) 00 M-7*¢ | 146 3 Sep 69
325/425 4 0.0 M9 (156 |11Sep6&9
325/425 1 m 00 M9 160 15 Sep 69
325/425 2 @) 0.0 M9 | 162 |16Sepes
350/450 4 €] 00 M-2 106% | 27 Jun 69
350/450 33 0.0 M3 | 119, | 14Jul69
350/450 3 (4) 08 M-S 141 19 Aug 69
350/450 2 2) 00 M-7** | 148 4 Sep 69
350/450 3 3) ce M9 154 10 Sep 69
350/450 4+ (49) 0.0 M9 | 164 |17Sep69
400/500 4 (@) 0.0 M-7%¢ | 150 | SSep69
450/550 4 {4 00 M-5 138 18 Aug 69

1000 ppb added Zn
300/400 I §)) 0.0 M1l {175 | 60169
325/428 ) 00 M1l | 176 | 10aes
285/428 1§ {2) a0 M-14 182 100t 69

*Fidtar AP at 300 més vwiorns Gthe wins indicated.

that 1, Configurstion |, peper fiieved. then sernind * men.

$Prshantar teng vaince ocdol w WE™H during warinp

% Anelysin for rinc indicat 38 only 1900 ppb _

*¢ Howwy pencocking and uswinal coloes made rating difficatt.
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TABLE 12. EFFBCT OF METAL NAPHTHENATES ON THERMAL
STABILITY OF CLAY-TREATED JP-7 FUEL (Cont'd)

Fuel 10-12-T
Lokers 5 and 6, nitrogen drive gas
Configuration 2, Lab 2, except as noted
Aergted 20 min, then (. 45-micron fiiiered. except as noted
Testtemp, | Tuberating, | ‘o | Fud | oo
°F uawiped (wived) | AP, blend a0 Date
- in. Hg* no. ) :
350/450 s (44) 0.0 M1l | 174 | 30ct69
350/450 1 48 1 0.0 | M-11 178 8 Oct 69
350/450 1 )] 00 M-14 183 130ct 9
350/450 1 1) 00 M-14 | 186 | 150ct 9
375/475 4 (4) 20.0/187 | M-l4 182 | 160ct 6°

375/475 44+ (44) 200/121 ¢ M-14 1 190 | 170ct 69

400/500 4+  (44) 15.5/80 1 M-il 172 20ct 69
400/500 4+ (44 200/72 | M-14 | 184 ! 140ct 69

450/550 4+ @) | oo M-11 | 170 | 1069
500 ppb added Zn

325,425 1 Q) 00 M-17 | 198 | 290ct 69
. 325/42¢ 1 Q) 0.0 M17 | 202 | 310ct69

325/425 1 Q) 0.0 M17 | 206 | 4Noved

350/450 1 {3) 20/75 | M-17 | 200 | 300cté6n |

350/450 1 () 105/75 | M-i7 | 208 | 3Now 69

3751475 | 4 (&) | 193/60 [ M17 | 196 | 280ct 69

|

*Filter A™ at 30v min unioss otherwise indicated.

The breakpoints of the varsus metai naphthenate blends are somsnatized beiow

&
3

Metal sdded, Beeakpoan:,
' ppb °F Rernarks
None 625 (tube)
13 P SO0 ftube)
2% ™ 500 {tube) Results errstic st 450°F
37 P 300 (fiter) Ne tube faduces up 1o 350°F
S0 M 300 {Bibter) Occaxonal tube fuidures shove 375°F
N Ia T 180 {fiten) Tube fsilure 0t 375°F
100G In 307 frohe) Fiver e plagged ot 175°F
W In : 350 Gudw) Rosults ervatac at A28°F
6780 In X80 {tubel Only ‘wo tests run
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Both the lead and zinc gave very drastic reductions in breakpoint, amounting to about 125°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 were tested. Filter plugging was the mode of failure at the higher lead concentrations and at the lower zinc
soncentrations, i.e., in the range of 375-1000 ppb of added metal. The data ca the lead-contaminated fuels showed a
generul trend toward lower breakpoirts as the added-lead concentration was increased. For the zinc-contaminated
fuels (all at reiatively high added-zinc concentratior:s), breakpoints were ail so low that 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 program(z), which are surnmarized in Table 13. In that program, JP-7 fuel was stored with
various elastomers and other materials. Boih lead and zinc were extracted from the eiastomers by the fuel, and, since
both metals were presen:, no assessment could bz 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 kept in mind that the chemical form of the metals in the earlier tests is unknown, and also
that the reported metal contents in the carlier tests are the results of analyses that may have been influenced by
losses of metal in sample containers.

TABLE 13. SUMMARY OF ELASTOMER/FUEL COMPATIRILITY TEST
RESULTS FROM PREV.CUS PROGRAM(2)

e,

| Metai content,
Fuel storage ppb Breakpoint, °F
Pb Zn
Original JP-7 10 625675+ (tube)
Hose liner A, 16 weeks 528 270C 375 (tube)
52 weeks 33 2250 350 (filter)
Hose liner B. 16 weeks 232 4600 400 (:ube and filter)
52 weeks 34 1570 400 (tube and filter)
Gaskets, } 6 weeks 240 690U 450 (tube)
52 weeks 98 5900 350 {tube)

Fiom a coaparison of the results of the two programs, it is obous that either lead or zinc, at the
concentzations found in the storage program, could be entirely responsible for the observed degradation in thermal
stadility; c e, it is not necessary to postalaic the presence of other extractable contaminants. The metals in the
stored fuels may we!l have been present in the form of salts of organic acids,. which would be expected 10
behave Like the naphthenates in the wter program with regard 1o thermal stability and metal losses n sample
handliog,

Thus, the later program hus confitmed the usclulness of metad-content deta a3 an indicator of fuel
degradution, hut it has failed to provade any quantitatwe corcelation. Exact correlations are haghly improbable with
thr curread ctere of the art = thermal stabiditsy testing. However, it is quite clear from the data reporied here that o
Yittde as 125 ppb lead or 300 ppb rinc, dussulved i tne Tuel a5 2 metal salt, can cguse 3 venous degradation w the
thermal sability of .7 fuel.

Fu:thet wo{k w this areq that will be of interest includes (a5 establishung minimuni concentrations o
metalt Yor deteciable effects on thenmal stabidity, (b} detzrmining whether the chemical state of the metal in the fuel
bas oy influenc on thermal ~tabihity behavior, and (<) extendng the work to other metods, particularly copper and
ran Any d=toled invest.gation of thase questions will require verification of techmiques i wempling and transfernng

KJ
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for analysis, as well as some means of determining thermal stability that is less cumbersorne than the gas-drive coker

breakpoints and at least as reliable.

4. EFFECT OF COATINGS ON THERMAL STABILITY

A limited investigation wzx. conducted to determine the effects of certain fuel-tank interior coatings on
thermel stability. Similar studies had been conducted on other coatings by a previous contractor. The results

reported here are limited to those obtained by SwR!.
The coatings investigated aie identified by type only, as follows:

Inorganic zinc
Inorganic zinc
Epoxy
Epoxy
Epoxy
Epoxy

mmOoON®m>

Panels coated with A, B, and C (one each) were received from the coaiing manufacturer and subjectzd to soak
tests in additive-free JP-7 fuel. The panel size was 2 X 6 X 1/16 in., and the fue} volume was 875 mi, giving an

areafvolume ratio of 108 in?/gal. Each panel was

completely immersed in fuel in an individual glass jar, TABLE 14. MICRO FUEL COKER RESULTS ON JP-7
loosely capped. After storing for 14 days at i30 £ . FUEL FROM SOAK TESTS ON COATINGS

5°F, the coated panels were removed and (xamined
visually. No softening, blistering, peeliry, lack of

adhesion, or gross change in appearance was detecied.
Thermal stability of the soak fuels was compared

with that of a control fuel (parallel test with no
coated specimen} and the original, pre-tust fuel. A {Pre-test fuel
“Micro Fuel Coker” was used in the thermral stability
evaluations because of the limit~i amounts of test
fuel. Test results are listed in Table 14.

These data indicate marginal thermal stability |Control sample
for the original fuel at a tube temperature of
650°F. Exposure to the coatings had no measur- |Soakea, coating A
able effect on the thermal stadility in this test |Soaked, costing B
apparatus. Poor repeatability of resilts is evident |Soaked, coating C

Temperature, °F Tube
Fuel-out Tube |. rating
383 675 3

375 650 1.
375 650 k)
375 650 2
375 650 2+
375 650 2
375 650 i
378 65¢ 2

L.

in the three replicate tests at */5/650 on the

original fuel. The tube catings probably are biased downwasd: ie., the true raiings may be higher because of the use
of an outdated color standard as discussed i1 ectior: -2, However, this bias will be consistent, so that the rank of

the ratings will remain uncharged.

Thiee other coatings, D, E, and F, were checked for effect on fuel by procedures generally similzr to- those

specified 1n MIL-STD-1 262

For the JP-7 souk iest, two coated panels were immersed i {0 gattons of test fuel, giving an area/volume retio
of SO in?/gal. For each coating tested, two such asembhes were prepared, aiong with a contre] assembly contaming
test fuel but no panel: The smemblies were stored for 35 days at 70-90°F, after which the fugls wets
removed znd checked fur thermal stabidity as measured by the gas-drive voker. Test results are summarized in
Table 15, Breakpoints of 675°F with ‘ube ratiags of 3 were observed in ail cases, except for two peases at
675°F that were obswerved with the Code D coated panels. Mo filter plugging cocurred in any of the tests.
Neither coating cuused any loss of thermal stability. the dight apparent gaia registered by coating D 5 st

swrmficany
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TABLE 15. EFFECT OF COATINGS ON FUEL THERMAL STABILITY

JP-7 fuel, stored per MIL-STD-1262
Cokers 1 and 2, Configurations 3 and 4
Nitrogen drive
Fuel fiitered 0.45-micron, aerated 3 min

Test temp, | Tub: rating®, Filter | Storage | Coker Coker
°F unwiped (wiped) AP, | sample | test no Date
in. Hg no. no. ’
Control fuel (stored without panels)
650/675 2 1) 0.0 5408 2 28 Feb 69
6751675 3 3) 0.0 5405 2 27 Feb 69
§75/675 3G 0.0 - 5410 2 3 Mar 69
Fuel stored with Code F coared panels
650/675 1) 00 -1 5412 1 4 Mar 69
650/675 2 1) 0.0 1-2 5416 2 5 Mar 69
675/675 I 3 C.0 1-1 5409 1 3 Mar 69
675/675 3 Q) 0.0 I+ 5413 2 4 Mar 69
675/675 3 3 0.0 I- 5415 1 5 Mar 69
675/075 3 () 0.0 1-2 5420 2 6 Mar 69
Control fuel (stored withouy panels)
650/675 i (b 0.0 - 5472 2 9 Apr 69
6751675 3 (03) 0.0 - 5470 2 8 Apr 69
Fuet stored with Code D coated panels
650/675 I (D 0.0 E-2 5482 2 15 Apr 69
67516735 1 () 00 E-1 5473 2 10 Apr 69
675/675 o) 0.0 E-2 5476 2 11 Apr 69
675/675 313 0.0 k2 5479 2 14 Apr 6%
*Al tybes were rated using an outdated color standard (e Section H-2). Ratings listed may
be slightly lower than tue ratings.

Coatings D, E, and F were checked in 2gallon exposure tests with JP-4 and JP-S fuels. Ins, ‘ction tests
or, the fuels were run by another laburatory, and the rewits were tumed over to the Prepulsion Laboratory
for use in thei- over-all program of tank coating evaluation.

8. EFFECT OF FUEL ADDITIVES ON THERMAL STARILITY
3. Effact of Antioxidants on JP-7 Thermal Stability

The antioxidants specified for optional use in JP-7 fuel are zssentially the tame materials as those
peamitted in JP4 and JP-S fuels. These dre additives umilar to “gum inhibitors” in gasolines, they are essentially
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low-temperature antioxidants an¢' are nc: intended to improve thermal stability. With highly refin-d, thex mally
stable fuels such as JP-7. the question ha: arisen whether any of the allowable antioxidants might actually degrade
the fuel's thermal stabilitv. A brief study of this question has been carried out.

The following ant:oxidam: are listed in the JP-7 specification, MIL-T-38219 (USAF)Proposed) dated
December 1965: :

(1) 2,6-Di-tert-tutyl-4-methyiphenol
(2) N,N'Disec-butyl-p-phenylenediamine
. (3) 2,4-Dimethyl-6-tert-butylphenol
{4) 2,6-Di-tert-butylphenol «
(5) Mixed tert-butylphenols consisting of
75% 2,6-di-tert-butylphenol
10-15% 2,4 ,6-tri-tert-butylphenol
10-15% 2-tert-buty!phenol
(6) N,N'-Diisopropyl-p-phenylenediamine

These are essentially the same antioxidants listed for JP4 and JP-5 fuels in MIL-T-5624G Amend-1,
except that the mixed-phenol product, antioxidant, no. 5, is described as 75% minimum 2,6-di-tert-butyipheno’ and
25% maximum mono- and tri-tert-buty'phenols. Also listed in MIL-T-5624G Amend-1 is a mixed-phenol product
consisting of 72% minimum 2,4-dimethyl-6-tert-butylphenol and 28% maximum mono-.and dimethyl-tert-
butylphenols; this mixed-phenol product does aot appear in MIL-T-38219 and was not included in the work
reported here. ~

In the proposed JP-7 specification, the use of these antio~idants is permitted, separately or in combina-
tion, in total concentration 20t to exceed 8.4 1b/Mbhi {24 mg/liter). Antioxidant concentrations are expressed as
active ingredient, excluding solvent or diluent in the materiai as purchased. The specification also permits the use of
a metal deactivator in amounts not exceeding 2 Ib/Mbtl (5.8 mg/liter). The specification requires the use of
0.10-0.15% (vol) of fuel system icing inhibitor conforming to MIL-1-27686. Not listed in the present specification,
- but normally added to the fuel, is 200 ppm (wtj of PWA-£36 lubuicity additive. ’

. The base fuel used in the work reported here was the same mixture that was used in the gas-drive coker
studies (Section 1I-2), consisting of Air Force Batch 10 and i2 materiai that had been used in various tests, then
treated in a commercial clay-bed reciamation unit. Here, however, the extra clay tr2atment in the laboratory was
omitted. Residual concentrations of antioxidant and lubricity additive in this fuel are unknown; the FSII conceaira-
tion was checked aund found to be below 0.01%. This fuel was blended in the Laboratory with 0.10% (vol) FSl1 and
200 ppm (wt) lubricity additive PWA-536.

Commercial samples of the six approved antioxidants were obtained from: iwo of the major suppliers.
Fach was added to the base blend at the maximum allowable concentration of 8.4 1bj.'bbf and then evaluated in
nitrogen-dnive coker tests at 600/675"F . Test results are summarized in Table 16.

In the main series of iests, run at 600/675°F, the base blend and three of the antioxidant blends gave
satisfactorily nw tube ratings. Two oi the antioxidants (nos. 2 and 6) gave cxtremely severe failures, and one
antioxidant {no. 4) gave a falling tube based on the unwiped rating. A recheck on antioxidars no. 4 indicated
margingl performance, again with wipable deposits.

These tests indicate thal the two amune antioxadants can degrade the thermal stability of JP-7. This was
not unexpected, snce a similag effoct had been reporied i un earlier program(l). 1 those studies, one of tae two
approved amine antioxidants hed caused breakpoint decressss of as much as 125°F when used st the relatively high
copcentration of 30 1h/Mbbl. It caused severe filter plugging in the lower temperature ranges, and severe preheater
deposits at higher temperatures. It appears that amine antioxdants of this type suffer thernal breakdown at
temperatures on the order of $00-45C°F.

9
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TABLE 16. EFFECT OF ANTIOXIDANTS ON Of the phenolic antioxidants
THERMAL STABILITY OF JP-7 FUEL tested in the current program, only the
2,6-di-tert-butylphenol showed any evidence
Base blend 0.10% (vol) FSII, 200 ppm (wt) PWA-536 of degrading the fuel’s thermal stability, and
Antioxidant concentration, 8.4 Ib/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, 600/675°F The test ternperature conditions
of 600/675°F were sclected as a reasonable
Tube rating Fi approximation of present and projected
. , ilter AP, ) L . ;
(unwiped/wiped) in. Hg specification requirements. Th: published
Series 1 | Series 2 ’ draft of the proposed specification calls for a
CRC Modified Standard Coker {(aow obso-
Base fuel (no additives) - 1/1* lete) with a 3-hour prestress at 300°F and a
coker test at 600/600°F. More recent 1evi-
Base blend (FSII, PWA-536) 1/1 1/1 sions have included a research coker test at
300/500/600°F. In wny case, if JP-7 fuel is
Base blend + antioxidant: to be tested at temperatures on the order of
No. 1 i - Zeroin 600°F, amine antioxidants 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+/1 b.  Effect of Lubricity Additive on
No.§ i JP-7 Thermal Gtability
No. 6 4+j4+ -
Twe series of tests were run in
*The base fuel was also checked in a test at 675/675°F, giving a tube the CRC research coker to ectablish break-
rating of 2+/2. points on AFFB-11-68, a JP-7 base fuel

(additive-free) used in the wing tank simu-
lator rig progran. At the same time, breakpoints were established on this fuel containing 200 ppm (wt) of PWA-536
lubricity additiv:. Test vesults are summarized in Table 17. The additive had no significant effect on fuel break-
points, which were obtained at preheater fuel-out temperatures of approximately 650, 675, and 575-600°F with
reservoir at ambient temperatare, 200°F, and 300°F, respectively. All breakpoints were defin=d in terms of pre-
heater tube deposits, since no significaat plugging of the filter occurred in any of the tests.

€. MISCELLANEQUS THERMAL STABILITY EVALUATICNS
a.  Coker Tesis or: Various Fuels

Extensive thermal stability testing has besn conducted in support of Air Force in-house and contractua
research programs. Test results on various fuels in standard, research, and gas-drive fuel cokers are semmarized i
Table 18.

Mozt of this work was perfoimed to establish thermat stability bredkpoint ratings on the fueis. As can be
seun from the data, it i difficult oc impossible 1o establish unambiguous breakpoints in some cases because of
erratic, nonrepeatabie results. Certain fuely appear 1o offer more problems than others. For example, when testing
AFFB-10-67 in the research. coker with reservoir at ambient temperature, consisteatly faling preheater tube ratings
were observed m tesis al 425°F preheater fuel-out temperature, but occasional passes occurisd at 450 and 4757F
When testizg the same fuel in the research coker with reservoir 2t JOO'F, tube ratings of 3 or higher were oblamned af
425.450°F, bu in all cases the deposits were wipable: this suggests that pump wear debris had contributed sigmft:
castly to the wiwaped ratings. An example of poor repeatability of the gas-drive coker can be noted in the tests o
the AFFB-10A-67, where random, severe failures in tude rating were observed in tests at $50-575°F preheater
fusl-out teniperature, Lot consistent failures were not obtained even at 650°F. Even after the gas-drive cokers vrere
fully mrdificd to conform to current CRC requireinents (Configuration §), consideiable variability in preheater
deposits was nbsecved in teats on AFFB-11.68 at 700/700°F. where the unwiped preheater ratings included seven at
2ot 2% one at 34, and two st 4 or 44,
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Improvement of the reliability of
fuel coker results in general has been the goal of
much work in recent years. It appears probable
that the standard coker cannot be improved
much beyond its present status, and scme of
the same problems encountered with the
standard coker are also present with the re-
search and gas-drive cokers. At this time, ii is
still an open question whether some of the new
approaches to thermal stability testing will
result in & reliable method of rating fuels. In the
meantime, it appears desirable to continue
work or improving the gas-drive coker.

b. Thermal Stability of TS/JP-4 Mix-
tures

“Thermally stable” (TS} fuel is
defined by Proposed Specification MIL-T-
25524B (USAF). It is essentially a kerosine
with oetter-than-average thermal stability. The
specification requires the fuel to pass a
star Jard-coker test at 450/550°F. In piactice,
fuel identified as *“TS™ may exceed this require-
ment by a considerable margin, possibly be-
cause of additional tnermal stxbility require-
ments imposed at the time of procitrement.

Since TS fuel may be contaminated
or intermixed with JP-4 fuel during use i
the field, the effect of JP4 on the thermal
stability of TS fuel is of considsrable
interest. Several series of breakpoint tesis
have been run on such mixtures. The TS
fuel used in this work was identified as

TABLE 17. EFFECT OF LUBRICITY ADDITIVE ON

JP-7 THERMAL STABILITY

Test fuel AFFB-11-68 (JP-7 without additives)
Test additive FC-708 lubricity additive, 200 ppm (wt)
Test instrument CRC research coker
Filter pressure drop 0.0-0.1 in Ig i1 all tests

Test temp, Tube racing, unwiped (wiped)t
°F* [ TestTuel Test fuel + additive

Amb/500/600 | 2 (1)

Amb/525/6.5 | 2 (1)

Amb/550/650 | 2 (1) 1)

Amb/575/675 | 2 (1)

Amb/600/700 | 2 (1) 2

Amb/625/725 | 2 (1) 22 2t 20
Amb/650/750 | 3 (1) 2 4@ 3
200/550/650 | 1 (1)

200/600/700 | 2 (2) 2 (Dt

200/650/750 | 2 (1) 2 2t 2t
200/675/775 | 2H2) 3t 303t 2%
300/525/625 | 2 (1)

300/550/650 {3 @2 2@ 1) 1@
300/575/675 2 2 3H2)
300/600/700 | 4+(4+) 4t 44 3
200/625/725 4 (1)1

*Temperatures ae for reservoir/preheater fuel-out/filter.

1 Tubes from tests on additive-free test fuel rated with outdated color
standard, hence ratings listed may be siightly lower than true ratings.
tFilter temperature limited to 675°F in these tests.

Batch 18-19-20-22. Two different batches of JP4 tuel, here ideniified as A and B, were used in these studies.
Gas-drive and standard coker data are listed in Table 19.

This particular TS fuel was extremely stable, passing even at the maximum gas-drive coker tem-

peratures of 675/675°F. The JP4 frels had breckpoints of 400°F {(Batch A, standard coker) and 450°F
(Batch B, gas-drivo coker). The addition of 5 or 10% JP4 10 the TS tuel gave a sigmficant decrease in the thermal
stability of ihe latter, and 2 50-50 blend had essentialiy thie same stability as the JP4 itsdlf. The breakpoints may be

summarized as tollows:

TS fuel
IP3(A) .
IP4{R)

S IP4LA)
10% IP-4(A;
S0 JP4(B)

Ail of the fuels used in this work were quite stable fur ther respective classes. The JP4CA) breakpoint of
$00°F in the standard coker indicates a margin of 757F above the specification requniement. which 15 probably more

- e amr A s
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TABLE 18. FUEL COKER TESTS ON VARIC/US FUELS

Test temperatures for research coker are reservoir/vreheater/filter
Test temperatures for other cokers are preheater|/filter
Fuel paper-filtered for standard coker, 0.45-nicrn for others
All gas-drive coker tests with nitrogen drive in cok:rs no. 1 and 2
Gas-drive coker configurations 3 and 4 unless otherwise noted

Filter
Fuel Test temp, Tube rating,
AFFB no, | Coker type °F unwiped (wiped) | . ap, Date
in. Hg
8.67 Gas-drive | 475/575 1* (1)* 0.0 | 10Mar 69
475/575 * ()* 0.0 |12Mar69
500/600 4*  (3)* 0.0 7 Mar 69
500/600 4*  (9)* G0 |11 Mar69
8-67 Standard | 400/500 1 (1) 0.3 | 10Sep 69
400/500 i (n 0.0 [12Sep69
| 425/525 2 () 0.0 |11Sep69
425/525 2 ) 0.7 '15Sep69
9-67 Gas-drive | 400/500 0* (0)* 0.3 7 Mar 69
425/525 1 () 134 {11 Mare69
450/550 3¢ (3)* 25.0 | 10Mar 69
450/550 3 ()t 20.1 | 12Mar 69
9-67 Standard | 400/500 4 4) 25.0 |16Sep69
400/500 4 (3) 10.7 18 Sep 89
425/525 4+ (44} 250 |17 Sep 69
425/525 4+ (4+) 250 19 Sep 69
10-67 Research | Amb/400/500 1* (H” 0.1 10 keb 69
Amb/425/525 3¢ () 0.1 7-Feb 69
Amb/425/525 3+ (3+) 0.1 16 Jul 2
Amb/425/525 4 (4) 0.0 25Jule6Yy
Amb/425/525 3+ () 0.1 29 Jul 69
Amb/450/550 (0 0.5 |28Jan69
Amb/450/550 4* (4 0.0 6 Feh oY
Amb/450/550 3 () 00 [18Julev
Amb/453/550 YD 0.0 L28Juley
Amb/450/350 4+ (4+4) 0.0 3 Jul 69
Amb/475/575% 2N 6.5 | 23Jantv
Amb/475:58758 4* (4 0.8 27 Jan 64
Amb/475,587¢ 4% (40 0.0 SFebov
Anmb/SO0/6(00 7t (7 0.0 24 bon oY
1G-67 Research M0/375/475 te (" 0.4 3leb oy
200/400/500 LA R .5 3t Jan 69
2007460300 2 (0w 0.2 4 Feh o9
2007400 500 e gy 0.1 11 Feboy
200,400/ 500 RN 04 13 Feb a9
200/425/525 ey U4 [30Jan ey
200425528 4 (4 01 [12Feheou
t 200/450/550 4* (4" A 29 Jar. 69
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TABLE 18. FUEL COKER TESTS ON VARIOUS FUELS (Cont’d) . .

Test temperatures for research ~oker are reservoir[preheater/filter
Test temperatures for other cokers are preheater/filter
Fuel paper-filtered for standard coker, 0.45-micron for others
All gas-drive coker tests with nitrogen drive in cokers no. 1 and 2
. Gas-drive coker configurations 3 ond 4 unless otherwise noted

Filter
Fuel Test temp, Tube rating,
AFFB no. | CoKer type °F unwiped (wiped) | A% | Date
in. Hg
1067 | Research | 300/425/525 3 (2 02 |[17Jul69
300/425/525 3+ (1) 04 |22Jul69
300/425/525 3+ (1) 0.8 |30Jul69
300/450/550 3+ (1) 04 |23Jul69
300/450/550 3+ (29 0.1 |24Jul69
10A67 | Gas-diive | 550/650 1 00 | 24Jul 69
550/650 1 (1) 00 |28Jul69
556/650 2 ) 00 |30Jul69
550/650 4 (44) 00 | 1Aug69
550/650 (8 00 | 4Aug69
575/675 1 () 0.0 |24Jul69
€15,675 4+ (44) 00 |29Jul69
575/675 1 (1 00 |29Julé69
S75/675 1 (1) 00 | 4Aug69 3
) 600/700 26 (2) 0.0 | 257Jul 69
600/700 2 () 00 |25Jul69
600/700 1 () 0.0 |30Jul69
600/700 2 (2) 00 | 1Aug69 3
625675 1+ (1) 0.0 |31Jan69 f
650/675 4r (@) 0.0 |30Jan69 3
g 650/575 (e 00 | 3Feb69
10B67 | ddve | 550/450 4+ (44) 200 | 26 Aug 693
5507650 i @) 00 |26 Aug 69¢
550/650 )6 0.0 |27 Aug 69¢
550/650 33 00 |7 Aug 691
550/650 4 (@) 0.0 |28 Aug 693
550/650 4 (4) 0.0 | 28 Augo9g
5750675 4° (4 00 | 25Mar o9
575/675 6t {(s)t 0.0 {27 Mare9
5§73/675 4 (3 0.0 | 28Mar 69
§75/675 2 ) 00 | 1 Aproe9
§75/67% at (4)° 00 | 2Api69
575/675 2 (H* 0.0 I Apr oY
§74/675 () 0G | 4Apré9
13 =
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TABLE 18. FUEL COKER TESTS ON YARIGQUS FUELS (Coit'd)
Test temperatures for research coker ure reservoir/preheater/filter
Test temperarires joi o ihor cokere are preheater/filter
Fel paper-filtered for standard cokor, 0.45-micron for otners
All gas-drive coker tesis with nitrogen drive ir. cokers no. 1 and 2
Gas-drive coker configurations 3 and 4 unless otherwise noted
. Filter
Fuel Test temp, Tube rating,
AFFB no, | Coker type o unwiped (wiped) mAPrig Date
10B-67 Gasdrive |600/675 * (2 0.0 4 Feb €9
600/675 4* (4)* 0.0 6 Feb 69
600/675 4 (4)* 0.0 7 Feb 69
600/675 1+ (1) 0.0 | 19Ma: 69
600/675 4*  (4)° 0.0 | 24 Mar 69
603/675 4 (4)* 0.0 | 26 Mar 69
600/675 2¢  (2* 0.0 7 Apr &9
625/675 4 (4" 0.0 | SFeb6
625875 L BN 4 0.0 | 21 Mar 69
650/675 4%  (4)* 0.0 3 Feb 69
65C/875 4* (4 0.0 | 20 Mar 69
11-68 Research | Results given in Table 17
11-68 Gas-drivs "/00/700 2 @ 0.0 | 22 Sep 69%
700/700 4 4 0.0 | 23Se- 53§
700/700 4 2 G0 | 24 Sep 691
700/700 2 Q) 0.0 | 24 Sep 69%
705/17° y 03 00 | 25Sep 69%
TW0/700 3+ (3) 0.0 | 25Sep 69
700/700 2+ (24) 0.0 | 26 Sep 69¢
763/700 (24 00 | 26Sep 69t
700/700 P P)) 0.0 | 29Sep 69¢
700/700 2 Q) 90 | 29 Sep 69%
12-68 Gas-Grive | 650/675 i+ (1) G0 § 13 Mar 69
650/675 1 (D* 30 | 17 Mer 69
AT75/K75 2 (> 0.0 | 14 Mar 69
675,675 1* (1) 00 | 18 Mar 9
12-68 Research 1 Amb/550/650 ¢ {1} 00 | 16 Aproy
Amh/600/700 | 2*  (1)* 0.0 | 17 Apr 69
Ambl625/125 | 20 (2)* 00 | 18 Apr 69
AmblESQ/ 150 2% (1) 00 | 21 Apr &S
Amb/8T8/77$ AN § §\d 00 | 22Apr 69
12-68 Rewarcr | 200/628/723 PAJE 8§ 14 00 | 23 Mar 49
: WO/8S0{ 750 SO 83 00 | 24 Mar 69
! ADI6TSTTS e 0.0 | 25 Mar 69
SUDISTIITTS 2 (D 0.0 | J0Juns9 -
200/578,775 2 _(Z) 00 1 Jul 69
1
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TABLE 18. FUEL COKER TESTS ON VARIOUS FUELS (Cont'd)

Test temperatures for research coker ure reservoir/preheater/filter
Test temperatures for other cokers cre preheater/filter
Fuel paper-fili..;ed for sta dard cokes, 5.35-micer 2 for otherr
All gas-drive coker tests with nitrogen drive in cokers no. 1 and 2
Gas-drive coker configurations 3 and 4 unless otherwise noted

—

Filter
Fuel Test temp, Tube rating,
AFEB no. | Coke type °F unwiped (wiped) m”‘;‘ Date
1268 Research | 300/525/625 |- 2¢ {(1)* 0:1 {30Apr69
300/525/625 2 () 0.1 2 May 69
300/525/625 2 ) 0.1 2Jul 69
300/525/625 2 . 0.1 3ful 69
300/550/650 3 () 0.1 1 Msy 69
300/550/650 3+ (D 0.1 7 Jul 69
300/550/65¢ 4 2) 0.1 8 Jul 69
300/55C/550 2 (2) 00 [liJue9
300/550/650 2 ) 0.0 !14Jul69
300/550/650 3+ (34) 01 (I5hd69 I
300/575/675 4* (2)* 0.1 |29 Apr69
300/375/675 2 (2) 0.0 9 Jul 69
300/575/675 2 Q) 30 | 10)ul 69
30G/625/725 4*  {1)* 00 |28Apr69 |
12-68 Standard | 450/550 1+ {(1)® 04 |13Mar69
450/550 1* (1)* 09 | 14Mar69
*Quidated color standards used; rutings shown may e slightly lowm than true ratings.
t Estimatea using old extendec-scale color standard.
1Gas-diive cokers in Configuration $. N
J

than average but not ot all uncomumon. The JP4(B), with u breakpoint of 450°F in the gas<liive coker, i quie
comnparable to the JP3A). With the extremely stable TS fuel used in this work, contamination with as bitile 28 5%
of JP4 and a faurly good oue at that) gave a significant decrease i thesmal stability | and 10°% JP4 brought the
bicakpoint about halfway down to the JP4 level. In the 50-50 blend, the obscived thermal stability was 28actiy the
sante as that of the JP4 itself. It is interesting te note that the JP-4(B), which was used in thie 0-50 blend, had an
extremely sharp and repeatadle breakpount, and that the 50-50 biend likewese Lad a sharp and repeatable breakpoint
at the same temperature. '

These results demonstrate a ugitificant degradation -of thermal stability when as little of % of one
paziwular P4 fuel s +dded 1o one partscular TS tuel If one were dealzig wath a much povrer TS tued and 3 better
L, the degraiation effect should be much less and mught be entwely abment. All that can be concduded from the
data nbtamed Rore w that the possshiity of serous degradation does exiar.

7. NEWOEVH.ES FOR EVALUATING FUEL THERMAL STARILITY
7.  Baxkgrourd

Among the pewer approaches to fuel thermal stabdily texting are two devices developed by ~quipment
manuficturess 70§ sularitied to 4 CRC group for svshation. Thew dovices siitse 0w ame operating princple as
the standard fusl coker. that s fuel 13 paed over 2 hot metal sufice and then through 3 test filter, and tuel
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TABLE 19. THERMAL STABILITY OF TS/JP-4 MIXTURES
Gas-drive coker tests with nitrogen drive, fuel filtered . 45-micron
1 . . Filter
v Test temp, Tube rating, 1P Coker | Config | Test Date
°F unwiped (wiped) | . ") | ro. ro. | no.
in. Hg
JP+4 Batch A, stendard coker

300/400 1 © 0.0 3 ~ | 5524 |33 May 69
350/430 t 0.0 3 5528 | 14 May 69
350/450 2 ) 0.1 3 5536 |19 Muy 69
375/475 24 (79 0.1 3 5534 |16 May 69
400/500 4 & 0.0 3 5530 |15 Mav 69

|

| TS fuel Batch 18-19-20-22, gas-drive ~vker
450/550 1) 0.0 1 3 5521 |12 May 69
500/600 1 () 0.0 1 3 5523 {13 May 69
550/650 1 M) 0.0 1 3 5526 | 14 May 69
600/675 () 0.0 1 3 5529 |15 May 69
650/675 TR 0} 0.0 1 3 5532 |05 May 69
675/6715 2 ) 0.0 1 3 5535 |19 May 69

SHIP4A], 95% TS fuel (by volume ), gas-drive coker
600/675 T Q) 0.0 ! 3 | ssas |22 May 69
600/87$ 2y 0.0 1 3 5547 |23 May 69
625/075 3 () 0.0 1 3 5§542 |21 May &9
625675 2 4] v 1 3 SS48 |26 May 69
850/675 4 () 00 1 i 3 $539 1) May 69
1O% IP4 AL, YUK TS fuci (By wolume ), gatdrive coker
KLY 3E 2 () 00 i 3 13556 | tiun69 |

5281625 2 0.0 1 {3 $S60 | 4Jun a9
$S0/650 Iy 0.0 1 3 $585 |29 Mzy 69
S50/650 | 4 (D) o 1 } S556 | VIuney
$1¢/675 29 00 ! 38552 |28 May 89
825/67% ! 4+ {4) 09 1 3 2550 127 May 69

£ e s st e
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TABLE 19. THERMAL STABILITY OF TS/JP-4 MIXTURES (Cont’d)

Gar-drive coker tests with nitrogen drive, fuel filtered 0.45-micron

Test temp, Tube rating, Filter Coker | Config | Test '
: °F unwiped {wiped) ae, no. no. no. Dute
2 : in. %
) JP< Baich B, gas-drive coker

375/475 i ) 0.0 2 5 15669 | 9Sepss |

a00/500 | 1 () 00 | 2 | 5 | 5673 [105ep69

425/525 1 Q) 0.0 2 5 | 5676 {11 Sep69

451525 | 1 (1) 00 2 s ! 5684 [158ep69

425/525 2 Q) 0.0 1 5 15692 [175ep69

450/550 4+ (44) 00 5 | 566 | 8Seps9

450/550 a4+ (%) 00 5 | 5680 |12 Sen 69

450/550 4+ (44) 00 1 s | 5696 |18 Sep 69

50% JP-4(B). 50% TS fuel (by volume ), gas-drive coker

) 400/500 1 M 00 1 5 | 5667 | 8Sep 69

425/525 2 () 0.0 ! 5 15670 | 935ep69

425/575 2 Q) 0.0 1 5 | 5675 |11 Sep 69

. 425/525 1 0.0 1 5 | 5687 |16 Sep 69

425/525 1 () 0.0 5 | 5688 |16 Sep 69

450/550 4t (44) ) i 5 | 5662 | 5Sep6s

450/550 2 (4%) 0.0 i 5 $67 110 3ep 69

450/550 v (4%) 00 ! s | so83 [155epe9

450/550 4 (44 0.0 2 s | qheg ciTsep s

!,
500,600 4 {a¥) 2.0 2 5 | 5664 | SScpeo
1 J

stability « rated arcording 1o the color of the hot-surface depaists and the degree of plugging of the test filter These
are not mermly “madified” fuel cokers, unce new approaches :n design have beent incorporated to nununwe tuel
sqiapte uze and to chiminate some of the shortcomings of the stund=rd fuel coke: wnd 1y vanous moditied versons

The two devices are Alsor’s JETOT (Jet Fuel Thermal (adation Testerd aad £rdoo’s Precision Fuel
CUoker Dunng the counse of cooferative sveluatrans of thes devices Iy the Au Force and CRC, one JFTOT became
, avasdabde Tor .ot use foc weveaal menths The resubis reported here are not 3 part ol the foemal evalustion program of
CRO, but are mtended to provd: supplementary mformation on the spplicatulity of the Alkcor JFTOT in ey
range progranss o the thormal (od storzge stability of highquality fuely Results obiared by SwRI with the brdeo
Preciwon Fuel Coker were not svalable in teme for inciusion heee, but will be presented w3 Tutuse report

) Alcw JFTOT Equpment andd Proceduees

The apparatus, operatiim, 2nd matntonance procedures have been descubed in the manufacturer’s
operating mianual, and only 2 boef sammsry will be grves hore
perating ) v
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The test full s contzined in a steel reservoir at ambient temperature and is pumped in a closed loop
throvgh 4 “test section™ and cooler and then back to the reservoir. The fresh fuel and spent fuel are kept segreguted
in the reservoir by means of a free-moving piston. The entire system is pressurized with nitrogen to 300 psi; the
pump serves only to meter the fuel through the test section at a fiow rate of 185 % 4 ml/hr and to overcome the
slight pressure losses in the system. The test section consists of a vertical tube-in-tube heater and a test filter
mounted directly on the heater exit.

The inner tube ot the heater is 6051-T6 aluminum, with a heated section 2-3/8 in. long and {/8 in. OD.
A new inner tube, prepolished by the manufacturer, is used fur each test. kn the heater assembly, the fuel flows
upward through the annular space between the inner tube and 2n 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 ianer tube is resistance-heated with low-voltage current, and its temperature is measured by
a movable thermocouple inside the tube. The thermocouple junciion is imbedded in a small copper cylinder that
slides 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 tlow
system includes an in-line fiiter ahead of the test section; this is the same porosity as the test filter but 10 times the
{low area.

The fuel is pumped through the system by means of a Zenith gear pump iocated afrer the test section,
i .. 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 anc the fiow system offers little
resistance. The advantage of this pump iocation 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 sight glass in the fuel
return line, and total fuel throughput is measured for each test. However, for contro! of flow rate, primary reliance is
placed on the constant-delivery characteristics of the pump.

Power input tc 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 normally 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, 449°F. The correction factor obtained by this calibra-
ticn may be applied to the indicated temperature readings during the subsequent test.

Before a test is started, the reservoir and test-section components are disassemnbled, 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/min. 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 are maintained
for 5 hours. During this period, the tube temperature profile is established as Cescribed previously. Filter pressure
drop readings are takzi every 30 minutes. The filier may be bypassed if excessive nlugging occurs.

After shuidown and disassembly, the heater “.1be is rinsed with hexane and then colos-rated, using a
stzndard ASTM Tuberator and color standards, along with an adaptor for holding the small JFTOT tube. The color
ratings are p'otted agaiust position on the tube, and the temperature profile is plotted on the same graph. From this
graph, reading from fuel inlet to fuel outlet, the inception points for Code 1, 2, 3, and 4 deposits can be translated
into corrzsponding tube temperatures. For purposes of data anaiysis and reporting, we have considered the break-
point 2s that temperature corresponding to che inception of deposits rated Mo. 3 or darker. This is anzlogous te the
definition of breakpoint used in standa:d and modified fuel cokers. It should be remembered, however, that the
breakpoint thus defined in the JFTOT is nominally a metal surface temperature, hence wovld be expected (o he
higher than a standard or modified coker breakpoint defined in terms of p:chcater fuei-out temperature. Breakpoints
based on filter plugging have not yet been defined for the JFTOT, so far as we are aware.
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c. Operating Experience with JFTOT

The most serious problem encountered in our early operation of the JFTOT was poor operation of the
temperature controller. This 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 patformance has been quite satisfactory. Warmup can
be accomplished on automatic corftrol without overshoot, and “siable 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, can be performed without any substantial temperature fluctuations. All of these operations do require
the development of certain 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 is the ease of assembly, disassembly,
and cleaning. Turn-around time is far less than with standard or gas-drive cokers. The JFTOT flow system is well
designed. and no problems have becn encountered in its operation. The unit requires very little attention once it is in
steady operation. In overall operability and maintainability, it represents a very significant improvement over the
standard or gas-drive coker. o

Another advantage of the JFTOT, along with other small-scale o3t 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
considerah'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 standard or gas-drive coker evaluations have
required the storage of drum quantities of fuel, with increased requiremenis 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 overating procedure, the SFTOT test period is S 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 teiaperature of the JFTOT is somewhere around
700°F. Test temperatures up to 725°F were used ir 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, in several cases, a single streak of dark deposit has been noted on the convex side of the bowead tube. This
prohably indicates a hot spot at the point of flow restriction. 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 etfects did not occur. In any case, whether contact does or
does not 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 nnder the glass are often significantly different than those cbserved withour magnifica-
tion. In the interest of consistency, all ratings reported here are those obtained by the unaided eye. The
ganeral problems of visual ratings exist for all cokers in which surface deposits are rated by color. It is to be
uopea :hat some of the current efforts toward ncnvisual rating systems will result in a reliable und convenient
method for deposit rating.
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. 00 Another problem in rating the tubes is decid-
ing what significance to ussign to abnormal deposit pro-
files. This is illustrated in Figure 6, which shiows the

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

$30 are of the type recommended by Alcor for determining
breakpoints, but the deposit profiles are smoothed for

}' purposes of iilustration®*. On the graph, left to right
518 represents the directicn of fuel flow, with the maximum
g temperature located 0.85 in. from tine outlet. Both
§ deposit curves denote a maximum color rating of 3. In
J the “normal™ distribution, the maximum color rating
occurs either very near the maximum in the temperature
curve (0.85 in.) or slightly tc the left of this point. In
the “‘post-peak™ distribution, the maximum deposits
occur well to the right of the maximum-temperature
point, ie., beyond the maximum-temperature point :in
the direction of fuel flow. As to physica' significance, it
can perhaps be argued that some fuels are sensitive to

1 : metal surface temperature and deposit progressively as

20 1.5 10 us ° the surface becomes hotter 'up to the maximum at 0.85

. Distance from outlet, in. . e

in. from the outlet; other fuels are more sensitive 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 deposits do rot

seem to appear with any specific fuels, but more or less

at random, this explanation appears unlikely. However, we fiave not been able to arrive at an alternate
explanation that is at all reasonable.

Deposit color code

(¥}
13

47S

Curve A: Normal profile
Curxe B: Post-peak profile

Foud flow e

Whatever the significance of the post-peak deposit patterns, they do introduce probler:s in estab-
lishing breakpoints. Referring again to Figure 6, on the “normal™ curve, the No. 3 depcsit is obtained ar
approximately 385°F on the rising poriion of the temperature curve, so that it is reasonable to assign a breakpoint
of 585°F based on such a test. On the “post-peak” curve, the No. 3 deposit corresponds to a tube temperature of
about 562°F, on the falling portion of the temperaturs curve. It is of dubtful significance to call the breakpoint
562°F when the fuel had been exposed to metal temperatures up to 596°F without leaving any severe deposits at
that point. When such de posit profiles are observed, ore has ‘he choice of (a) taking the indicated breakpoint at face
value, (b} taking the maximum-temperature point as the breakpoint, (c) ignoring the anomalous deposits in rating
the test, or (d) throwing out the test resuit altogether. In arriving at the breakpoint results reported here, we have
ignored any deposits located more than G.2 ir. beyond the maximum-temperature point. This cutoff point is
somewhat arbitrary, representing our best estimate of the point beyond whicii one can say that deposit intensity is
no longer related to metal temperature.

Others iiave expressed the opinion that the post-peak deposits are characteristic of certain fuel samples
or certain types of fuels. Our data are more indicative of a random occurrence. fn any ever®, it will be necessary to
agree on a standard method of interpreting post-veak deposits if the JFTOT is to be used as an interlavoratory
device for rating fuels.

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

*Since the deposits generally occur in fairly sharp bands, the profile it better represented by a “bar graph™ type of plot.
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d. Test Results and Discussion

Results obtained to date in S-nour 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. Temperatures are uncorrected; the correction, if
applied, would be +3°F for Runs 7-1G, +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-tempesr.ture point are listed in the inception-temperature data and foot-
noted: such deposits are ignored in determining the listed breakpoints.

As indicated in Teble 20, the clay-treated JP-7 fuel gave a reproduritle breakpoint of 693-703°F in tests
at 700 and 725°F, based on 1-hour tube ratings. The rerating at 24 hours lowered the breakpoint to 687-699°F,
with one test still showing iess than Code 3 deposits at 700°F. When the same fuel was 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 600°F, a breakpoint of 502-503°F was
obtained. In tests at successively lower temperatures, the observed breakpeint also became lower: the most reliable
value appears to be 462-463°F. It appears that the most reliable results are obtained when the breakpoint is very
close to the maximuni tvbe temperature. With a surficient number of tests, it is possible to narrow down this gap
and to obtain reliable bieakpoints. With an unknown fuel sample, a fairly larg: number of tests may be required to
narrow the gap. The “floating breakpoint™ phenomenon is not peculiar to the zinc-contaminated blend, since it was
observed in tests on cther fuels in this program.

Several samples of & rclatively new fuel in Air Force storage, AFFB-13-69, were evaluated in the JFTOT.
This fuel is a kerosine with relatively high thermal stability. The results on this fuel (Table 20} were guite 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 605°F to 535°F as
the maximum iube temperature was decreased from 625°F to 575°F. When the tube temperature was further
lowered to 550°F, no Code 3 deposits were observed. '

In many of the later tests in this program, the post-peak deposit pattern occurred so {requently 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 depnsits are
compared in Table 21 with breakpoint rata available from other fuel coker tests in this program. The JFTOT
breakpoints represent the tube temperature corresponding to a Code 3 deposit; the other coker breakpoints repre-
sent the lowest preheater fuel-out temperature giving a Code 3 deposit.

Of the JFTOT breakpecints shown, the only cnes that represent narrow ranges and reasonably reliable,
r2peatable values are on the clay-treated JP-7 (687-699°F). the AFFB-13-69 Samgple 3 (574-595°F), and possibly the
Shell JP-7 Sample 2 (720-723°F), although the latter is based.on only two tests. It is interesting to note tlat two out
of three of these more reliable breakpoints were obtaincd 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 the 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-i3-69 fuel show that
one sample {*vo. 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 ternperature is lowered (AFFB-13-69, Samples 2, 3, and 4). This phenomenon
has been observed in the past with other fuef cokers and similar test devices. Consideration of filter plugging in the

41



Bt B et Pt bt i

TABLE 20. THERMAL STABILITY RATINGS WITH ALCOR JFTOT
Heater te.nperature, °F, for Heater Filter
Run | Tmax, first color rating as indicated breakpoint, '
no. | °F 1-hr rating 24-hr rating °F o
3 in. Hg
1 2 3 4 1 2 3 4 1-hr 124-hr
Clay-treated JP-7(10-12-T)
19 725 - - 703 - 585 69C¢ 699 710 703 699 | 0.0
7 700 | 632 692 - -~ 632 694 697 .- >700 697 3.2
8 700 580 685 695 ~ 580  £85 675 695 695 | 0.2
9 700 585 687 - - 585 687 695 >7G0 695 | 0.2
10 700 | 567 695 697 -- 567 69°% 697 697 697 | 0.1
1 700 | 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 l 700 -- 665 - - 565 680 - >700 |>700 0.0
20 l 700 685 - 697 - 580 685 697 697 697 0.0
Clay-treated JP-7 + 2 ppm Zn (Mixture M-7)
[ T
21 6G0 | 490 497 503 . I - 562 503 ; 502 1.0
22 510 469 483 484 4846 452 469 481 482 484 48] 0.1
23 495 447 461 466 - 447 454 464 477 466 | 464 G.0
25 480 - 479 - 457 4¢ 472 476 >48( 472 0.4
27 480 401 472 . 474 476 461 472 473 476 474 473 0.1
24 +75 476 472 474 475 466 470 471 473 474 471 0.0
26 475 457 470 471 473 457 469 472 472 471 470 1.6
29 465 461 4¢ 5 463 457 460 46 431 363 462 J.1
28 460 ~- 455§ 459 460 >460 460 {N
30 450 350 - 4438 450 1 450 on
AFFB-13-69, Sample 1, Tank H-10
38 700 66} 662 663 [ [ LY 662 6t:3 688 H6 3 tird 0
16 75 485 646 AIO0®  ALI* | 485 b 610%  612¢ hd * 0
37 673 1 600 610 6l 632 ;600 630 6l 617 6y it 00
4 680 | 40 - . 540 680 s ] 60
3.} 650 856 §85 558 615 827 550 600 601 S3R 6k} Ui
300 625 525 S2¢ S3u 600 | 428 SIS 30 600 | S | S0 01
3| 600 | 592 92 So00 |0t D 0 J
N S
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TABLE 20. THERMAL STABILITY RATINGS WITH ALCOR JFTOT (Cont'd) | B
Heater temperature, °F, for Heater Filter
Run |Tmex. first color rating as indicated breakpoint, AP
no. °F 1-hr rating 24-hr rating °F in ],i
1 7 34 | 1 2 3 4 |1m [am [F

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

40 625 | 575 605 606 608 1520 575 605 606 | 6061 605 | 0.0
41 600 | 540 S80 594 595 {508 515 594 595 594 1 594 | 0.0
42 575 | 492 528 535 536 |470 472 535 540 535 | 535 | 04
43 550 | 335* 525% -~ - -535%  525% - >550 | >550 ; 0.6

AFFB-13-69, Sample 3, Tank B-17

44 600 | 597 599 599 600 |S597 599 599 600 599 59% | G.1
45 575 1 369 571 574 572 [569 STl 574 572 574 574 120

46 550 | 550  540* 50S* S00* | 550  540*% 523* 497* * * 92 - j

47 | 525 | s14 - — 489 489 .. >525 | >525 |10.0

AFFB-13-89, Sample 4, Tank B-17

50 ] 600 | 591 599 59 595 1S90 600 596 592 596 | 596 | 0.0
a9 1550 | 52 . 526 - >550 | >550 | 0.1 -

a8 | 535 | - - 510 - >$35 | >5.: | 03

AFFB-13-59, Sample S, Tank B-17

4 600 39¢ S97 596 590 596 DN 93 596 595 0ce
b 398 S99 SK2* SH2* O ST79* 1S90 SKT®  SKI* ST9e . ¢ 0.0
53 90 582 542 - SK2 S42* >890 [ >890 | 00
AN S8 570 S0 - o 52 - SRS | RANS [ERY
Ay 575 S64 872 - S6R 572 *STS 8 TS 1 00

Nhell JB 7. Sample |

] 728 () 17 0% 687 7 RV RS !r° . Enm
| .
63 7is Sov - - - 65 Tis 1S an
| |
o —— 4 i L
43 i
¥ .
5
BN
]
3
X R ST = —— e e

e A M R




e ety A AT A

A e AR A B VPRI NP s e

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

S S RS G

Heater temperature, °F, for Heater Filt
Run | Tmaxs first color rating as indicated breakpoint, AP"
no. | °F L-hr rating 24-hr rating °F i H
1 2 3 4 1 2 3 4 | thr 24h |[™7®
v Shell JP-7, Sample 1 (Cont’d)
31 700 | - - - 660* | 545 693 690" 660* | >680 | >680 | 0.0
§0 700 | 470 - - 675 | 525 - - 675 6751 675 | 0.0
62 700 | 595 - - 574 - - - >700 | >700 | 0.0
59.1 690 | 607 685 - - 607 685 - >690 [ >690 | 0.0
3z 680 | - 470t -~ - 658 660 663 683 663 | 663 00
Shell JP-7, Sample 2
65 725 | 590 723 | 575 - - 723 723 | 723 0.0
66 720 | 570 718 - 570 718 713 >718 | 720 0.0
64 700 575 695 - 660 690 >700 | >7007 00
*Color far beyond hottest point: not used in breakpoin? rating.
+Brassy color over most of heated section.

TABLE 21. BREAKPOINTS OBTAINED IN VARIOUS FUFI. COKERS

Clay-treated JB-7
Same + 2 ppm In

AFFB-13.69, Sample |

-

A G e 8

Sheli JP-7_ Sampie |

Heater brcakgglgx_( °F for Code 3
Rescarch
JFTOT | Stundard | Gas-drive | reservoir,
300°F
e

087-699 613
460-502 400
530-662 :
5356458 450 (400 tor Tlter plugging)
§74.499 l

S i

e
631718 >TH) ! )R85
120728 >71(%) { 825350

; _J

4

4




JFTOT as a rating parameter to establish breakpoints will require the resolution of some rather difficult questions.
First of all, some definition will have to be made as to the pressure dyop that is considered significant as a criterion
of failure. Such criteria for the standard coker have been guite arbitrary, being set originally at 25 in. Hg with
successive decreases to the value of 3 in. Hg appearing in most of the newer specifications. Any calculated correla-
tiou between two dilferent filters and flow rates {e.g., standard coker and JFTOT) is rather meaningless becguse of
lack of mathematical definizion of the filter medium and particularly the effective filter area, which will tend to
“spread out™ as the filter becomes partially plugged. This behavior introduces ambiguity into the use of the
exposed-medium surface area for prorating flow rates and pressure drops. Since the choice of a cutoff point for
pressure drop in breakpoint ratings is arbitrary in any case, the most reasonatle approach will be simply to take the
lowest pressure drop shown by experience to be at all indicative of fuel deterioration rather than equipmcent
variables. This niay be as low as 0.2 in. Hg in the standard fuel coker. Tome years 3go, we analyzed the results of
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
criterinn, Out of a total of 134 tests, 128 gave the same pass-fail rating by this criterion as by thie then-standard
criterion of 13 in. Hg st 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 plugging and de-emphasizes the “plupging rate’ aspect. The
industion period is considered to be more representative of a fuel’s inherent thermal stability; the plugging rate is
more likely 10 be influenced by extraneous factors as well, in particular variations in the filter media.

So far as the JETOT is concerned, the datu reported here are not sufficient for any valid recommenda-
tions on {ilter-plugging breakpoint criteria. Tne data on the AFFB-13-69 indicate tha* pressure drops as low as
0.3-0.6 in. Hg may be valid criteria of plugging, since the standard-coker data on Szmple 2 of this fuel did indicate
rather severe plugging. However, the occasicnal random plugging with other fuels in the JFTOT suggests a problem
related to the equipment and procedure. Possibly the recent and current CRC work on this zpparatus will poiat out
optimum criteria for allowable filter plugging.

Another problem area in the use 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 particuler, in the tests on Sample 3 (Tabie
20), the initial test at 600°F 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 600°F
maximeim 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 25°F lower temperature would
not have been detected. In the case of Sample 2, the development of filter plugging as the test temperature
was losered 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-tzmperature 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 such
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 tirie. As discussed
previously, the JFTOT with the currently recomruended procedure has only a minor 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 bzcause the test fuel was
too stable. This was the clay-treated JP-7 fuel, which gave breakpoints of 687-699°F in S-hour tests. The short-term
test data are summarized in Table 22.

It will be noted that filter plugging was apparentiy random, as had been observed in S-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 ALCOL
' JFTOT USING SHORT TEST PERIDE

Heater tempenature, °F, for .
g:: Tmaxs indicated color rating FX;,“
'l °F 1-hr ratin 24hr reratin ’
by £ % _{in Hg
1 2 3 1 2 3
3 725 |- - 1690 -~ ~ | 52
2 07 - - - 1572 - - 0.2
3 707 - - - 1572 645 - 0.1
3 700 - - - |580 - - Q0
4 725 - 712 - 1595 T2 T13 | 2.0
4 700 607 -~ - [580 696 - 1.9
4 700 - 682 -~ 1525 675 - Q.0 :
L]

725°F based on the 24-hour re:ating of the
tube. This single result dues =t f+ast indicate
some possibility of -rading time for tempera-
ture, which may 1£3ult in a feasibi= tzst pro-
cedu; e for less stabie fuels.

e. Conclusions

The Alco: JFTOT has been
investigated in this program primarily to
explore the possibilities of its use in long:
term storzge and thermal stebility studies.
Operating experience with this unit "as
indicated significant advantages over the
staadard and gas-drive cokers in ease of
operation and turniaround. With the present
S5-hour procedure, it has very little advar:tage
in test time or unit productivity. The sinall
sample requirement is a definite advantage

for use of the devicz in fuel storage programs. The principal preblems encountered in use of the Ajcor JFTOT were
in the interpretation of post-peak deposit profiies and i1 narrowing down the breakpoint with a reasonatie numbey
of tasts. This program was not designed to give a statistica! measure of repeatability; qualitatively it may-be said that
p-oblems do exist, at least with some fuels. Some cf the problams that have been discussed here may be rerolved by
cooperative CRC programs. In any case, the work reported ner: has derionstrited that she Alenr JFTOT does huve
considerable promuse for use as a rating device in long-ierm prrgrams on fuel siorage and therm.al siavility.

It kad beep planned to carry out an anslogous study of the Erdco Precision Fue! Coker, the other test
davice under consideration by CRC. o results were cbtained in tirae for inclugion in this repo.t. Comple.e results
from teste using doth cevices will be presenied in a futnre Tecknical Kepost.
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SECTION NI
FUEL LUBRICITY SIMULATOR

Recentiy, SWRI was assigned tne task of putting into operatior: a Jet Fuel Lubricity Simulator, which had
been constructad for the Air Force by a contractor under the guidance of a CRC group. Once in operation, the
apparatus was to ut:desgo an evaluation to establish its utility as a screening device of fuel lubricity performance.

Development of the lubricity siimulator was the outgrowth of an Air Force field problem with fuel controls.
The difficulty centered around sticking control valves, and the severity of the problem ip the field appea: 2d to be
affected by the nature of the fuels being handled. The design of the fubricity simulator was intenu:d to provide a
means of investigating (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 Ib by simple adjustment. Tesi fuei, uncir pressure, is supplied to th2 valve and cylindzr
assemnblies, and the force required to move the valves is measured continuously by means of strain gages. Valve travel
is also measured continuously with a linear volitage differential transformer, and a plot of axial force veisus travei can
then be obtained. A suitable drive iz used to actuate the valves for the number of desired cycles.

The CRC Jet Fucl L.bricity Simulator that was furnished to the Air Force by the contractor consister of the '

“test section™ only, without any drive system or :nstrumentation. Considerable delay has been uccasionad by the
need to establish th.e requirements for
drive system und instrumentation and N
then to procure and assemble these "
components. In the meaitime, a tem- %
porary and makeshift buildup with

borrowed components has aliowed the ’\
limited operation - of the lubricity (
simulator. This has proved to be of
much value in determining the overall
arrange.nent of the lubricity simulator rael

system. Figure 7 shows the general o

d ¢ .] S | eegatind

arrangement and components of the Ly

. .o . b —{ }-—c{ ~¥ Rowwbe
tuel lubricity simulator test systeir. A ] 9 ] O\ B v -
variable-speed drive actuates the valves } ! ,

over a fixed distance of travel. Axial o ~-~AD~*~~;V; SR I

force on the simulator valves will be T etas

detected by strain gages, valve travel
will be measured by an LVDT, and
these signals will be fed into a demod-
ulator from which the oatputs will be
displaved vn an X-Y recordsr. This will give a continuous plot of these parameters over a5 many cycles as needed. A
nitrogen gas-drive system will be used to flow fuel through the lubnuity umulator at the desired rate. and the
influent test fuel will be filtered through a 0.45p filter Perpeadivular foice on the valves can be applisd imitially by
meany of a califrated spring and will remain constant vwer the test period

FIGURE 7 JBT FUEL LUBRICITY SIMULATOR

Thus. upnn estabhshing optimum operating conditions, fyeis may then be tated on 3 relstive hasis against 4
stardard or by determiming the coeffioent of friction 3s desited fn ardes te be confident of these data it wil be
atcessary to huve an effective flushung and Jkaning prowedure established . an t the development of wuch a jrocedare
1t now receiving congderablie atiention
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SECTION IV

FUEL CORROSION INHIBITORS

1.  BACKIROUND .

Corrosion inhibitors have been used in JP-4 fuel for a number of years, primarily for internal protection of fuel
pipe lines. Inhibitois are qualified under specification MIL-1.25017B, which was issued in 1962. Inhibitors are
required to pass a corrosion test, which fixes the *‘relative effective concentration,” i.e., the minimum allowable use
concentration. The maximem allowable concentration is established by several criteria but cannot be greater than
{ four times the relativ effective concentration nor greater than 20 pounds per 1000 barrels of fuel <20 1b/Mbbl),
Once an inhibitor has been qualified under the specification, it may be used in fuels supplied to the Government
without any furthe; t=sting. The fuel supplier purchases an inhibitor that is certified to meet the inhibitor specifica-
tiun, and the only inspeciion tests that are run are on the blended fuel. These tests do noi (~clude any form of
Corrodon tas?.

To update the corrosion irhibitor specification, the Air Force has issued a proposed specification, MIL-I- i
25017C, draft dated January 1968. The pertinent sections of this specification are inclided here for referencc (see L

Appendix). Gualification testing under this proposed specification uncovered a number of difficulties, primarily in PN
the rusung test itself. This problem was assigned 1o SwRI for investigation; the results obtained to date are reported ;

herein. ' i
2. RELATIVE EFFECTIVE CONCENTRATION !

The test for deteimining the relative effeciive concentration of corrosion inhibitors is an adaptation of ASTM
Method D 665, “Rust Preventing Characteristics of Steam-Turbine Qil in the Presence of Water.” The meihod as
specified in MIL-1-25017B calls for testing the corrosien inhibitor i increasing concentrations of 0.5 1b/1000 bbl
increments in depolarized isooctane, after preliminar; 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 no rusting under “normal light”
(approximately 60 footcandles) are considered as passing. The minimum concentration of a particular corresion
inhibitor which produces specimens passing the test is considered the relative effective concentration.

Because problems of poor reproducibility had been epcousitered with this test, additional modifications were
specified in the proposed draft of MiL-1-25017C. These included: (1) a more rigorous ¢+polarication of the
isoactane, (2) more specific directions for polishing the steel test specimens; (3) more specific directions for the
water ex'raction of the test solutions, (3) specification of 2 S-hour test with synthetic seu water at 100°F; (5)
definition of 2 passing test as a specimen having less tian sux spots of rust less t'oun 1 mm in diameter on the center ;
1.7/8 inch section of the test specimen (ignofing the vnu sections). The test procedure 13 listed in the Appendix. ]
pasagraphs 4. 1 through 4.6.3.2. ’

Subsequently, tests by Air Furce penonnel wath this percedure (using synthetic sea water) had given rather
pout repeatability, which appeared to be improved by the substitution of distilled water. Further work by SwRi
reposted heie, was directed toward defining the est repeatabibity and the relstive performance of corromen
imubiiors in S-hour tests wath distilled water

Meantion should be made of an snomaly in the speatfication for the steel -+ od tor test specumens ASTM Dess

cally for 1015, 1020, or 1023 cold-fintthed bar. Such matenal has been o, . te for many years, dut the ASTM

procedure hat rot boen updated Moat Laboratones use 101X coddfinnhed bar, which d&iffers from the

1C15-1020-102% seties in having a highe: managanese content Fos the waek reported here, the Air Force obtaned a

supehy of 1020 Aoradled bar in 5/8.anch dlametes, from which the | Junch specimens were fabricaied This
materil has heen rsed in all of the tesis reported herein

The resilts of Gaur rusting tests are sumamarnzed tn Tabie 2
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TABLE 23. RUST/NG TEST RESULTS UN CORROS{ON INHIBITGRS

S-hr tests por Proposed MIL-1-25017C wsing distified water

-y

Concn, | of

ts

b/Mbbi Pass | Questionable | Fail |

Remarks

Inhibitor A, old sample

20
2.5 1 1
3.6
3.5 1 1
40 2 1

i
|
A

W e e

{rtubitor 4, new sar. ole

3.0
| 35
4.0
4

50 1
1

REC 4.5 1b/Mbb!

Inhibitor B, old sample

20
25
10
35
40
4.5
5.0

— e b 0 L) e

— e

I=hibitor B. new sample

20 !
2.8
3.0
13
40
435

- - e -

REC I35 4

imdaditor O

B e S TR

s b
40
45
S0

’1
60 !i

ro

All specimers in tests un Inhibitor T
were rated under hghting greates
than sGfout-car dles

RiC 5 3I0/MbH

:
Z,
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TABLE 23. RUSTING TEST RESULTS ON CORROSION INHIBITORS (Cont’d)

S-hr tests per Proposed MIL-1-2501 7C using distilled water

Concn, | Number of tests Remarks
tb/Mbbl [ Pass | Questionable | Fail ma

Inhibitor D ( three different samples)

2 thru !§ 1 35
16.0 1 2
16.5 1
17.0
18.1) 4 1
185 i
19.0 2 1 i
20.0 2

—
w

REC >> 1§ 1:/Mbbl

Inhibitor D, water extraction omitted

3thru s ]

6.0

6.5

7.0

7.5

8.0
8.5thru 16

R =

REC 6 to 7 1b/Mbbl without water extraction

[
Y—

LA = = A
W

Inhubitor E, old sarple

4 thru 10 2 1 ! 10 | Single passes at 3.0 and 10.0 1b/Mbbl
10.5 |
12.0 ]
14.0 I

Inhibitor £, new sample

ot

10.0
110
120 |
13.0
140
15.0
180
18.5
19.5
200 !

tJ

— e e e -, e e e

REC 2> 20 h/Mbbl

Inkibitor F

iy i 3

35 3 H REC 3§ [b/Mbbl
4.0 3 !

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

i
S-hr tests per Froposed MiL-1-2501 7C using distilled water
Concn, Number of tests Remarks
R ib/Mbbl [ ‘Pass 1 Questionable I'Far ma »
| Inhibitor G gE
E: . 2.0 | 2
- 25 2 ! | REC2.51b/Mbbl .
30 2 1
35 1
i Inhibitor H
" 1.5 1
2.0 3
2.5 1 3
3.0 2 1 REC 3.0 lb/Mbb! :
3.5 | 1 ;
The repeatability of the test is-evidently inadequate to differentiate 0.5 1b/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 be pinpoinced. Further ambiguity is introduced by the occasional “random™
results that are encountered, particularly passes at ~oncentrations far below the apparent REC. L
REC data from two other sources are compared with the SwRI data in the following tabulation: "
SwRI Lab 2 Manutacturer i
¢
A 4.5 30 R
B 3.0 S0 P -
C 5.5 45 7.0 ‘ i
D >18 KR 1
E >20 4.5
F 3.8 38 4.0
G 2.8 28 43
H 30 20 3s

b}

Vor the four nhibrtors checked by Lab 2. cach REC was withun 1.0 Jb/Mbbl of the coiresponding vatue
deternuned by SwRI. The manufacturers’ data were ublained in S-howr sea-water tests, whereas the SWRI and Lab 2
dats were oblained in S-hour distilled-water tests. The mandacturers’ data were mostly in egreement with the
others. Notable exceptions were intubitors D and k. where our results indicate twlures even at 1820 1/Mbbland the :
menulacturers’ results wdicate satisiactory results at 3545 b/Mbbl This may be merely g reflection of the R -
fitference in test water. or other factors may enter in 11 i noteworthy that mbhibitors D and b oare the only two e I
“he group with poor solubility mnsooctane.

The poot repeatability of the test rexults i3 no doubt the cnd product of 4 geeat many lactons Some of the
weak pomts of the present test method and equivraent that are thought to o atitbute (o the imprecsions are s

‘ullews:

L I xact placement of stiirers and control of stirer wabble 13 ditficult i oldes eawemiant this could lead
to difterences 1 the dispersion of the water m ditferent beaker during i test

St




#®  The tepered groove in he 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 10 cling more easiiy to the
angled specimen surface.

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

®  The specimen, after poiishing, ‘s merely wiped with a paper towel and then plzced in tesi. We feel that a
specimen washing procedure should be ir.cluded to remove possible contaminants at this point.

o  The method of preparing the corrosion inhibitor blends is not specified. In this luborutory. a fresh
concentrate of each corrosion inhibitor was prepared on the same day the firal blends were piepared and
tested. With inhibitors D and E, the concentrates (1000 1b/Mbbl in depolarized isooctanc) wers cloudy.
Thus, partial insolubility of the inhibitor in the final test blends is a 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 ml of water is a
source of additional operator vari bility and may not reflect field usetulness of the inhibitor.

] Most critical of all the method weaknesses is the dependence on specinien rating judgment of the
operator. Type and intensity 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 the angles of
observation of the specimen and the visual acuity of the cbserver. Many of the tests which were rated as
questionable were cases where a technician with sharp eyesight could count more than six rust spots,
while another rater with less acute eyesight could not detect thic many spots and in many cases could
not see any rust at ail. Often the pinpoint sized spots are grouped very closely. so that 4 question arises
as to whether the grouping should be considered one or several spots.

Several of the above weaknesses were given preliminary investigation. Machining out the groove on the cover
plat> to remove the taper led to a more stable cover and specimen positioning.

On several occasions, specimens were subjected to thorough cleanup after polishing. This cleanup was designed
1o 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 the specimen with a towel wetted with toluene. vapor-
degreasing over boiling toluene. dipping in boiling methanol. and again vapor-degreasing vver toluene. O tiese
specitic occasions. ao significant differences were noted bhetween the rusting of degreased and nondegreased speci-
mens. However, we believe that the lack of any adequate cleanup procedure in the standard ‘est does iniroduce 4
random source of error that may contribute to the random passes and failures that are encountered.

Corrosioy inhibitors 1 and E weie run in a test solution consisting of’ 20%- toluene. 807 isvoctane, to attempt
‘to overcome the tnsoiubility of these inhibitors in pure isooctane. Concentiated sofutions of these ishibitors (1000
Ib/Mbbl) in this mixture were still slightly cloudy but less cloudy than when pure isouctune was used. Results of the
corroston tests in this solution were identical to those Gblained with the pure isooctane test solution,

Corrosion ishibitor D was carried though the test procedure with the water extraction step cnutted. Onussion
of this step resulted in 2 definite improvement of the coirusion inhibiting prope cs of this inhibitor, as noted in
Table 23. By the regular procedure, concentrations of 18-2) 1b/Mbbl were required Lo given passing resuilts when the
water 2xtraction was omitted, cuncentrations sbove o 1b/Mbbl gave fairly consistent passing results. The original
objective for the inclusion of the wotcr extraction step 1n the test was to guard aganst qualification of matenals that
are preferentinlly water-soluble, since such materials would leave the fuel during field storage under normal “wet”
conditons. In the test, the water!fuel ratio in the extraction siep 15 1710, and it niay be argued that ths s unduly
high in terms of service conditions. Certuinly it dues not reflect the situations in which a corroston inhibitor i
une-injected during pipeline vperativns. The investigation of the performance of corrusion inhibitor D without the
wiler extraction was necessary because this mnhibitor is repurted (o be highly effecuve in pipehine protection at levels
v’ 48 Bo/Mbbl. Since the goal of this test is to ierflect the effectiveness of the corrosion infdbiios under actual
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conditions of use, elimination of the water extractiun step mzy be justified. The effect of eliminating this step on
the test performance of the other seven inhibitors has not yet basn investigated.

Improvement of the accuracy of rating specimens may weil depend upon replacing the visual rating with a
quantitative chemical method for measuring ihie total corrosion of the specimen. With the small amounts of
corresiun present at the “pass-fail” point. development of a practical rating method would be difficult and would
entail a long-range effort, with no rea! assurance of succzss.

The variables indicated above in the corrosion test procedure are numesous, and we believe that improvement
of the test procedure would involve a long-term effort. The rusting test in its original application to-turbine oils has
given severe difficulties with poor precision, and its application to fuel corrosion isthibitors merely compounds the
difficulties. It has not yet been decided whether a long-range improvement program will be undertaken.

3. MAXIMUM ALLOWABLE CONCEMTRATION

The maximum allowable concentration: is specified in the proposed MiL-I-25017C. p~-agraph 3.6, as the
lowest concentration established by the following criteria:

* Twenty pounds of finished corrosion inhibitor per 1000 bhi of fuel.

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

. 10
] pounds of finished corrosion inhibitor per 1000 bbl of fuel.
(percent ash of corresion inhibitor)

®  The ccncentsition, in pounds of finished corrosiun inhibitor per 1000 bbl of fael, which will give a
minimum Water Separation Index Modified of 70 (Method 3256 of Federal Test Method Standard No.
791 using 85% olume Bayol R-34 and 15% toluene).

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

Ash content was a limiting factor in
only one case (Inhibitor B). Two differ- TABLE 24. MAXIMUM ALLOWABLE CONCENTRATIONS
ent samples gave average ash coatents of OF CORROSION INH!'BITORS
099 and 0.80% respectively. The lower
result was obtained with a newer sample.

The proposed MIL-1-25017C specifies an ((,‘ormsion Maximun: allowable conen, tb/Mbbl
ash deternination using ASTM Method D mhibitor | SwRIresult | Reported by manulacturer WSiM
48 with a Vycor crucible. MI1L-1-250178 » e
has specitied ASTM Method D x74 A |2 2 o8.72.85
(suftated ash). B lu-t .+ 12 63,9094
C 20 - T4
Corrosion infubitor H contams sig- b 20 74.70 81
ndicant amounts of phosphorus, and i 3 RUJ 96
has been pomted out that such vioducts F K - 7177
will attack the Vycor crucibles i the G e 10 av.7v
ashing proceduie. leading to poor tepeata H 12} 4 73
bility as well as high resulits. The use ot a : k
platinum cructble has been recommended *Limiced by Water Sepatation Indes Modified (WSIM). which is befow 70 at
to elimnate these problems dn the case highet conventrations of idubitor
) Flamnted by ash content ol O BU% on pew sample, 0597 on older anmipie
of Inhibitor H. we obtained ash content {Limsted by 4 times roletnu. offes five comentration
of 038 and U.54% 10 Vycour dishes andd
0001 and 0.002% m platinum dishes.

P

.

NI

T RN

T




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. SOLUBILITY AND COMPATIBILITY TESTS

Each of the corrosion inhibitors was tested in JP-4 fuel only; the tess with the specified gasolines were
omitted. Each inhibitor was blended at its maximum aliowable 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 observed at these concentraticus. However,
concentrated solutions (1000 1b/Mbbl) of Inhibitor E wete slightly cloudy. Inhibitor D, which gave cloudy con-
sentrates in isooctane or isooctane/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 the end of 24 hours indicated no precipitation. cloudi-
ness or other evidence of noncompat:bility.

Both the compatibility and solubility tests are of limited value, since they indicate only gross solubility or
compatibility problems. At the maximum allowable concentration, the solutions contain, at mest. 57 mg/liter (20
Jo/Mbbl). In our experience, a fairly large percentage of the inhibitor present would need to precipitate before the
insolubility would be apparent. Thus the tests would indicate only mgjor 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 resuits 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 158°F.

Specific graviiies, 60/60°F  ranged frera ©.571 to 0.962.

Neutrahzation numbers were d:otenvuncd using ASTM Method D 974, a colur-indicator titration. ASTM
Method D 664, a potenticmetni titraiiun, gave peor milection points with certain inhibitors: other difficulties i
testing indicated that the method is not sunabl: withow ~daptation. By D 974 neutralizaiion numbers (myg KOH

per g) ranged from 54.9 to 161 for the eyghtinhibiiors.

Infraizd spectra werc obtained using a film of the inhibitor between Kr plates. These huve been tiled i vu
L.horatory tor fiture use in wentification prohlems

6. CONCLUSIONS

The rusting test as presently ton (S hours with distdied water) does nut give results of sufhicient repestamiits

to define refative effective concentrations, The two major difficulbies appear o be partal nslubility of ceatan

inhibiters in the test sulvent and problems in rating the extent of rusting

Future work in the area will be directed toward filling i the gaps in the present data for passible use i 4
gualificuion program Further investigation of the tust test vanables and precisivu impiovement may abu be

pursued
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SECTION:V
‘FUEL AND LUBRICANT ANALYS!S

1. GEMERAL

Contractual effort in the general arca of -fuel and-lubricant analysis includes a'long-term program in develop-
ment of gas chromatographic techniques for lubricant wnalysis, a variety of short-term projects on specific methods
of fuel inspection and analysis, and analytical.services in.suppori of other activities within the:SwRI contract and
in-house activities of the Propulsion Laboraiory. Here we will discuss only the analytical work that is of independent
interest.

2.  LUBRICANT ANALYSIS

Operating parameters for the gas chromatographic *‘fingerprinting” of .5 athetic lubricants have been stan-
dardized. Using these counditions, it is possiblc:to cifferentiate and identify the engine turbing oils currently in use.
The conditions used oroduce fair resolution of the individual esters of which the Jubricants are compounded.

The instrument which has been used for the bulk.of this work is a:VarianModel 1520 Gas Chromatograph
equipped with dual columns and flame jonization deiectors. Of the liquid phasecthus far examined, OV-17 has been
found to be the best chnice. Few liquid phases are stable at themnaximum temperatures of 300-320°C which are
required to give good elution of the high boiling esters used.in the synthetic lubricants.:Of such'liquids, OV:17
appears to nrevide the best compromise for resolution of :the wide range of compounds involved(6:7) “The column
description and instrument operating parameters are tabulated below:

Columu: Tubing - 17 ft X 1/8 in..0.D. stainless steel
-Solid suppor: --50-60 mesh Gas Chrom Z
Liquid phase - 2% OV:17 4+ 0:1% Atpet 80
.Carrier gas flow rate - 20 ml/min helium

Detector: ‘Flame:Ionization - 20 1nl/min hydrogen
200-300 ml/rmin air
Temperatures: ‘Injector - 310°C
Detector - 220°C
Column - -programmed 240°to 320° at a rate of

:10°C/min, isothermal at 320°C to total
analysis {ime of 20-35 minutes.

Sample: 0:10to 0.30 microliter of the lubricant
injected direcily on column.

The “fingerprint” gas chromatographic scans obtained by-the above procedure:-have ‘been of use in solving a
variety of problems. Typical of these are: (a) proving contamination and identifying the contaminant in engine tests
of individual lubricants; (b) monitoring batch-to-batch-variation of the chemical comgposition of qualified lubricants,
then using this as a basis for deciding which physical-tests are of most.importance for quality control; (c) identifying
which lubricants are present in engines which:fail or encounter-problems; and.(d) determining which lubricants are
responsible-for building v:p de posits or loosening vreviously.deposited residues.

Although -the method has not -becn developed :to-the -point .where quantitative determination of individual
compounds in the formulation can be made, it.is presently of use for semiquantitative 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.
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Future work is planned ir: the areas of lurther tmproving resolution, quantitatively determining individual
compounds in the formulations, and correlating ch«mical composition with physical properties. Purification of

- TABLE 25. RESULTS OF FLASH POINT

DETERMINATIONS
| Vol % Fsll | -TCC flash point, °F __|PMCC flash point, °F
Blended Detd | Individual | Average] Individual | Average
PF-1A fuel
0.00 - H1172,173 172 182,12 182
005 | -~ |168,168,169 | 168 178,178 1178
0.10 - 165,167,167 166 174,174 174
0.15 |0.140 }162,162,16S 163 170,172 171
_ 165,162
0.30 - 154,154,154 154 158,158 158
JP-5 fuel
000 | — [150,149,50 | 150 | 156156 |16
150,149
005 | .— [151,150,151 | 151 158,158 | 158
0.10 — 148,148,149 148 156,156 ~ 1156
0.15 {0,147 {14%,145,148 147 154,154 154
147
.30 - 140,141,140 14¢ 146,148 | 147
JP-8 fuel :
0.00 e 107,108,108 103 108,110 109
0.05 - 108,109,108 108 108,108 108
0.10 - 107,107,105 106 106,106 106
0.15 10.146 ]105,105,105 105 104,106 105
0.30 e 105,104,105 105 104,102 103
J

e

‘o 0.0 ¢.10 0.15 "020 0.23 030
Vol %P8l

individual _esters using preparative scale gas chro-
matography may be necessaiy to obtain pure
standards for use in this swdy, and preliminary
work has been done in this ares.

-Other areas of -preliminary investigations are
{a) -the use of a solid sample injector to identify
solid deposits fromn lubricants and (b) ‘the use of
infrared spectroscopy to measure the degradation of
lubricants.

3. FLASHPOINT.INVESTIGATIONS

JAn investigation .was -conducted to determine
the ‘lowering of -the :flash point of .various fuels by
‘the :addition of -fuel system icing inhibitor (FSIl) in
.zmounts up -io 0.30% :(vol). The FSIl was current
*MIL-1-27686D -material consisting  of 99.60% (vol)
2-methoxyethanol and 0.4C% .(vol) glycerin. The
-amonnt . of *FSII in -the 0.15% sample of .each .fuei
was - determined -by dichromate titration (FTMS-791a.
*Method 5327:3) .Flash points ~were determined in
saccordance -with ‘ASTM D -56-64, Tag :Closed - Cup
*Method ; (TCC) .and ASTM D :93.66, Pensky-Martens
‘Method :(PMCC). ‘All details of these -procedures
awere ‘followed closely. :In particular, the tests were
cconducted :in a draft-shielded urea in a room with
-the -ventilating .system -shut - off .at the time the test
was .actually it process. Heating rates were con-
-trolled closely. In :the Pcnsky-Martens -tests, the
-stirrec -rotation was directed to give downward cir-
culation of -the -test :fuel. Thermometers were cross-
checked :for .accuracy. Barometric corrections for
-flash -points were found to be negligible.

‘All -fuel used .in this study was obtained from
JAir tForce supply stored at Area (B, Wright-Patterson
‘AFB. Complete inepection test -results -anc storage
‘records were -not _available. The three fuels were
PF:14, JP-5, and /IP-8.

“The -flash point ‘test results .are summarized
:in Table 25 and :Figure 3. These .data . demonstrate
2 lowering .of flash -point with  incressing con-
centrations -of :FSIHl :for all :three fuels. As :would

I'GURE 8. EFFECT OF FSII ON:FUEL FLASH POINT 'be expected, -the effect of the 'FSII is very
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pionounced with the high-flash PF-1A fuel, less -prouounced with the otl :r, loweralash fuels. Based on
the plots, the FSII at the maximum use-concentration (0.15%) lowers the iimsh point aboul 10-12°F for
the PF-1A, 4°F for JP-5, and 2°F for JP-8.

The repeatability was gererally within ASTM stated limits, j.e., Cuplicate results 5y the same operator. agrﬂed
within 2°F for the Tag Closed Cup Method and within 4%F for the Pens! <y-Martens:Method; however, occasional 3°
differences were noted by the same operator using the,Iag,Method “Two cperators were used in gathering the Tag
data.

The flash point of the FSi! itself was found to be 106%F by the Tag Closed Cup Method. The data reported
here on JP-8 blends suggest a lower flash-point for the-F5I1-Howeve:, little significance can be attached to the small
effects, which were generally within the repeatability precision limits of the test methods.

For the PF-14.and JP-5 fuels, flash points determined by. the Pensky-Martens:method were significantly higher
(4 10°F) than those determined by the Tag methad. Good agreement bet'ween the two methnds was found with
*5-8, i.e., at a Jower fevel of flash point.The tendency toward higher-results with the Pensky-Martens method is
apparently quite general, especially for the less volatile fusls. We:believe that the most likely scurce of this difference
is the more rapid heating rate used in the Pensky-Martens method, 102F/min vs 27F/min in the Tag method. The
faster heating rate does not allow sufficient time for the vapor-phase to.approach equilibriumi; thus, the temnperature
“overshoots” and the ohserved flash point is higher than it-would be.at.a lowzr rate of heating,

It should be pointed out that neither of these methods measures a-tree “‘equilibrium” flash point, since each
method involves a finite rate of heating and -periodic -venting of -the vapor -space wlhiile the test flame is applied.
Therefore, one cannot say that either methed is more “‘corract” than the cther.

A. DETERMINATION OF OXYGEN CONTENT OF-FUELS

Oxygen determinations on fuels have been performed in support of Air'Force studies involving the Advanced
Aircraft Fuel System Simulator Rig.at Wright-Patterson ‘AFB. The-Simulator-Rig was originally designed and tested
by North American Aviation to test fuel stability under simulated flight conditions. The significance of the oxvgen
contents of JP-5 fuel in this test system has been discussed in-reports by North American concerniry this test
ng( . Our work lias been performed on JP-7 fuels which.were investigated in more- recent test series in the
Sxmulator Rig.

‘The method uscd for the determination of oxygen is.a-gas chromatographic method originally adapted from a
Phillips Petroleum Company method. (10)

The method presently used -employs.a Cenco’Mode] 70130 Vapor Phase Analyzer equipped with a thermal
conductivity detector art operated wiih the oven at.ambient temperature.-A-5 ft X 0.25 in. copper column packed
with 13X molecular sieve is employed for the separation. An-8-in. precolumn filied with the same packing is irstalled
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 the carrier gas at 10 psig inlet pressure.
The oxygen response is calibrated by injecting.a 20-microliter .air sample before and after each ten fuel injections;
this is equivalent to 5.6 »micrograms of oxygen. Fuel.samples. of 40 microliters are injecte<, making at least two
de’erminations on each sample. The oxygen content is calculaled.as follows:

thy 5.6
Oxygen, ppm by wei f=— X ——
ygen, ppm by weigh b AXB

where
k. = height of sample peak
h, = height of air peak
A = specific gravity of fuel sample
B = size of fuel sample in m/
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TFhe use of air-ssturated hexane as a calibration standard (rather than air) was investigated, since we believed
. that day-to-day varintions in the chromatographic re.ponse to oxygen might be better compensated by using c
- walibration standard more similar to the fuei samples. Comparison of the day-to-dav variations produced by the two
" ‘methods of calibrat-on indicated that no advantage was gained by using hexane.

The results of the oxygen determinations for the JP-7 fuc! tested in the simulaty duing June 1969 are
summarized in Tatle 26.

TABLE 26. OXYGLN ANALYSIS OF JP-7 FUEL FROM SIMULATOR

Ox) gen contents in ppm (wt)

-
Test lm;:::mg Start cm_ise, End cnm_e, Prak Air-'n.tm'aleq hexane
no. t=0 n;in‘ t =25 min* t = 120 min* descent® | Initial | Final

3 4 5 6 7 |4 5 6 7 7 valuet | value

8.093 67 14 15 13 13 |10 8 10 8 4 1'8 116

8.095 67 4 11 11 1279 9 8 7 <2 12 120

8.097 54 0 10 10 917 6 8 7 <2 49 105

8.099 80 14 13 13 13]6 6 » 10 <2 110 107

8.10! 61 10 12 11 3 7 13 7 6 <2 116 ty

8.104 12 15 13 15 I8 6 7 12 16 .3 115 122

8.108 54 2 11 14 11 8 9 7 7 <2 109 121

8.110 66 14 18 15 17 5 7 19 1 4 122 122

8112 S0 i1 1f7To9 7 6 <« lte | 124

8.114 48 15 13 13 17 |13 7 9 10 <2 124 124

8.116 59 1 N 1 VN B T 3 7 7 71 <2 127 127

B.118 52 14 13 12 11 7 7 9 8 <2 117 120

¥.120 63 1S 14 15 13 8 10 1S b <2 115 12

8.124 54 ¢ v g 0|6 & 9 7 <2 ' 125

812 S6 it 1 49 9 7 S S a <2 1Y) | 120

Average 6l D A T S B T TR AR

_ 1 B

*Nusmibets in whhvading represent sive aumbers ‘

tiretial value of injéction with inconung fur! !

The “woming fue!” sampic 15 expected o be nearhy asaturated The fairly large vanation in the Jay tauday
uvhygent <onient s larger than would be exgected sad retlects the error mnherent 1 the prosent oxygen amphay
procedure and the mathad of detreminatiun The decreasing oxygen contents with wiorcanmng tempersture anid time
n she wmulator 1@ aee reflected By the data Full doacnsron of the tesanns lir the decrease i1 contamne:! in the
references!® V) explaning the test iy s

The prerent method tor o lermemag oxypen oeeds improveinent to arease s rypeatabiltty and accuray
Speoific areas we plan fo investigate ste unproverwnt of the samahing devive and redesgn of the chivmstograph
ieciion pirt to give better atommation of the fur: amples

6. FUEL ADDITIVES

Support work has been provided for vanous mvestgations of fuel additives Some of these are ducmsed 1n ihe
sechians of this teport concerned with fue! dabeiily and corrosion wdubetors




.

Figld problems with aircre®. fuel pump failures prompted 2n investigation of ome cf the presently qualified
{4el corrosion inhibitors, 10 determine whether precipitation of insoluble material or-seaction with metals of- the

pump could be contributing to the failures. Only preliminary findings are svailable Reactivily of ths corrogion

inhibitor with lead has been demonstraed, and the limits of solubility are being dofined. Thus far, no clear relation
can be established between inhibitor behavior and pump failure. Work is continuing in this acea.

One of our goals in the area of fuel additives is to adapt or develop quantitative methods for deiermining
concentratior:s of the most commonly used fuel additives.

A meihod fosr determining DuPont AFA-1 corrosion inhibitor in fus. has been adapted from DuPont
Petrolenm Laboratory Method No. G42-65 for phosphorus in gasoline. Up to 10 ml of fuel is ignited in the presence
of zinc oxide to destrey all organic materisl. The samplc is tien dissolved in sulfuric acid and reacted with
ammonium molybdate and hydiazine sulfate. The absorbance of the resuiting “‘molybdenum biue”-phosphorus
complex is measured in either 10 or 50 mm cells at 820 mu usiug a Beckman DK-2 spectrometer. The mcuhod was
applied to samples containing approximately 10 Ib/Mbbl concentrations ¢f AFA-1. Our data indicate that the
method sensitivity is adequate to differeniiate between | tb/Mbb! differences in concentration of AFA-1 ‘n fuel. The
method is not specific for AFA-1 but would determine any phosphorus ir: the fuel. It may be of use for determimng
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 prevision of the methods. The thiee methods investigated were
ASTM D 664, ASTM D 974, and a method developed by Esso for use cn aviation fuels based on hot titration to a
color-indicator end point.

The cooperative program involved six laboraturies. Neutralization aumber: for five jet fuel samples were
deterruned by each of the ihree methods and by each of two operators at individual ihoratories.

We determined repeatability and reproducibility for each sampie and each method in accordance with ASTM
definit:ons, and found that these could best be represented as fu.:ctior . of mean neutralization number. Coefficients
wese determined by linea. regression analysis. Details of the data analysis have been furnished 1o the Propulsion
tabhoratory :

The expressions der-ved {or precaion aie

Rangr
Methao, Repeatabibrty Rg;{fuduc;bﬂzty- ‘ of mean
ASTM D oot 00036 01N K UO0SI+ 0184 00040078
ASTM D VIS Q0037 + 0022 x 00017 + 0459 & 0008800
Easo QE020 ¢+ 6090 x QO3+ Q274 QoI Q0

bor zach rsethad, the cxpreasons src apphoahic oot e ragge wdicited  AlD valuesd o= in mg SOH per gram
samphe, gad X v the mean of two deiermina’ivay The repoatabihity sad repiodugibibity defimitions Jortespond @ -
the usus! ASTM dofuunons 195% coanfidence dewel), except fhe: the repeatabiliny hor s the “withurdpboestony
repeaichiltty  This seiens 10 two determinations within ' ame labovstony . without regwrd - whether the opoestor
sad appatatus were identsont tor the tw teats Thr mwihod of siating the repeatabilily was necessery because no
control ower apparstes or tine of seanteg the deterrinations was specified Tor thu progam The “within
ishanstory” repeatsiility w atiowed in ASTM precaton statements, provided it s clearl . identified 2 such
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Using these expressions for precision, the following are obtained for a mean neuiralization nuniber value of
0.015.

Method Repeatability Reprod scibility
ASTM D 664 0.0055 0.0076
ASTM D974 0.0042 0.0084
Esso 0.0034 0.0052

At thig level, the Essc method is somewhat more precise than either of the ASTM methods. The Esso method
shows the best precision of the three methods up to neutralization numbers of about 0.030.

It should also be noted that the Esso method gives values that are significantly lower than those obtained by
the other two methods. This is illustrated by the following tabulation of over-all mean values:

Sample
Method A B C D_ _E
ASTM D 664 0.017 0.004 0.015 0.019 C.078
ASTM D974 0.021 0.004 0.019 0.023 0.092
Esso 0.014 0.001 0012 0.015 0.067

Previous analysis of these same data (by a previous contractor) had indicated that these differences in values
frox different test methods were highly sigrificant. Such diffecences should be taken into account iri 2stublishing
specification limits. For uxample, 11 the Esso method were used for specification purposes, the specifiLa: on limit
shoul¢ be lower than it would be with either cf the other two test methods.

If a choice among the three methods for specification purposes were bzsed entirely on precision, the Esso
method would be preferred. However, that method appears to be more cumboersome than the other iwo methods,
since the sample/solvent mixture must be refluxed curing the determination. Also, the mere fact that it is a new
method, with different apparatus, would create certain problems during its introduction. Unless the slighily betier
precision f the Esso metam were judged to be essential, one of the ASTM methods would be 2 more practicai
choice. Between the two ASTM methods, there is litile choice so far a« precision is concerned, at least within the
range of neutralization numbers up to 0.015 that is of present concern for specification purposes. The D Y74
method is surprisingly good in repeatability, possibly because the operatcrs within a single laboratory tend to arrive
at 3 common interpretation of end-point color change. Its reproducibility is relatively poor. especially in the higher
1zage of values.

One factor, unrelated to the data analysis, limits the general applicability of the data. The couperative program
was conducted with blends of one material (naphthenic acids) at ditfcrent concentration levels in a refined fuel base
stock. Therefore, any conclusions from analysis of thece data must refer soiely to tuis particular acidic material; the
conclusions ere ao! nrcessarily correct for other materisls. Within the general class of naphthenic acids that may be
found in jei fuels, there is ennugh variation in molecuisr weight snd siructure that the titration behavior in 3
pectralization number determination must surely be affected. Cther acidic fuel constituents may be rxpected to give

an entirely different titration behavic:. Precition data developed on b%ends of a2 siagle acidic material cannot b
presumied to be correct for all fuels, nor even fo most fuels.

This is not an casy prablem to resolve. The e of “practical™ fuels in & ¢ soperstive program in this case JF4
. fuels, would encounter difficulty with timewice variations in the :amples thesmuelves, Knce the average jet fuel
tepresents s constantly changing systom. Newrtheless, some che:k tests thould be made on practical fuels to
" determine whether the precision defined in the crope.ative program will De realized ie actus! use of the methud
selecied. In any precision studies invoiving pmncd fuels, stnct ccmml of smple .andling and testing wcheduwe will
be svential.
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An alternative approach would be to select several acidic materials representing different chemical classes and
molecular weignts, and to check the test methods on blends of the . materials in a refined base stock.

Neither of these approaches is 100% astisfactory, since there is no guarantee of covering the range of acid
compositions that will be encountered in practice. However, either apprasch would put the precision data on 2
firmer besis than presently exists.
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SECTION VI
OPTICAL TECHIHOUES FOR CHEMICAL AHALYSBIS

This phuse of the program is directed toward the investigation of various optical technigue: for possible
spplication in anddysis of fuels and lubricants. The techniques under consideration eirtier have not been used
previously in such applications, or have not been fuily expiored. Primary consideration has been given t0 techniques
based on the Kerr and Faraday offects, fluorescence, and phosphorescence.

During the first vear of effort in this program, theoretical avd experimental studies have been made of the
Kerr effect phase shift to determine its possibilities for use in characierizing molecular size and shucture. The Kerr
effect is the anisotropic optical behavior induced it 2 normally isotropic substance by the application of an electric
field. Wheu the vlectric ficid is aliemating 2t 2 sufficiendy bigh requency, there will be a time lag belween the
applied potentisl and the observed optical behayinr, because of the £aite time required for inolecular recrientation.
Such time lags or phase shifts may be used ar a measure of molecular inertia and, in the case of solutions, of
interaction: between solute-solsent molecules.

In order to explore this tochnique, it was necessary to design and construct a breadboard device to measure
phase shifts between the applied field and the observed optical bekavior at frequencies from 200 Hz to 100 kiiz.
This device was then used to nxasure the eritical frequencies of certain polymeric moulecules and elso materials that
are cnmponents of commercial ester lubricar® formelations. A new specirometer has been designed to extend the
measurements to frequencies on the order of 1 MHz, so that a wider range of molecular sizes and struciures can be
explored. :

in the megrntime, equations doscribing the Kerr response curve of mixtures have oeen derived. Some nuaerical
tests of the simpie analysis procedures kave deen compared with the results of these equations. an¢ derivanve spectra
for representative mixtures have been obtained.

This work is described in detail in a separate Technical Report (1 1)

Although the Kerr-effect approach appears promising, it is obvious that auch more exploratory vork nseds to
be performed before the technigue can become generally usefnl a« an ar-iy*icz' ton!. Hence, fuithar work on the
kerr effect has been deferred ia favor of an investigation of fluorescence and phosphorsscence shec rz of fuel and
lubricant compeneats. The staie of the art in fluorescence and phosphorescence spectrometry is weil advanced, and
application to specific probiems in fuel and lubncant analysss 1s 2 matter uf developn.ent sather than exploratory
research.
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SECTION Vi

TURBINE ENGINE INSTRUMENTATION AND CONTROL

This phase of the over-all program is concerned with the devélopment and evaiuation of improved instrumenta-
tion fer engine control.

Duting the first year of this contract, effort has been conpentrated on developing flow instrumentation for

|
¥ - compressors, and particularly on developing and evalusting saproved sensors, mmm 10 date in this field
| are described in a separate Technical Report {12

|

}

The next phzse in the contractual effort will be the application of the mt.rmmm that has been developed
in actual control loops.
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SECTION Vil
FIRE AND £XPLOSION DETECTION

The detection of fire and explosion in flight vehicles requires the development of sensors that will operate
relibly under environmental extremes. Test circuits have been designed and constructed for evaluation of solid-state
} and gas type ultraviolet fire detectors, incleding many newly developed and contractor-developed items. Evaluations
T are based on spectral sensitivity analysis. High-intensity deuterium, mercury and quartz light sources are usz2d to
measure the wavelength range of the sensors.

The detectoss have been evaluated at temperatures up to 500°F, measuring the frequency and sensor output
voltage under vatious test conditions. Test results, discussion, and comparison of the various detectors have been
presented in an informal report (SwWRI Letter Report Ne. 17, 29 January 70).

It is planned to continue the evaluation of detectors of both optical and electrical type, and further to carry

this througi: to the design, construction, and evaluation of electronic prototype modules for fire detection
equipment.
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SECTION 1X
IFORMATION RETRIEVAL SYSTEM

Asa part of the overall program, SwRI is operating sod expanding 2 retrieval system for dioouments pertaiging

to serospace fusls, lubrication, hazards, and salated topics. This system was dewdoped by 2 peevious canitactar a8 2
logicdl means for utilizing conveniently the valumioous collection of technical litarsture acornutiated by the (then)
Fuels and Lubricants Branch of the Aaro Propulsion Liaboratary. The intent of she system was to proside the
- interestod engineering staff and ot.er autharized groupe with ragid servioe in the setsiovdl of documents ar groups of
documents flled in the system. Ip addition, the information system weutld slintinade il .of the timeconsuming

difficulties that arise when each engineer is required to maitrtain his own reference sud information matedisl. A2

siesent, the system haldings consist of some 7000 decuments, and of these approximately 1500 ase on micreform.

The Concept Coordination principle forms the basis for the information settioval system. Bvery document ig
the system is assigned an acuession number, and through use of a punch card system (Royal Keydex). ahich selates
index terms and key words with accession nuntber, any group of decuments having a common s#lationship can be
retrieved readily. Also, a title index and author index of all haidings allow the direct secovery of specific documants.

This existing information retrieval system was turned over to SwiR, who then became responaibile for keepieg
the aystem current and operating successfully. This extensive crosssefesence rettiewal syrtem is compeised of dach-
nical informatior related 10 fuels, sbwicauts, and hacards. Technicsl seports it the subject areas make up tie major
partion of the system’s documenis, bit journal articles which hawe siguificant relation to the suhjact aseas are sfiso
includled. Boaks were not considesed for incorporatian in the information sysiem.

Sanitial operation of the infarmation retrievs] system by BwRI was not without diffinity, since only wery
liraited consultatian with the organization that established the systerm war possible. Significant amounts of tite had
10 be apent in dealing with the various hundling problems that were unique to the system. Fowever, during this
period, effective utilization of the system by Air Force and other authorized personnel was maintained.

Several arcas of the information syitem’s operstian required immediste atiention. Prior to Swiki assuming
responsibility for the system, 2 lorge number of documents had accumulated; theae required abstracting, catsloging, -
? and incorporstion into the crossseference files. Onoe the appropriste handling of this document backlog was
accomplizhed, it became 2 routine operation to absorb sdditionsl documents into the system s thess became
avaliable. SwRi continved to use the batic methods of document handling instituted by the originators of the
retricval system, since these methods were standard techniques and found to be functiona! and extisfactory . it wss
found that the documents relating to lubricants and lubrication were being housed apert from the rest of the systom
haldings, and thet the soguisition numbers satigned 10 these docuraents were of nc value in locating a specific
document, since the lubricants reports were being arhitranily filed by the company or agency which had performed
the work. Therefore the job of contralizing all system holdings in one Joacatioe snd filing lubricants documents by
scquisition oumber was undertaken and accomplished. This resulted in & {er more efficisnt and effective handiing of
lubricants documents, and retrioval of these documents became 2 rapid and straightforward matter.

Foliowing the sagistration of the SwRI contract with DIC, the three sregr of jotarest were expanded with
porticuler emphasis being given 1o hazasds studies. Owsr longdecm operstiun, this cxprasion will result in » more
 Bacsue the iformtion retrieal tystem contaies clemified docurits up 10 sed Mchdng Seciet, certak
security prooadusss had 10 be estsblished. Thear hawe buae warked out 50 that persons autharised access can obviaio

Gocuments sxpoditiontly. st the seene tiser chesrving o applicobds security iaguistions sad reistaining. proper

fn crder 10 acoamplioh the purpose of the iformation retrieval system, 1 continuous wnd delniled review &
med of tacheical litaratwee in the acess of interent, sad Home documents found partisnst s requestiad promptly
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Also, gince much of the technical materigl is:-now available only on microform, facilities include conveniently located
microfilm and microfiche readess and printers for users of the retrievdl system. In cases where a specific document
tleaited is not in the information system, immetliate ataps are taken-to obtain the document. Over the past year, the
acquisition tate has averagad about 15 dosuments per month.

Some oxpansion temains to be accomplished i.. u.. cov ge, particulerlv in the hazards area. When this has
‘heen completed, it is plannet to examine the input procedures on U:S. and foreign journa! articles, and possibly to
entlarge the input from theae sources. No changes in-the basic system are contemplated.




APPENDIX

3.  REQUIREMENTS

3.1 Qualification. The corrosion irhibitor furnished under this specification shall be a product which has
been tested, and has passed the qualificalion tests specified herein, and has been listed on or approved for listing on
the applicable qualified products list.

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

3.3 Sclubility. The maximum allowable concentration of corrosion juhibitor, as defined in 3.6, shall be
readily and completely soluble in all grades of automotive and aircraft engine fuels conforming to Specifications
VV-G-76, MIL-G-305¢, and MIL-T-5624 when tested as specified in 4.6.1.

3.4 Compatibility. The corrosion inhibitor shall be completely compauible with all corrosion inhibitors pre-
viously qualified under this specification when tested as specified in 4.6.2.

3.5 Relative effective concentration. The relative effective concentration of corrosion inhtbitor for automo-
tive and aircraft engine fuels shall be determined in accordance with 4.6.3.

3.6 Maximum allowable concentration. The maximum allowable concenteation for use in automotive and
aircaft engine fuels shall be the iowest concentration established by the following procedures:

(a) Twenty pounds of finished corrasion inhibitor per 1000 bbis of fuel.

(b) Four times the relative effective concentration in pounds of finished cortosion inhibitor per 1000
bbis of fuel.

{c) - 10 pounds of finished corrosion inhibitor per 1000 bbis of fuel.
(percent ash of corrosion inhibitor) _ _

(d) The cuncentration, in pounds of finished corrosion inhibitor per 1000 bbls of fuel, which will give
@ minimum Water Separation Index Modified of 70 when determined in accordance with 4.6 4.

The maxjmum aliowable concentration shall be equal 1o or greater than the relative effective concentrativn

37 Ash. The ash content of the corrosion inhibitor thall be determined & specified in 4.6.5. For acceptance
tests, the ash costent shall pot vary by mwee than |5 percent for thuse products having a qualification toat velue of
0 10 percent ur greater por by mare than 26,02 percent ath content for products having qualifica’ior test wwlues len
than 0 10 perceat. ' ' :

18 Four poane The pour pomt of the Tinushed corroson inhibitor shall be U°F maxismum wien determmned o .

spectfied in d o6

319 dwormft engine sests. The finshed cotronion aiftbitar when tatiad ol concentration of four titvies the

relative effechive concentration 1n s representative ot fuel mevting the reguirements of Specification ML-T-5624

Grade JP4, shali not ad' - wly affect the arrcraft engene after 100 hours operstion when tested as specified m €6 7

&7
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Any malfunction in 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 finished 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 concerning test methods) The supplier will be permitted to select
individual property ranges to allow for manufacturing tolerances, The ranges aelectud shall not adversely affect any
of the ichibitor performance ckazacteristics such as relative effective concentration and Water Separation Index
Modified. :

3.11 Workmanship. The finisher product in bulk ot container shail be unifornrin appearance and visuativ free
from grit, undissolved water, or vther adulteration. The material shall bave no zdverse effect on the health of
personne! when used for its intended purpose. Zvidence to this effect shall be subject to review by departmental
medical authority.(see 6.3).

L B B ]

A5 Tesi methods.

4.6.1 Solubility. The maximum allowable concentration of corresion inhibitor shzll he mixed with fuels
conforming to Specifications VV.G-76, MIL-G-3056, and ‘MIL-T-5624. Immedictely afier mixing sud at the end of
24 hour- *he samples shall be visually inspected for precipitation, cloudiness or other evidence of insolubility.

462 Conpatibilitv. Fuel containing the maximum aflowable concentration of corresion irdhibitor shall be
mixed in equsl proportions with fuel samples containing the maximum allowable concentration of each corcosion
inhibitor proviously qualified under this specification. At the em of a 24 hour period, the sampiles shall be visually
inspected for precipitation, cloudiness, or other avidence of noncompatibility.

4:6.3 Relative effective concenration The relative effective concentration of the finished corresion inkiibitor
shall be determined by testing the inkibitor in the test fuel in increasing concentratioas of 1/2 1h/1000 bbl
incremaents (e.g., 5 1b/1000 bbl, 5.5 Ib/1007. vol, 6 Ib/1G30 bbl, etc.). No intermediate cuncentrations will be tested.
The test fuel shall conform to Specification TT-8-735, Type I (isooctane) which has ben freshly depolarized as
{ollows: :

A liter sapmeztory (Squibh) funne! is filled with Silica Gel, (GAS Chromategraphy Urade) to a height 20 cm.
above the stopcock. fsooctane is passed through this column by gravily. After one gallon hass been treated, the Silica
Gel is discarded, and the columr repucked. '

4.6.3.1 Test method. The inciorents] coneentrations of corsosion nhibitor in depolarized isooctane shall be
tested in sccordance with ASTM Method B 662, Prucedure B, with the following modifications:

(2) TYemperature of the bath shali be 100 2 I°F,
£} Test dusstion is Fve houss.
() Preliminary preparation of spindes.
(1) Remove &l nust from spindhc with either §50 or 240 grit cloth. if 150 grit is used finith with
2 new plece of clotic wnd stop motr end rub loagitudinelly with cloth. Polish with 240 grit
untll a8 roaeks from the 130 grit are emoved,

2) FMMMwmﬁf 4G gnit dnthi'r:mrm froes chuck using & clear, paper
100! and imamedintcly inrmensc i 2 heakir-of ooctane.

(@ Pace 350 mi of depolarized oocrane, ik the selecicd concentration of corrosion ishibitor
added. i 8 seperntory funne! with 35 - «f witer. No gresae or olher lubricant shalt &




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

(e) Final polishing of spindles: Remove spindie from isooctane and handle with paper towel. Fit 1
Buna N gasket onto threaded section of spindle and place in polishing chuck. Stari motor and
lightly polish with a new piece of 240 grit cloth. Move 240 cloth rapidly along axis of spindle
which will protiuce a cross-hatch pzttern on spindle. Stop motor and remove spindle from chuck.
Wipe specimen with paper towel. Immediately attach tc plastic holder and immerse into a sample
beaker in oil bath.

(f)  Arter last spindle is olaced in test beaker. let stand for 2 10 minute static soak. then start stirrers
and dynamucaly soak for 20 m:inutes. Siop stirrer motor.

(g) Add 300 ml of sea water 1o the bottom of sach sample beake: witir a hypodermic syringe.
(h) Start stirrer anc' run for S hours.
(i} At zad of Shour period remove spindles from bath and wash wiith isopropyl alcohol.
4.6.3.2 Interpretation of tzst. The selected concentration of corrosion inhibitor in isooctane shall be con-
sidered as passitg the test if less than six {6) =pots of rust Jess thar: 1 millimeter in diameter occur on the center
1-7/8 inch section of the spindle. The munimur concentration passing the test shail be calied the relative effective
cancentration.
4.6.4 Maxinwem alloweple concertraiion. The maximum concentration of finished corrosion inhibitor which
will vesult in a Water Separation Index Medified oi not less than 70 shall be determined by testing the inhibitor in
accordance with Method 3256 of Federal Test Method Standard No. 791 in a fiuid composed of 85% (vol) Bayol

R-34 and 15% toluene {reagent grade).

4.6.5 Ash. The percent ast of the curiosion inhibitor shl be determined using ASTM Method D 48 except
that a Vycor Crucible shall be used.

4.66 Potr point -Pout port shall be deternuned i gecordance with ASTM Method D97,

4.67 Awcraft engine lest. Aircraft ermnes. (vpes and models. qualitied in accordance with Specificution
MiL-E-3009 g specified by the activity resminuble for quatification, shall be emploved for conduciing th., st

3.46.7.1 Test procediese Tie test enpnes shall be subpected tu at least 100 howrs operation. under test

conditions apecified by the actimty respunsibk for qualification usng fuel contatmag Tour tmes the relstie
effertive conceniration of the finitshed cosiugion mbubitor

4.07.0 Puesserhly gesd ompection  Followng the test the engine shali e disasscmbied o1 mspeciion &
requited hy the sohivity omponshic 1o gquihiivaton

A & Idenahiontise tesl Bentifitativa tents thatl be comducted n acvordance with tess methods matgsily
agrecd upon by the menuisciure and the activity 1esponuble for quaifiaaues
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