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SECTION I

INTRODUCTION

:\ircralt lowt'red by gas turbine engines rely, for the most part. on jet fuels derived lromI
petroleum ba-ed crudes. l)ue to variations in geographical. chemical and petrochemical process
Characteri.slics, jet fl.-;i can vary in both basic physical and chemical nature. These variations,

,ome more exact than others, can impact the performance, reliability and/or maintainability of a

gas turbine engine system. To a larger extent, high performance gas turbine aircraft are also
susceptihle to fuel property variations, particularly with regard to performance, maintenance
and most importantly - mission life. Fuel propeities from a specifications requirement csn
%ar over a broad range in some instances. For example, the total chemical aromatic content can
%ary up to 25', by volume for a JP-4 fuel (MI-T-5624L). Variations of fuel specification can
lead to changes in the chemical nature and, therefore, affect the fuel's overall utility as a source
O" cotn husl iota.

Anuong the various fuel properties that. are known to affect the utility of a jet fuel
adversely. the impact of thermal stability has long maintained paramount interest. Many
sttudies and utnique apparatus have been proposed and used in an attempt to determine the
nature oft he effects of thermal stress on a jet fuel.*

This program was designed to address several specific physical and chemical characteris-
tics experimentally that are intrinsic to current Air Force jet fuels to underscore the
physicochemical nature of a fuel's carbonaceous deposit and to provide experimental evidence
for the low temperature prepyrolytic (auto-oxidation) of jet fuels by a pseudo-first-order
chemical mechanism. In addition, the effects of five current fuel additives were evaluated for
their individual effect on the rate of various fuel deposit formations. Chemical kinetic
calculations based on a pseudo-first-order mechanism were applied to a temperature versus
deposit formation and the resultant activation energies compared to those derived from active
oxygen determinations. The latter had not been attempted by any other previous research.

A unique device was designed, fabricated, and tested at the Materials Engineering and
Technology's Advanced Fuel and Lubricant lahoratory of Pratt & Whitney Aircraft's
(overnment Protucts )iv-sion io establish the maximum deposition of carbonaceous fuel
products by t hernial stresses. The experimental coking apparatus (ECA) is described in detail in
Appendix A and was used extensively to establish both the baseline and fuel-blend deposition
data. E"valuation of' thermal stressed fiel samples for peroxide concentration was based on
ASTM )-7:103 and is discussed in Appendix B.

The programn is divided into four tasks, each designed to support other work in this
investigation. All tasks were dovetailed to provide a maximum effort coordinated toward
successful complet ion of the program.

Task I is entitled Literature Search and addresses the current and past scientific and
technical literature to establish a working technical base. Task 2 provides assimilation of
equipment and materials including both fuels and additives. Task 3 utilizes a selection of six Air
Force jet fuels to establish fuel deposit baselines using the experimental coking apparatus, and
Task .4 concludes the program with a precise evaluation of four selected fuels blended singly
with current fuel additives. Each of these tasks was initially proposed as a logical sequence to
the timely conclusion of the program. However, during the course of the program, the initial
testing of 'our a(,litives in Task 4 was increased to five additives. IThis could be done without an

" CRC literature survey on the thermal oxidation stability of jet fuel (CRC Project No. CA-43-67), 1978.
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SECTION If

LITERATURE SEARCH
(TASK 4.3.1)

The research problems imposed on gas turbine engine development by the intrinsic nature
of thernial instability has, for the mo.;t part, been directed in one of two directions. Basic
research has used chemically pure materials in single, double, triple, etc., blends to approximate
a fuel. These blends, in soine instances, can give results which are not directly applicable to jet
fuels. The use of jet fuels in equipment -imulating a representative section of a gas turbine fuel
syst em can give more meaningful re;ults if the representation is precise. Searches were
conducted in both chemical and engine ering literature for data that were previously established
from tests to determine the nature of ';,el thermal stability. These searches, as discussed below,
were eonducted using the following key words and phrases: Thermal Stability, Jet Fuel Deposit,

Fuel Instability, -let Fuel Thermal Stability (Reactions), Fuel Peroxide, Auto Oxidation of Jet
Fuel (lvrolysis). Fuel Aromaticity, and Jet. Fuel Cracking.

Several sources of informat ion were utilized to perform the the literature search including
a thorough search of DIALOG (Lockheed Information Systems), the Defense Documentation
Center of* the )efnse Logistics Agency. The literature search included review of more than
8,(H)0,t0() citations. A list of available articles was scrutinized to select only those references
related to the program. and these articles were ordered through the P&WA/GPD library branch
of the United Technologies Corporation Library. A summary of the reference sources is given
below:

1. )iALOG- (Lockheed Information Systems. Palo Alto. California)

a. Comprehensive l)issertation Abstracts (CDA) includes
university disse;tations of more than 630,0H) citations
with monthly updates from virtually every American
college and university during the 1861 to )ecember 1982
t ime frame.

h. Claims- Patents was searched using the five definitive
data bases listed below:

Cains/Chemistrv From 1950 through 1970
includes more than 265,000 sources of US
chemical and chemically related patents
issued during this time period. Foreign
equivalents from Belgium, France, Great
Britain, West Germany, and the Nether-
lands are included.

CGahnsiCla.s is the classification code and
title directory for all classes and selected
subclasses of the US Patent Classification
System. More than 15,000 sources were
reviewed using this data base to facilitate
he ot her searches.

C*GnimsfiS Patens: From 1971 to 1978,
which contains more than 485.000 records

J1
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uit liing qt1:irll tijiliiivs (11 :111 US pa;t-
wais. 1.(%~ i( .11~4( for c4'rr' jilt inhihit in,,

laiisi l',in~: ronn 197S to11thI

present cointains inore t han &85.0( recordls
that were reviewed as described above for
corrosion inhibitors for engine oil sses

* lainu/LIS Patent Abstracts Weekly was
reviewed to supplement the two claimsI
listedl ab~ove for the month of October 1979
only. Approximately 3,0W0 citations wereA
reviewed.

c. Metadex (Metal,, Abstracts/Alloys Index) from 1966 to
p~resen~t. contains more than 3170,0(X) citations with monthly
up~date., fromt the American Society of Metals. These
cit at ions were reviewed for fuel compatibility.q

d. Scisearch'. a multidiscipline index to the literature of
science and technology, was reviewed to the full extent of

4 its 2.70{X).(Xtl citations. The references searched were
derived from more than 2600 of the major scientific and
technical journals.

e. ISM EC. the Information Service of Mechanical Engineer-
ig indlices. p~rovides a review of the significant. articles of

'1 Mechanical engineering from approximately 250 journals
p)ublished throughout the world. This search included
inore t han 90,000O citations for corrosion inhibitors.

f. CA Search. covering Chemical Abstracts from 1967 to the
p~resenlt and including ap~proximlately 4,000,000 citations,A
was reviewed in its entirety.

a g. Smithsonian Science Information Exchange (SSIE) Cur-
rent Research includes only the last two years. approxi-
mat ely 2.53.000 citations. This data base contains reports
of 1b0th Government-funded and privately funded scienti-
fic research projects from more than 1300 organizations
that fund research.

h. NTIS. National Technical Information Service, includes

citat ions from reports of Government-funded studies.

and art icles in t he engineering field.

j. Conference Papers Index reviews national and interna-
tional conference presentations documented by publica-
tions in the area of scientific research and development.

~ ~ .~u ~ n~v., *~.4
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ii SECTION III

MATERIAL ACQUJISITION
(TASK 4.32)

The p~rincipal (dijective 1)this lask wast-ahloate and~ acquire all materials necessary for the
succe.sfil. cost effective. timely compiletion Orall tests and fuel analyses conducted in Tasks
1.11.3 andl 1.3. 1. Also included1 in Ithis task was acqisit ion of pertinent. literature references which
were determnined. throughi the abIstract review of' 'l'ask 4.3.1, to he intrinsic to the tests,%
conduict eci in t his programf.

Fuel samples were receivedl from Wright-Patterson Air F'orce Base (WPIAFB) during the
first several mionths oftIhis prograhmz. Samples included the foll'owing:

2:1) galdlons of.) P-4 fuel
* 60 gallons of] l3-7 fuel

1 15 gaillons (if.)P-8 fuel
*~6 * (tallons of lighlt- diesel fuel (Occidental P~etroleum Co.)

* 60 gallons of Ashland 20-40 solvent.

Fuel additives were acquired either from WPAFB/POSF or directly from the manufacturers.I
The additives, used throu.-hout. the fuel blend study are shown in Table 1 together with other
pertinent- inforniat ion.

TABILE I
FUEL. ADIIIVS FOR FUEL BLEND STUDY

_ Chemical .4s-Received

Additie Manufacturer PnEscriion Concentration
-Antioxidant 1- 1. duPont. 2.6-di-tertiary-butyl. 100c%

4YO.9 de Nemiours 4-methyiphenol

& Co.

Corrosion E. 1. duPont Organic acids 75%I
Inhibitor de Nemours
(DCt-4A) & Co.

Fuet System Fisher 2-methoxyethanol 100%
icing Scientific
-inhibitor (Item 130929)
(FSIb).

Coinductivity 1- 1. duPont Polymneric nitrogen 25%
aImprover de Nemours and sulfur compounds

(Stadis 450) & Co.

MeLtl 1 1. duPont N,N'-disaicvlidene-
Deactivator de Nemours 1.2-propane diaxnine 0
(DM0.2) & Co.

* Acquisition of all supp~ort and test materials was co:-.1pletcd by the third month of the
program. However, due to thle later addition of peroxide analyses (ASTM 37103) on the thermal
st ressed fuel saimples of Tasks 4.3.3 and 4.3.4. the materials for the peroxide analyses were not
obtained until the fourth month after the beginning- of the contract.

6



1 SECTION IV

BASELINE STUDY
(TASK 4.3.3)

Tuel( iripl~ objeetk~e oi*t his task wa~s to piIrovide aset ol* baselinie futel deposit. datai ('(r six
select Air Force jet fhiels. dlt4(ata were '-entraitecI on file exptrniental cokinig app~arat us
tIW\1 at autoi) dat ion temiperatutres froni 121 it) 28.*C0(. Appendix A details tile test. procedlure
used 1',r fuel tests t htrotjgioi this task. D~ata analysis and thle development of* the Arrhenius
paramietersare discussed in dletail in Section VI. Pertinet details involving the baseline testsal
fiullow together withI noteson thle specially dleveloped procedures for fuel preparations.

Five fuels were received fromn AFWVAL/POSF and were immediately evaluated for their
physical and chemical characteristics as shown in Table 2. The thermal stability of these
selected fluels was thle primary reason for their select ion. The breakpoint temperatures, as shownno
in Tlable 2. rep~resent the range in thermal stabilities derived according to ASTM D-3241.f
Initially samples of these fuels were received in five-gallon epoxy-lined steel contain~ers. After
tile lirst three months, larger 55-gallon epoxy-lined drums were received. The delay initially
orcuring- at the b~eginning of this program concerning these fuel shipments was due to receipt
and assembly of a :14F cold storage room. All fuel and fuel-additive blends used throughout this
p~rog'ram were stored at 34* F (30) under a dry nitrogen head at atmospheric pressure. Care

was taken thrugluut to maintain a nitrogen atmosphere over each furl including transfer from
the larger.55-gallon drumis -to smaller 1- or.5-gallon containers. All containers were lined withA
epoxy to inhibit oxidation. Analyses oif the .JP-4 and JPl-13 as-received samples were duplicated
ait thle e-nd o 1thle programn t to veri fy t hat t he fuel inlt egrity had not been altered during the course
Of Ibhis Iivest i-a1 ion].

The six fuel samnples to be evaluated were as follows: l'..JP-8. JP-4 with 1OP,. aromatics,
.Il'-4 with 2.:'#' arOiatics. .Il114 with .15"t. aromatics (aromatic concentrations in volume
percents) and light (diesel oil (Occidental Petroleum Co. referred to as OCCI-Light). Prior to
eacih HCA test, a sample of fuel to be tested was clay treated, severely, to eliminate polar
comipoutnds and fuel additives, These would include nitrogen. oxygen and sulfur compounds as
wel[ as potlar additives such as antioxidants. The procedure for clay treatment followed the
technique disetussed in ASTM D-2550 with one exception. The amount of attapuigus clay used
was live times that recommended in the ASTMN procedure. A high clay-to-fuel ratio was used to
-;trip each fuel to a standard. repeatable comp~osition., Low, rep~eatable conductivity measure-
ments were uised to verify successful fuel stripping. The technique of preparing a repeatable
baiseline fuiel was considered extremely important to the success of the tests scheduled for TaskS
-1.3. becauset fuel blends of baseline fuels together wvien selected fuel additives wvere to be

s-tudied relative to their rates of fuel deposition.

After each fuel was severely clay treated (the label. C.T. designates clay treated). baseline
data were developed onl the ECA. A minimum of seven temperatures between 121 and 28800
were tested with at least three up to ive repeat tests to verify the validity of the fuel deposit J
rate.

Two of, thle original six selected baseline fuels wvere a blend of t he original .JP-4 fuel (10't
arompatics) with thle Ashland 20-40 solvent. Table 3 presents anl organic type of analysis of thle

)0--to solvent used in th is program. These two fuels had a final concentration of 2.5', aromatics
and 35 4 aromnlatits. It should be notled that the JP-4 with 10', aromatics wvas clay treated but0
thle 201-40 soilvent was not clay treated. The aromatic concentration in .JP-4 did not change. via
ASTlM D-l1319, due to clay filtration. Five-gallon blends of these two fuiels were prepared as

nicessary for all subsequent test ing. -
7 M_



TABLE 2
FUEL SAMPLE ANALYSIS AS RECEIVED

Occidental
Shale Ikrived/

----- JI'-4 20/40 Solu Diesel J11-7 JP-8
Al' (:ai/60I*'549 1.839.3 45.5 46.5

St' Grav/66iF 0.7591 0.97.32 0.8285 0.7994 0,7949

1131, 79 (174) 191 (376) 160 (320) 187 (1) 150 (2) 157 (1) 116 (2)

20 %' 106 (223) 214 (417) 185 (365) 200 186 173 154 1
2%115 (239) 222 (432) 194 (381) 207 198 178 169

124 (255) 227 (441) 199 (390) 210 208 182 1724

4",134 (274) 233 (451) 205 (401) 213 215 186 186
5'.147 (296) 237 (459) 212 (414) 216 223 190 194

60 '7 163 (325) 242 (468) 217 (423) 220 23 19 20
7%179 (355) 247 (477) 229 (444) 224 234 201 211

8011 204 (399) 253 (487) 233 (451) 228 244 208 222

End Point- 248 (478) 277 (531) 270 (518) 257 272 249 270

Residue, %1.0 1.4 1.1 1.2 1.3
1.,8 1.0 1.1 0.9 0.3 0.2
Water, ppiii 70 330/70 a c 30 60
Particulates 0.8p, mg/Q 0.04 0.001 1.4 0.001 0.0002
-Ai-matica, C. volume 9.88 98.10 36.73 4.13 16.98

-Olefins, % volume 1.39 BDL b 3.23 1.01 0.71
lhlah Point, OF - 175 (PM) 125 (PM) 145 (3) 160 (4) 109 (3) 118 (4)

M91/kg- WI)) 43.70 (18,787) 40.08 (17,230) 42.47 (18,173) 43.50 (18,702) 43.36 (18,641)
Thec.rmal- Stab., ASTM D).3241

Breakpoint Temperature, 0C (OF) 285 (545) N/A 190 (374) 410 (770) 340 (644)
(After Clay TIreatment)

a. H20-content reduced to 70 ppmn from 330 ppm after fuel treatment with Linde 3A Molecular Sieve
b. Below detectable< limits
c. -Non-conclusive analysis by Karl Fischer9

d. Linei -of separation by -FIA, ASTM D-1019, not defined sharply
10- _AnwrMD.6, (2) ASTM D-2887.- (3) ASTM D-56, (4) ASTM D-93 (PM) Pensky-Martin

TABLE 3

HYDROCARBON TYPE ANALYSIS OF
2040 AROMATIC SOLVENT*

Percent by
Hydrocarbon Type Volume
Paraffinic 1.9
Monocycloparaffinic 0.5 4

Alkyl benzenes 24.3
Indan/tetralins 7.1
Indene/dihydronaphthalenes 1.2
Naphthalenes 65.0
Hydrogen content 8.27 w/o
*Data courtesy of Major D. Potter, WPAFB/POSF

d

Test pressures were developed in the following manner. Previous work has detailed the
intrinsic relationship of the critical pressure of hydrocarbon mixtures at ele* ted ',,mperatures.

Gas turbine fuels, as a first approximation, were considered to follow the API gravity-mean
boiling point function. Therefore, to determine the test pressure necessary to establish a quality
fluid in the ECA at specific preselected temperatures, the curves for hydrocarbon mixtures
established by W. B. Kay end represented by R. E. Maxwell were used with the fuel or fuel

8



blen(d AI' I gra it ' y-it .a boiling point. The critical pressure thus (leri\,ed is comnionl. referred
(o as the pseudo critical pressure. Table 4 lists the correspond inig pseudo-critical pressures and
the I)ressur(.s used throughout this program for each fuel, together with other critical
pa rafilet ers.

''AB LE 4
CRITI(AI, CONSTANTS FOR SELECTED AIR FORCE JET FUELS

Average A!! Test Prebsure
Boiling Point Gravity P TV, Range

Iuel Samp/e at 60F (W Pa) ( 0 ) (MPa)

.111-7 217 47.0 2.089 396 2275 - 2.379
JP-8 194 47.9 2.310 374 2.551 - 2.620
*ll'-4-It",, ARO 159 55.0 2.482 338 2.758 - 2.827
JP-4-25",. ARO 172 47.5 2.586 357 2.827 - 2.930
JP-4.35",, ARO 179 41.2 2.730 371 3.034 - 3.172
OCCI-Light 216 39.0 2.365 238 2.551 - 2.620

All Samples Clay Treated

By establishing the test pressure as equivalent to 10,, above the pseudo-critical pressure,
the fuel was maintained in liquid form and no boiling off was anticipated. This was confirmed
by placing a cryotrap downstream of the ECA exhaust. A continuous effluent sample was
condensed from the ECA react ion chamber; no fuel was collected which substantiated the liquid
fueol quality in Ithe react ion chamber.

All test runs on the ECA were conducted for a one-hour duration except for the JP-7 fuel.

Tis fuel, which has a high thermal stability (JFTOT break point =410oC), required a
minimum of three hours and in most cases four hours to produce a deposit on the I by 2 inch

stainless steel coupons. On the other extreme, the OCC1-light produced inordinate amounts of
deposit, so much Aw that the coupons were sealed in the coupon holder. Upon removal, the
deposit cracked and fell away, making gravimetric evaluations difficult. No problems were
encountered vith the ,JlP-S or .JP-4 fuels. Appendix C contains all baseline rate data from the six
selected fuels and Sect ion VI presents t he Arrhenius data analyses.

The vi:riaiion or more specifically the efficiency of oxygen utilization during the ECA
tel ing of a specific fuel is a direct fainction of the eL.se and all'inik that various fuel components
have for hIgh-energy molecular oxygen. A gas chromatograph and a time-of-flight mass
spectroileter wcre added to the ECA test equipment to measure this oxygen utilization by the
\arious fuels during their baseline temts. Both units performed up to standard; however, the
amount of change found in the oxygen concentration from free flowing air into and out of the
EC'A reaction chamber was below detectable limits. Modifications to the sensitivity of both
units was attempted but did not allow repeatable oxygen analyses to be made.

The oxygen measurements were deleted from the original statement of work and were
rel)laced b*v the measurement of the fuel formed peroxide concentration. Peroxides form as
l)rectirsers to the end product acids and polymerized material characteristic to the deposit, from
auto oxi(lat ion ofjet fuels. The methodology used for determining the peroxide concentration is
di;cussed in Appendix B as derived from a modified ASTM D3703-78 procedure. Data derived
fkr each baseline fuel test are presented in Appendix D. Section VI presents the Arrhenius

9evaluation of these data.
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SECTION V

FUEL BLEND STUDY
TASK 4.3.4

This task had multiple purposes. First, a series of fuel blends were prepared from four
selected fuels used in Task 1.3.3 (Section IV) with fuel additives current to gas turbine fuel
technology. Sul)sequent to preparation of stable fuel-additive blends, a series of ECA tests were
used to provide the necessary data for an Arrhenius analysis and a comparison to the original
lbseline generated in Task ,1.3.3.

After completion or the fuel baseline study, four fuels were selected by the Air Force
program monitor based on the fuel )roperties and characteristics common to current and
projected Air Force utilization. These fuels were the JP-8 (MIL T-83133A), the JP-4 (MIL T-
56241,) with the two blends of 20-40 solvent and JP-4.

The additives initially suggested for study, as single-constituent fuel blends, are
sumnmarized in Table i. Table 5 further defines the chemical and physical characteristics of each
additive. Only three of the five additives were in a form or were described in detail well enough
that they could be reconstructed analytically for repeat use. Therefore, enough of each additive

was ol)tained so that the program usage would amount to 50% of the total available additive. No
attempt was made to purify any of the additives further. Any additive purification would not
reflect performance available additives and may have lead to subsequent misleading conclu-
sions.I

Fuels used to prepare the fuel-additive blends were treated with Attapulgus clay in the
nmanner described in Section IV for the fuel baseline study. As in this study, each clay treated
I iel was freshly prepared in 18-liter quantities, maximum, stored in a cold room at 1C (±0.5°),
and used as needed. All fuel additive blends were mixed and used within one month after I
blending. lExcess clay treated fuel was not prepared because of the potential that auto-oxidation
could result and invalidate tie final test. results. All fuels were sparged and blanketed with dry

nitrog-en tunt il use.

Iluel-additive bler.ds were prepared prior to use by the following procedure. An 18-litre
vlay treated fuel sample was weighted to +0.1 gin on a Sauter E49-ED2180 balance. Then a
1)rescril)ed nwas. in granis of additive, was added to provide the necessary concentration of the
addit ire in the selected fuel. Tables 6 through 9 present the additive concentrations in terms of
parts-t)er-inillion and as milligrams per liter of additive.

'These values take into account the fuel density and the dilution factor or active ingredient
concent rat ion of the as-received additive. Each table contains the uniform concentration of each I
of the additives. This uniform concentration was used to calculate the required milligrams per
liter of additive for each fuel-additive blend. This was done so that. all fuels would contain the
same conceitration of additive on a parts-per-million by weight basis. The rate of deposit
formation was. therefore, conl)arable if the additive part-per-million concentrations were used.
The basic limits for the additive concentration are two to three times the current military fuel or
additive specificat ion as described in Table 10. J1

asa
The individual fuel additive limits can be described as follows: (1) Anti-oxidant, AO-29,

and the corrosion inhibitor were blended as (a) the minimum effective concentration, (b) half-
way between the minimum effective and maximum allowable concentration, (c) the maximum
allowable concentration and (d) twice the maximum allowable concentration. The metal
deactivator was prepared in four concentrations: (a) one-half the maximum allowable, (b) the

10
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maximum allowable, (c) twice and (d) three, times the maximum allowable specification .-.
concentration. Finally the fuel system icing inhibitor was blended at (a) less than the maximum,
(b) the maximum, (c) twice and (d) three times the maximum allowable specification
concentration. Finally, the fuel conductivity additive was added to clay treated fuel samples 0
until the desired conductivity in picosiemens, was reached. This last additive proved to be
unstable, requiring blends to be prepared and monitored with additive adjustments over a
period of three to four days. After this time the fuel would remain stable at the set conductivity
for at least three weeks during which time the ECA tests were completed. Another method of
working with the conductivity additive was to passivate glass containers with a final rinse after
cleaning with a 50150 ( mixture of methanol and toluene. Conductivity measurements were
made on a daily basis to ensure that no change had taken place. In the additive tables (Tables 6
through 9), which list the additive concentrations used in these fuel blend studies, the minimum
effective and maximum allowable concentrations are listed as pounds per thousand barrels for
the antioxidant and the corrosion inhibitor. The fuel system icing inhibitor minimums and ie.i
maximums are given in volume percentages and the metal deactivator is given as milligrams per
liter. Master blends, which contained the maximum concentration of fuel additive, were
prepared and provided to thc program monitor at the conclusion of the fuel blend study.

ECA tests were conducted in 50°F intervals in the manner described in Appendix A. -'

Occasional changes in test conditions occurred during several tests which were cause for
termination of the test. One such condition was that of autoignition. Since the concentration of O
oxygen within the reaction chamber was in excess of 18%, autoignition was experienced several
times with all fuel blends when an excess amount of heat was generated too rapidly. Large
amounts of carbon were subsequently formed within the reacticn chamber which required ]
cleaning prior to further testing. The only other major problem occurred with fuel leakage at the
lower insulated Swageloca fitting. Refer to Figure 1.

J

Figure 1. Fuel Leakage Source at Lower Swageloc Fitting
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Atler each lest i peroxide analysis wis condliclhd (is reviewed in Appendix B. A fuel
s.niiltof 250 to :l(X) milliliters was collected while the fuel was still under pressure and at
elevated thi, perat tire. The sample bottle wits prior washed. rinsed with ethyl alcohol (100"0) 
and dried with nitrogen. The fuel sample thus taken was sparged with nitrogen and analyzed
-immediately in three aliquots for the total concentration of peroxide. Carbon deposition data
together with the peroxide data have been listed in Appendices C and D and analyzed in Section
VI. For most peroxide analyses the spread on the data was less than 3 %; however, data with a

S5 % variation was considered acceptable.

TABLE 5
FUEL ADDITIVE PROPFRTIES

A029 DCI'-4A I1Sll Stadis-450 DMD-2
l'hvsical Form Colorless to Pale Dark Amber Colorless Clear-Yellow Light-Yellow

Yellow Flakes Liquid Liquid Liquid Liquid

-Specific Gravity O6C1(6) 0.94 0.966* 3}  0.9 0.99
( l (;/l C)

Melting Point, 'C 69 -

Boiling Point, 0C 266 N/A 124.5 90 140

Flash Point, "0C 132(') 32(2) 43(4) 4.4(4)  33(4) 410 )

Solubility,
Wt % (200C)( 6) 47)

Isopentane 50 CM CM PM-CM PM-CM
Benzene 40 CM CM PM CM
'Voluene 43 CM Cm PM CM
Water I/S CM I/S I/S

Solvent None Xylene None Toluene 74 v/o
and isopropyl
alcohol 3 v/o

Chemical 2,6-Diteriary Ethylene- Proprietary N,N'-Disalicylidene-
l)escription Butyl-4-Methyl- Proprietary Glycol Nitrogen and 1,2-Propanedianiine

4 Phenol Monomethyl Sulfur
Ether (EGME) Polymeric

_ _ Compounds

(1) ASTM 1)92 (COC) (5) ASTM D-1310 (TOC)
(2) ASTM 1)93 (PMCC) (6) Untapped Density, Gram Per Cubic Centimeter
(:1) 200C (7) CM - Completely Miscible, PM - Partly Miscible
(4) ASTM 1)-56 (TCC)

-i:
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TABLE 6
iPAWINP'SI'EI-MIILLION CONCENTRATIONS FOR VARIOUS ANTIOXIDANT-

it' El, BLENDS (2,6-I)I'I'ERTIAIRY-BU'I'YI-4-METI-IYI-PHENOL)

Pounds/lO00 Barrels
Cay' Treated Iuel 6.0 7.2 8.4 16.8

,11-.1 10",. Aromatics 22.7 27.2 31.7 63.5
.I-I 25",. Aromatins 21.2 25.4 29.6 59.3

,11. P .1,5", Aromatim- 20.6 24.7 28.9 57.7
,I11-8 17". Aromatics 2 1.6 26.0 30.3 60.6

Prl)oscd 1lnifiorm 21.0 26.0 31.0 62.0
(oo en nill inn

Required Milligrams per Liter Equivalent

to Uniform Concentration

JP-4 - 10". Aromatics 15.852 19.630 23.408 46.816
.J-4 - 2.5", Aromatics 16.988 21.030 25.073 50.172
JP-4 - 35";, Aromatics 17.437 21.612 25.760 51.493
JP-8 - 17% Aromatics 16.618 20.581 24.544 49.062

TABLE 7
PARTS-PER-MILLION CONCENTRATIONS FOR VARIOUS JET FUEL

CORROSION INHIBITOR - FUEL BLENDS (DCI-4A)*

Pounds/lO00 Barrels
Clay Treated Fuel 3.0 5.5 8.0 16.0

.1P-4 - 10";- Aromatics 11.3 20.8 30.2 60.5
,IP-4 - 25";' A onatics 10.6 19.4 28.2 56.4
.1P-4 - 35"i. Aromatics 10.3 18.9 27.5 55.0
.1P-8 -- 17". Aromatics 10.8 19.8 28.8 57.7

Proposed tifiorm 11.0 20.0 29.0 58.0
Concentration

Required Milligrams per Liter Equivalent

to Uniform Concentration

.JP-4 - 10,, Aromatics 11.061 20.145 29.203 58.406
JP-4 - 25,7, Aromatics 11.871 21.594 31.281 62.563
.11-4 - 35", Aromatics 12.188 22.158 32.127 64.254
JP-8 - 17% Aromatics 11.625 21.101 30.612 61.189

*As Received Concentration of DCI-4A Is Taken as 75% Active Ingredient

13
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TABLE 8
I'AHiTS-I'El-MII JON CONCENTRATIONS FOR VARIOUS JET FUEL

SYMSII.,M I('IN(I INIIBiITOR F E l, BIlENI)S (2-METHOXYETHANOL)

_lercent by Volume .

. P-. 10% ArmoniIcit- 639.9 1919.6 3839.1 5758.6
,I-t 25", Arowmait-, 597.2 1791.4 :1582.9 5374.3
.I5P-I 35 Aromatics 581.6 1744.9 3489.7 5234.6
.IP-8 -- 17",. Aromatic, 610.5 1831.5 3663.0 5494.5

Iropcmed Liniform 607.0 1823.0 3644.0 5466.0
Concent ration

Required Milligrams per Liter Equivalent
for Proposed Uniform Concentration

JP-4 - 105' Aromatics 458.336 1376.513 2751.599 4127.371
JP-4 - 25"d. Aromatics 491.123 1474.980 2948.349 4422.537
JP-4 - 35% Aromatics 504.227 1514.373 3027.081 4540.608
JP-8 - 17% Aromatics 480.370 1442.721 2883.857 4325.786

TABLE 9
PARTS-PER-MILLION CONCENTRATIONS FOR

VARIOUS JET FUEL METAL DEACTIVATOR BLENDS
(NNI'DISALICYLIDENE '1.2"PROPANEDIAMINE)*

Milligrams per Liter
('lay Treated Ful 2.9 5.8 11.6 17.4
.1-I4 -- I1. Aromatics :1.8* 7.7 15.4 23.0
.1P-4 - 25", Aronatics 3.6 7.2 14.3 21.5
.IP-4 - :35"i Aromatics 3.5 ".0 14.0 21.0
. 1J-8 - 17".. Aromatics 3.7 7.3 14.7 22.0

Proposed Unifoirm 3.6 7.3 14.6 21.9
Concentration

Required Milligrams per Liter for Proposed Uniform
9/ Concentration at 50% Active Ingredient

3- ,J1-4 10% Aromatics 5.495 11.017 22.008 33.025
JP-4 .- 25% Aromatics 5.865 11.810 23.593 35.403
JP-4 - 35% Aromatics 6.050 12.100 24.227 36.328
JP-8 - 17% Aromatics 5.760 11.546 23.091 34.610

*As Received Concentration is 50% Active Ingredient
*Parts-per-Million Based on 100% Active Ingredient

14
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SECTION VU

DATA ANALYSIS

The principium for determining the rate of jet fuel deposition, as described in this
program, was to provide the basis for an Arrhenius evaluation and determination of the
activation energy for each of the four selected fuels. As discussed in Section V the fuels were:
SJP-4 with 10% aromatics, JP-4 with 25 and 35% aromatics, and JP-8 with 17% aromatics; all
fuels were clay treated and blended with specific, qualified additives. These tests were
conducted on freshly prepared fuel blends using the Experimental Coking Apparatus (ECA) as
discussed in Appendix A. Immediately after each ECA test, a sample of the fuel was evaluated
by ASTM D-3703 for peroxide content. These data were then plotted against the reciprocal of
the absolute test temperature and comparisons were made to the deposition and peroxide levels
of the baseline fuels.

Each data set was then evaluated using a linear regression analysis to determine the
Arrhenius factors, the activation energy and the pre-exponential factor.* Values are listed for 4

each fuel and fuel-additive blend in Tables 11 through 14. Comparison of the fuel-additive
blends with the baseline fuel preserves the effect of the additive on the fuel deposit rate of
formation. At first glance, the JP-4-10% aromatics shows a lower specific deposit rate than the
fuel blends to 25 and 35 % with the 2040 solvent. Also, the JP-4-25 % aromatics blend deposition
rate was less than the JP-4-35 % aromatics.

The antioxidant (AO-29;AO) conductivity improver (Stadis-450; CDI), a:.-d the- metal
deactivator (DMD-21, MDA) had visible effects on all fuels tested. The AO dc.reased the rate ,
tho overall fuel deposition relative to the fuels baseline for JP-4 fuels. An incrfe-, in aromatic
content of the JP-4 fuel also affected the deposition by decreasing the effectiveitess of the AC-.-
according to the following order:

JP-4-35 %;, aromatics > JP-4-25% aromatics > JP-4-10% aromatics

The JP-8 rate of deposition also decreased with the decrease approximately equal to the
JP-4-10% aromatics. The CDI and the MDA deposition rates were adversely affected. In all
tests the deposition increased in clay treated fuel samples of JP-4 and JP-8. The CDI and MDA
deposition increased according to the following:

JP-4-10% aromatics < JP-4-25% aromatics < JP-4-35% aromatics

JP-8-17 % aromatics affected the baseline rate of deposition between that of JP-4-10%
and JP-4-25 % aromatics.

Both the corrosion inhibitor (DC1-4A; CI) and the fuel system icing inhibitor (2-
methoxyethanol; FSII) indicate a relatively small influence on the deposition rates of the four
selected fuels. The CI had a small negative effect (increase) in fuel deposition at the 25 and 35%
aromatic level in JP-4. The 35% aromatic JP-4 reflected a larger deposition than the 25% JP-4.

Most of the peroxide levels were in relative agreement with the rates of deposition; that is,
the peroxide level increased with an increase in the deposition rate. All AO treated fuels had a
decrease in peroxide level while the CDI and the MDA peroxide levels were higher than their
respective baseline. The JP-8/CDI blend peroxide data indicated a lower peroxide concentrdtion
(Figure C-5 in Appendix C) than expected. Peroxide concentrations were consistently lower for

Benson, Sidney W.. The Foundations of Chemical Kinetics, 1960, McGraw-Hill Book Co., pg. 66.8
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'~eIit( 11111 eVIuvtled iloi f lit- lEV(A clepisit im data. I Yroxide I:Ii; v.,aablislied utiig III ( CI
;1nd t he lS1l I lentls p i,-allt-led wvill Ii dposit ion rate data. Wileii little- or tit shift f'rom flit fuiel
I )sIvl i 1t.e (Ivjiisi tI( ion was r-eecond. the ;w r( x if le co meen I rat n iI also replWt ed.

E~ach1 Arrliviiius evaluatiton was 'omplletedl per fUel/adlditive b~lend as f1ollows: A specific set.
of' deposit ion rate.-- and fuel temperatures were curve fit using a first.-degree linear curve fit.
Thenwi. using the slope and y-intercept, the linear equation of the Form y = i x + b was evaluated

f at 1.19. 20.1, 26iO and :1V6C. Specific deposition rates which can be specified in this manner canl
~ I Ie used subsequently to relate relative comparisons of* similar fuels or fuel blends. This

comlparison tortied (te basis of the conclusions in Section VII. In addition to the preceeding, the
curve lit vields a coefficient of'determination which, Ifur this investigation, was at least 0.90. This
valut. indlicates thbat 9t)', of* the dIatai usedI to generate the curve fit will he within a la band].

NOT'. Tlhe basic interllretat ion of't hie Arrhenitus Equation has, since the late 1800's, been
used ito relate the temperatutre dlependenice of chemically reactant systems. The basic
mathlemiatical rela: ion. dIevelop~ed troni sucrose inversion st udlies,* can he written as

(I In V' E'

where TI is th vntmeature, k' the specific reaction rate, and E* is the Arrhenius
act ivalt ion energy. When integrated this equation, after assuming that the activation energy
remains linear over thle range of T, yields the textbook equation

V' (TI) A exp (E'/RT).

In most theoretical discussions involving the Arrhenius activation energy, it is often
-Igeced,. soeie sue.ta.tera nepeation of E* is known to the read r. Here

this is not thle case. Specifically the Arrhenius model rep~resents tile internicdiate active form ofI
fte reaclwit/product miolecules characteristi toIC a given react ion. In the case of' this
invest igation, this ative Form~ cannot lbe described b~y any sim;)le chemical formula; even an)
emplirical fltrirtila would p~erhaps) lbe too bold(. InsteadI it is ti lization of* the activated complex
Ohat is noteworthby and thbat there is no (Ietinitive relationship b~etween the energy necessary to
aichieve the activated compllex and the magnitude of the specific reaction rate. A decrease in fuel
d oeposition is not necessarily coupled to a decrease in the energy necessary to aehie-,e that
dleposit ion. Subsequently no rational judgement about these two quantities can be mn. Je based
on t lie dlata of' this invest igation.

1. * Arrhenius, S., Z. Physik Chem., 4.226 (1889)

4zS
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SECTION VII

CONCLUSIONS AND RECOMMENDATIONS

The deposition rate data from the tests conducted in Task 4.3.3, Fuel Baseline Study,
confirmed the effects of aromatic compounds. The baseline data curve fit to a straight line in
Figures D-1, D-6, D-11 and D-16 show the deposition rates for JP-8, JP-4-10 %-aromatics, JP-4-
25% aromatics and JP-4-35 % aromatics as increasing. The JFTOT thermal stability breakpoint
temperatures for these fuels decreases in this same order. Also, the aromatic content was the
only change made to the original clay treated filel for the JP-4 fuels. The breakpoints decrease
as the aromatic contents increased. This change paral!eled the increase in the specific reaction
rate.*

Experinmenta! specific rate data, as ta-bulated in Appendix C for each specific jet fuel and
additive combination, was used as data in the solution of a linear regression analysis. The
reciprocal of the absolute temperature (degrees Kelvin) was taken as the independent variable
and the specific rate (grams per square centimeter-second) as the dependent variable. The
linear regression was further applied in the subsequent Arrhenius analyses by conversion of the
dependent variables to their common logarithum. Tables 11 through 14 represent the activation
-energies (calories per mole) and the Arrhenius pre-exponential factors for the four jet fuels.

A low Arrhenius- activation energy projects a low energy threshold to the hypothetical
chemically active transition state. In general, the lower the activation energy the lower the
energy required to reach the reaction products. This in turn specifies that the deposition will
occur at a lower thermal energy input level as compared to another fuel at a higher activation
energy. This does not directly relate to the quantitative measure of a fuels deposition or
deposition rate. Comparison of the baseline activation energies reflects a decrease as the
aromatic concentrations of the JP-4 fuels are increased. The JP-8 activation energy is
approximately 100 calories less than the JP-4-10% aromatics. Subsequent comparisons of the
additives used in the fuel-blend study yields the following conclusions:

iI . The antioxidant (AO-29) effectively reduces the activation energies in all
fuels tested. AO-29 also reduces the specific rates of each fuel tested.

2. The corrosion inhibitor (DCI-4A) and the fuel system icing inhibitor

(2-methoxyethanol) show little or no variation from the clay treated
baseline.

3. Both the conductivity additive (Stadis-450) and the metal deactivator
(DMD-2) increased the activation energy at all concentrations.

The Arrhenius pre-exponential factor can be considered a measure of the entropy of the
activated transition state and can be used to relate the order/disorder of this transition state.

a- Even under the most highly ordered reaction schemes the pre-exponential factor is difficult to
relate accurately to a reactions characteristic. Close comparison of the calculated pre-exponen-
tial factors for this study did not result in any further absolute information.

In addition to the Arrhenius analyses of Tables 11 through 14 the linear regressions were
used in each fuel and/or fuel-blend test to establish the fuel deposit expected at 149 (300), 204

* (400), 260 (500) and 316°C (600°F). Tables 15 through 18 represent these data in similar order
to the Arrhenius constants. The data calculated at 149 and 2040C deviate from the baseline only

The specific reaction rate, being unique for each fuel or fuel additive, as used here refers to the measured deposition in

grams normalized to one cubic centimeter and one second.
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in relat ively siiall quant it ies, whereas the 260 and :11lWC levels show dominant deviations from
t heir baselines. Variat ions for each of the addit ives directly paralleled t he variat:-ms previously
discussed for I li Arrhenius act ivation energies and are summarized as follows:

I. Virtually all specific rates increased when relating the fuels in the order of
J!)-8, JP-4-10S aromatics, JP-4-25'; aromatics and JI)-4-35 % aromatics.

2. The antioxidant tests revealed a progressive decrease in deposit formation
at constant temperature coupled with an increase in the deposit reduction
with test temperature.

3. The metal deactivator and the conductivity additive paralleled their
activation energies, respectively, an increase.

4. The fuel system icing inhibitor and the corrosion inhibitor maintained
their deposition relative to the baseline except at elevated temperatures.

At elevated temperatures which approach the region of pyrolysis, variation in deposit
formation would be expected to decrease and the concentrations of water vapor and oxides of

-- carbon would increase, both with little or small correlation. In this study the peroxide
concentrations were evaluated and are reported in Appendix D. At deposit temperatures in
excess of 260°C (500°F), the peroxide concentration decreased; however, within the temperature
range of 149 to 2600 C (300 to 500*F) a trend very similar to the specific rate variation was
established. The peroxide analyses were evaluated using the same linear regression as used with
the specific rate data. However, due to the variation in analytical results using the procedure
discussed in Appendix B, an accurate Arrhenius analysis could not be made. The basic trend in
the peroxide concentrations were to parallel the deposition rate as expected based on the
theories concerning fuel deposition.*

-(11) Hammnnd, . S. and Softer, L . j. Am. Chem. Soc., Vol. 72.4711 (1951):
(2) Shine, H. and Ayrey. G., Chem. Rev., Vol. 63,645 (1963);
(3) Hevington.J..C.. eLal, Trans. Faraday Society. Vol. 54,563 (1958);
(4) Walling, C.. d. Ph)%. Chem., Vol71, 2361 (1967).
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'TAIIi," I I
A\IMI1I.NIIUS ('ONSTAN'I'S FOIR A .11.- FIIIEI, AS IDEI I) FIROM A

l'SlIDiO l S'll1TDO)ll II A('TION BlN'I.rIlIN 121 0 C AND 316 0C

• Specific Rate of Specific Rate of
Deposit Formation Peroxide Formation

Activation Preexponential Activation Preexponential
Ftil Energy Factor Energy Factor

(cal mole 1) (cm " sec 1) (cal mole-') (see- ')

9 !,eline C r 7822 2.3.5 X 10 r 8077 1.373 X 10

'S AO 29)

-ME 7634 1.658 x j( ;  7"15 5.673 X 103
" Mc 7:104 9.104 X 10 8507 1.781 x 10"

- MAC 7003 7.492 X 10 6826 3.034 x 10'
2 MAC 4221 3A66 X 10 77609 6.316 X I0'

t)C1-4A

MEC 7761 2.218 x 10 . 6146 1.836 X 103
[ 2 MAC 7775 2.20 X 10- ' 6840 3.723 X 10'

NS I

<< MAC 8002 2.815 x 10-c- 11540 3.509 X 105 q

3 MAC 7965 2.638 X 10; 6490 2.533 X 10

Stadki 450

MEC 787 2.551 X 10-6 8378 .846 X 104

NAC 8114 3.375 x 10 "' 6757 3.37 X 10'
2 MAC 8200 3.938 x 10 "' 7552 7.456:< 10
: MAC 8218 4.341 X 10 6 7455 6.717 X 10'

I)MiD-2

.-. MAC Nv-ligible effect on amsefine
daita

MAC 8143 3.372 X 10 ' 7345 7.018 X I a

2 MAC 839i 4.825 X 10 7625 9 551 x 10'
:1 MAC 8597 7.250 x 10 "  7659 1.066 X 10

02
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• RREN111S CONSTANTS FOR A JlP-4 FUEL CLAY TIEE WITH A 10"I

TOTAL AROMATIC CONCENTRATION AS DERIVED FROM A PSEUDO
FIRS'r-ORDER REACTION BE-TWEEN 1210C AND 3160C

S3pecific Rate of Specific Rate of

Depit Formation Peroxide Formation

Actioainn Preexpmnential Acticatian Preexponential

En' etwrgy Fatur Energy Factor

(Cal mole I) (Cm 2 vec I) (Cal mole I) (sec I)

ltil 'T 8769 3.126 X 10 " 9758 1.524 X 10"

AO-2")

MtF. 8506 2.044 X 10 -6 8218 2.040 X 104
IZ MC 7730 7.149 X 10' 7710 1.074 X 104

MAC 7259 3.336 X 10":' 7788 9.672 X 1W9
2 MAC 6817 1.96 X 10--'  7175 3.879 x 103

D1I-4A

MEC 8764 3.047 x 10 - - 9995 1.820 x W0s
2 MAC 8904 3.,597 X 10 -5  9553 1.243 x 10s

FS11

<< MAC 8625 2.672 x 10 "'  9613 1.168 X Ws-
:1 MAC 7869 1.077 x 10' 9634 1.319 X 10P

NladLc. 4.50!

MEC 88!! 3.295 x 10 989 1.7.58. 10'I

MA" 8926 IS6 X I0 11290 9.06,X 1

2 MAC 9112 4-944 X 10 10741 4.015 x 10"

:1 MAC 9T25 6.600 x 10"r- 9847 2.631 X los

i)MI)-2
L MAC 8W62 4.058 x 10- " 1*01-l t-141 X l0o -

MAC 979 4338 X 0 - -" 999 2.114 X 10
2 MAC 9067 5.046 X 10- 1 10492 4.401 x 10'
3 MAC 8993 4841 X 10-5 10951 9.066 x 195

i
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ARII NIIIS CONS'I'ANTS FOR A .1I1-,i Eiel i, CLAY
'I'IUIAIKI) WITH A 25',, TOT AI ( AOMATIC

('()N('Io;N'I'lA'I'IO)N AS I)IRIVI) FIROM A l'SEUi)(O

lel NS'l'.(l{I )lgl ,,IAC'i'ION lBloI VWIN 12!°(
AND :16 0C

Specific Rate of Specific Rate of
)cposit Formation Peroxide Formation

Activation Preexponential Activation Preexponential

Fuel Energy Factor Energy Factor

(col mole -') (ea -2 sec t) (cal mole') (sec - ')

Baseline CT 8727 3.798 X 10- '  9239 1.247 X10

AO-29)

MEC 8:154 2.281 X 10 8810 7.366 X 10'
k, i, MC 8449 2.209 x 10 8720 6 257 X 104

MA(' 7892 1.137 X 10 8526 4.821 x 101
* 2 MAC 7603 7.907 X 10 10 8652 5.678 X 14

I)CHA

MEC 8729 3.782 X 10 9314 1.346 X 105

, 2 1 MC 8753 3.916 x 10'r, 9725 2.255 X 105
MAC 8595 3.256 X 10-r, 8903 1.005 x 105

2 MAC 8790 4.381 X 10-' 9229 1.366 x 105

FSII

<< MAC 8679 3.586 X 10-  8973 9.627 X 10
4

1 MAC 8637 3.457 x 10"  9037 1.016 X 105

Sadis 450

MIC 8804 4.215 X 10 9580 1.741 x 10"

MAC 8904 5.241 x 10 8828 8.321 X 104
2 MAC 9116 6.396 x 10 8439 6.245 X 104

: MAC 9159 7.279 x 10 r' 95:19 2.203 X 104  A

I)MI)-2

MAC 8692 3.911 x 10- 5  8698 7.93 X 14

MAC 8678 4.080 X 10"':" 9337 1.547 X 104

2 MAC 8704 4.468 X 10 -s  8667 7.616 X 104

: MAC 8890 6.083 x 10- 5  8931 1.120 X 101
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'TABLE 14
AI{IEHENIUS CONSTANTS FOR A JP-4 FUEL CLAY TREATED WITH

A 351, TOTAL AROMATIC CONCENTRATION DERIVED FROM A PSEUDO
FIRST-ORDER REACTION BETWEEN 1210 C AND 3160 C

Specific Rate of Specific Rate of
D'posit Formation Peroxide Formation

Pu,' Additive Activation Preexponential Activation
- icm-entrut In Energy Factor Energy Factor

(cnl inole I) (cm ? seC i)

Blaseline CT 8493 3.486 X 10 : 8969 1.265 X 10:'

AO-29

MEC 8134 2.213 x 10- '  8515 7.263 X 10'
'4 v MC 7995 1.628 X 10: 8292 5.189 X 104

MAC 7852 1.487 X 10- '  8234 4.329 X 10'
2 MAC 7592 1.019 x 10- 5 7787 2.534 X 104

DCI-4A

MEC 8332 3.001 )( 10- 1 9019 1.281 X 10"

Y, 1 MC 8453 3.276 X 10- '  9383 2.054 X 105
MAC 8579 4.100 >: 10-r' 8749 1.108 x 101

2 MAC 8817 5.634 X 10 r' 9330 2.026 X 10"

F.SII

-. MAC 8185 2.511 x 10 ; 9241 1.674 X lOr'

3 MAC 8249 2.730 X 10 , 8795 1.056 10r'

SIadis 450

MEC 8635 4.141 x 10- f 8825 1.069 X 10'
MAC 8516 3.89 x 10 - -" 9127 1.504 X 105

2 MAC 8898 6.217 X 10* 5  8790 1.094 X I0
: 3 MAC 9146 8.785 x 10- '  9365 2.069 X 105

I)MD-2

Y MAC 8461 3.739 X 10- 5  8613 9.354 X 104

MAC 8545 5.000 x 10-5 8734 1.078 X 105
.. 2 MAC 8601 5.299 X 10-5 8990 1.369 X 105

A 3 MAC 8795 7.943 x 10-- 9021 1.481 X 10'

I'
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''AQ

11I90C 2010 C 260 0C 36

B-t-ispIic CT 0.019 0.057 0.135 0.273

AO-29

MEC 0.017 0.049 0.114 0.227
Y- 1 MC 0.017 0.046 0.102 0.193

MAC 0.016 0.043 0.094 0.176

2 MAC 0.015 0.037 0.075 0.134

1)C1-4A

MEC 0.020 0.058 0.136 0.273

2 MAC 0.019 0.056 0.133 0.268

FSII

< < MAC 0.019 0.057 0.137 0.282

"1 MAC 0.018 0.055 0.133 0.272

i Stadis 450-

SadieMFC 0.019 0.057 0.138 0.279

MAC 0.020 0.060 0.148 0.307

2 MAC 0.021 0.064 0.159 0.333
:1 MAC 0.023 0.070 0.173 0.361

DMD-2

3 MAC 0.024 0.078 0.202 0.436

2 MAC 0.020 0.064 0.163 0.346

MAC 0.019 0.058 0.144 0.299

IMAC Negligible eWfect on baseline data

24A
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TABLE 16
.JP-,1-1O', AROMATICS FUEL DEPOSITS AT SELECTED TEMPERATURES

DERIVED FROM A LINEAR REGRESSION OF EXPERIMENTAL DATA
BETWEEN 121 0 C AND 316 0 C

! Furl Fuel Temperature

l 149 0C 2040C 260 0C 316 0C

Baseline CT 0.084 0.280 0.740 1.624I
AO-29

M EC 0.075 0.242 0.619 1.324
V 1 MC 0.066 0.192 0.451 0.903
MAC 0.054 0.147 0.328 0.630

2 MAC 0.044 0.126 0.268 0.494

1C4A

MEC 0.082 0.275 0.725 1.591
2 MAC 0.082 0.280 0.749 1.666

I'l

< MAC 0.085 0.279 0.724 1.570
:1 MAC 0.085 0.249 0.596 1.208

i .Sl,,dis 450

M 0.084 0.232 0.749 1.652
MAC 0.085 0.21 0.781 1.740

2 MAC 0.,)88 0.309 0.346 1.917
:1 MAC 0.12 0.329 0.925 2.135

1)MI).2

'4 MAC 0.087 ;.297 0.801 1.790
MAC 0.091 0.312 0.842 1.885

2 MAC 0.095 o.33! 0.902 2.035
3 MAC 0.100 0343 0.927 2.078
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TABLEI,, 17.
F11i-3. i I)O IT FRO{(M A SHEC,TE"DI )111-.I CLIAY TIHE'A'rEI WITHI 25",

AROtMAIC{ CO(NC'ENTRATIO)N AT THMI'HIATLIPIRI,,- DER',IVED) FR{OM A

1INI,]ARi IR H lSION OF E(C.A EWXI',HlM lENTAI, DATA

Pr:l Additive

Concentration Temperature

149 0 C 2040C 2600C 316 0 C

Baseline cT 0.107 0.354 0.931 2.037

AO-29

MEC 0.101 0.317 0.799 1.690
Y, 2 MC 0.087 0.277 0.707 1.509

MAC 0.087 0.257 0.616 1.250
2 MAC 0.085 0.242 0.563 1.113

lDCI-4A

MEC 0.107 0.354 0.929 2.034
Y 1 MC 0.107 0.357 0.941 2.063

MAC 0.108 0.351 0.908 1.964
2 MAC 0.115 0.384 1.017 2.237

FS1I

<< MAC 0.107 0.353 0.924 2.012
3 MAC 0.109 0.356 0.927 2.013

Stadis 450

MEC 0.109 0.364 0.965 2.126
MAC 0.120 0.407 1.092 2.427

2 MAC 0.114 0.398 1.091 2.472
3 MAC 0.123 0.432 1.192 2.711

DMD-2

Y. MAC 0.115 0.380 0.996 2.171
MAC 0.122 0.430 1.053 2.293

2 MAC 0.130 0.429 1.125 2.456
3 MAC 0.142 0.480 1.285 2.853
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TABLE 18
JP-4-35",, AROMATICS FUEL DEPOSITS AT SELECTED TEMPERATURES

DERIVED FROM A LINEAR REGRESSION OF EXPERIMENTAL DATA
BETWEEN 1210C AND 3160C

Fuel Temperature

149 0C 2040C 2600C 316 0C
i" It

Baseline CT 0.130 0.418 1.071 2.296

AO-29'

MEC 0.127 0.388 0.954 1.979
Y Z MC 0.119 0.350 0.837 1.692

MAC 0.110 0.329 0.796 1.639 10

2 MAC 0.111 0.316 0.733 1.448

DCI-4A

MEC 0.136 0.426 1.073 2.265
Y 2: MC 0.128 0.410 1.045 2.231 g

MAC 0.138 0.449 1.162 2.508
2 MAC 0.143 0.480 1.275 2.811

FSII

<< MAC 0.135 0.417 1.031 2.149
3 MAC 0.136 0.424 1.056 2.213

Stadis 450

MEC 0.131 0.428 1.113 2.414
MAC 0.140 0.452 1.160 2.490

2 MAC 0.143 0.486 1.303 2.895
-- MAC 0.151 0.532 1.463 3.323 l

DMI)-2

Y, MAC 0.145 0.464 1.184 2.529
MAC 0.153 0.505 1.318 2.864

2 MAC 0.174 0.567 1.470 3.181
3 MAC 0.207 0.692 1.834 4.037
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APPENDIX A

THEORY AND OPERATION OF THE
EXPERIMENTAL COKING APPARATUS

The experimental coking apparatus (ECA) was initially designed to study the rates of jet
fuel deposits found in the mechanical fuel systems aboard gas turbine powered aircraft. It is
basically a stainless steel, 2-liter cylindrical reaction chamber which contains the necessary
material and induction coil to heat a sample of jet fuel to any prescribed temperature
inductively from ambient to 340°C. Table A-1 presents the original design criteria to which the
ECA was designed and fabricated.

The ECA was used throughout this program to establish, gravimetrically, the maximum
amount of deposit that can be realized from a prescribed volume of fuel. The experimental test
conditions were as follows:

1. The test temperature is in the range characteristic to auto-oxidation from
ambient to 2880C. For the purposes of this study the minimum tempera-
ture was taken as 121 to 1350C. Both chromel/alumel and platinum/

*platinum-rhodium thermocouples were used to measure test temperatures.

4' 2. Test pressures were recorded on both helicoil pressure gages and digital
V readouts using Teledynee transducers. The test pressures were set

according to the pseudo-critical pressures as discussed in the body of this
report.

3. Standardized, compressed air cylinders were used to supply a steady,
continuous flow of oxygen into the base of the reaction chamber of the
ECA. The flow rate was 300 standard cubic centimeters per minute

-5 measured continuously at a downstream location by a Matheson Model
8240 mass flow controller. The kinetic analyses and Arrhenius evaluations
that are used to relate fuel deposit characteristics to the changes in fuel
composition based on a first-order rate mechanism were the only
concentration variables in the fuel component. This air flow is of utmost
importance because of the necessity to provide a very high concentration
of oxygen compared to the amount of fuel components that will produce
fuel deposits at the test condition.

4. The duration of each ECA test was established by measuring the time
necessary to condense a gravimetrically determinable fuel deposit on a 4
square inch coupon. For the selected fuels in this study a 60-minute test
duration at temperature was usea, however, three to four hours was
necessary for JP-7 to provide a measurable deposit.

The ECA is shown in Figure A-1 in schematic form. During the tests conducted with the
fuel baseline and blend tasks, a modified test procedure was used and is outlined as follows: The
reaction chamber was manually filled with 1 liter of fuel to be tested. This would cover both the
susceptor and the induction coil. The induction heater leads, which are located inside the
reaction chamber, are coated with a composite material that has no effect on the thermal or
chemical stability of jet fuels at elevated temperatures and pressures. These leads were also
covered with fuel. After the fuel had been added, two sample coupons of stainless steel were
placed into the sample holder, Figure A-2. The platinum thermocouples were placed into the
susceptor and the sample holder was placed in the top of the reaction chamber. A visual
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inspction was madt. prior It, e'li hset irn om IIie top f' I lie l .A. Al. er onl'iriniig thal I h- coil.

SUs.cejVillr and s.11111t. cooiis wi'i re all in Iheir lpioptni plhues. Ile hop Was positioned witi an

AT( AElS 100ii2 2 At t Fl hli rin,'arliio: l~las h lller (i. 'I'lie r Iii i .iesystemi was ait ivat ei i
21)7 ki'a. tlie react ion clanilhor was pressure checked for leaks. and Ilien fhe pres-ire was
reduced ti al inispheric. This would colnplet v the lretlest set tp and chteckout.

The 15-kilowatt 'l'occo indu~ction heater was then brought on line per the manufacturer's

instructions and the temperature of the susceptor was increased from ambient to 38°C. The
snsceptor was held at this temperature for one minute to activate the Leeds and Northrop
Model 165 temperature controller. Next, the high pressure regulated air supply was activated

and Itle reaction chamber pressure was brought to 10',. above the psuedo-critical pressure. After
a stable pre.-sure was established, the Matheson mass flow controller was turned on and a
Ilowrate of :l1il SCCM of dry standard air was maintained during the remainder of the test.
With both the pressure and flowrate set and constant, the induction heater was turned to full
niwer and simultaneously cont rol was t ransferred t t lie temlerat ure controller. The Leeds and
Northrop controller not only controlled the maximum test temperature hut also would control
tie rate of healing or the variation of tenlperature flux to the fuel from the susceptor. A timer on
the Tocco control uunit was set to the required run time after the test temperature had been
reached.

At the conclusion of each test the reaction chamber was allowed to cool for one hour at, ambient pressure and at 300 SCCM of nitrogen as a system purge. The sample coupons
S (Figure A-3) were removed from the sample holder, washed with a solution of hexane and

toluene and placed in a vacuum oven at 100C for one hour at a pressure of five inches of

mercury. After the initial drying period, one sample coupon was labeled and placed into an
amber or brown jar, covered with a nitrogen blanket and sealed for shipment to Wright-
Patterson Air Force Base. The other coupon was weighted on a Mettler Model M5SA six place
to within 1 microgram. The coupon was then cleaned with a proprietary multiple-solvent to
remove all deposit material and the coupon reweighted. This gravimetric differential was used
as the basis for the specific deposit rate for the test fuel. Figure A-4 shows a series of sample
coupons from tests run from 121 to 2880C in 280 increments. Both the baseline and fuel blend
deposition rales were established as just described; refer to Appendix C.

Fuel samples for the peroxide analyses (as discussed in Appendix B) were taken
* immediately at the conclusion of the preset time at temperature. A 75 gram sample of fuel was

withdrawn, under pressure, into a nitrogen purged borosilicate glass sample bottle. The sample
was divided into at least three separate samples and each sample was analyzed for the level of
peroxide in parts per million per ASTM D-3703-78. Data and Arrhenius plots are presented in
Appendix D.
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Figure A-2. Sample Coupons Mounted in Holder

Figure A-3. Sample Coupons Removed from Holder and Washed
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Best Available Copy

Figure A-4. Sample Coupons Tested at Temrpe'rature's from 21 to 288*C



APPENDIX B

A TEST METHOD FOR THE DETERMINATION OF THE
PART-PER-MILLION LEVEL OF ACTIVE
OXYGEN IN AVIATION TURBINE FUELS

The products of auto-oxidation of gas turbine fuels contain substantial and measurable
quantities of oxygen in addition to other elements. Chemical mechanisms have been proposed
that treat the chemical reactions responsible for incorporation of molecular oxygen into the
products of fuel auto-oxidations. The procedure that follows is a modification of the ASTM
D3703-78, a standard test method for evaluating the peroxide number of aviation turbine fuels

and was used explicitly to determine the part-per-million level of peroxide in fuel samples. The
samples evaluated by this method were analyzed immediately after thermal stressing had been
completed on the experimental coking apparatus. Fuel samples were not held overnight ior
refrigerated due to potential continuation of possible peroxy-free radical reactions.

A sample of fuel to be tested was divided ;;.to three aliquots and weighed to ± 0.002 gram.
The sample was immediately sparged with pure, dry nitrogen gas. The sparging was carried out
in a 250 ml iodine flask for samples with a peroxide concentration of 75 ppm or more while a 500
ml iodine flask was used for concentrations less than 75 ppm. The iodine flasks and all other
equipment that came into contact with the fuel sample had been final rinsed with pure ethyl
alcohol just prior to use to remove any trace quantities of moisture. The iodine flasks also were
flushed with pure, dry nitrogen just prior to introduction of the fuel sample.

After the sample was sparged for a minimum of 3 minutes at a rate of 200 SCCM, 25 ml of
Freon 113 was added and the sparging was continued for a minimum of 5 minutes. A stirring
motor utilizing a magnetic stir bar was used to agitate the solution vigorously after the Freon
113 was added to the fuel sample. Without stopping the sparging, 20 ml of Ultrex acetic acid was
added followed by 2 to 3 ml of freshly prepared!stabilized potassium iodide.

Note: The use of the terminology "stabilized" may be misleading when used
without explanation. In these analyses, the potassium iodide was
prepared freshly on a daily basis as follows: First, 50 ml of deionized

w water was filtered (0.8 micron) and sparged vigorously with pure, dry
nitrogen for three minutes while the temperature was increased to 90°C.
Then, 75 grams of ACS reagent grade potassium iodide was slowly
added and magnetically stirred until the iodide was completely dis-- solved- Finally, the solution was cooled to room temperature and topped

off with nitrogen. Every effort wa made to ensure a "less than
detectable" amount of free iodine would be formed through complete
exclusion of molecular oxygen.

After the potassium iodide had been added, the nitrogen flow was increased to 500 SCCM
and held there for 30 seconds after which time the nitrogen flow was terminated and the flask
was set aside for 5 minutes ± 3 seconds. During this time, the peroxides present in the original
fuel sample react and oxidize iodide ion to free iodine which is then titrated with a standard
sodium thiosulfate as discussed in Section 8.3 of ASTM 3703-78. The resultant calculations of
parts-per-million were conver.ed into both millirmoles of active oxygen* per liter of fuel and
millequivalents of active oxygen p'r kilogram of fuel. Figure B-1 shows various chemical
apparatus used in these analyses and Table B-1 lists the specific chemicals.

Active oxygen is defined -- ore-half of the oxygen oi a fuel-derived hydrope:oxide. Millequivalent weight of 8.
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* Figure B-i. Chemical Apparatus Used During Analyses
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TFABLE 13-1

iPEIROXIDE ANAL YSIS EQLIIPMEN'T/MATERIALS

. Burets. Fisher Brand Machlett Automatic Burets

) Re.ervoir
SNaS.,. ('apacity Subdivision T7h'rance Capacity Cat. No.

0.I N 20i I/lO Xml ± 0.M2ml rXlnl 03-847A
-OOIN lml 5/lO(hn ± 0.06ml lO00ml 03.-847D

O.OffN 2.5ml 1/10ml ± 0.06ml 2000rl 03-847B
Freon 113 25mI 1/10mli ± 0.06ml 2000rl 03-847E

NOTE: Filters, Plugs, and Silica Gel Come With Burets.

Fisher Support Asembly for Machlett Burets, Rectangular Cast Iron Support

Model, 14-679

This Stand Is for One Buret Only. Included Are, Clamps and Ring Support--

- Fisher Scientific Co.

Graduated Cylinder With Stopper. Cat. No. 08-565D

Fisher Scientific Co.
Pyrex Brand Flask - 250ml, Cat. No. 10-094B

*] Stopper No. 14-640-3.

Fisher Scientific Co.

Kimax Brand Flask, 500rl, Cat. No. 10-096C

Fisher Scientific Co.

Kimax Brand. 25ml. Cat. No. 10-100H. Stopper No. 16.

VWR Scientifie Inc. Bhrosilicate Glass Pasteur Pipets.

- ILength 5.3/4 in. CaL No. 14673-010
~ ILength 9 in. Cat. No. 14673-043

I VWR Scientific Inc. Disposable Pasteur Pipets.

Length 5-3/4 in. Cat. No. 14672-200
Length 9 in. Cat. No. 14672-380

Fisher Scientific Co.

Coming Magnetic Stirrers, Model - PC353-14.511.200.

VWIt Scientific Inc.. Stir Bars. Magnetic. Star Head Nalgenc.

I Height Y Diameter = 5/16 x 3/8 in.. Nalge No. 6600-00-10. Cat. No., 58958-502
I Height X Diameter - 9/16 X 3/8 in.. Nalge No., 6600-00-14, Cat. No.. 58948-513.

Fisher Scientific Co.. Kimax Brand, Reusable Glass Culture Tubes.

ODx L
! 1 25 X 150, CaL No. 14-fs30-lOJ

Screw Caps. GCMI Size. 24-410, Cat. No. 14-930-15J.
Blue, Epoxy Coated Rack, 28 cm X 21 cm X 10 cm. Cat. No. 14-7934.

V I Fisher Scientific Co.
* !Balance-Mettler. PC Series. Model PC 220.

fMatherson

Regulator-Mode No., 3104.

- Fisher Scientific Co.. Racon I13, Freon.

Trichloro.l,2,2, Trifluoroethane.
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APPENDIX C

EXPERIMENTAL DEPOSIT RATE DATA OF SELECTED CLAY TREATED AIR FORCE
JET FUELS AS EVALUATED FROM THE EXPERIMENTAL COKING APPARATUS

'The Illowing deposition rate data were established for selected Air Force jet fuels between
250 and 550%F. Reaction pressures were held constant at 10',. above the pseudocritical pressure
for each fuel. Test parameters are (1) test temperature in degrees fahrenheit which reflects the
fuel deposit temperature at equilibrium during the ECA test, (2) test pressures are the total fuel
pressures recorded as pounds per square inch gage, and (3) air flow rate reported as standard
cubic centimeters per (SCCM) minute of 80°F air. Deposit rate data are presented as grams per
square centimeter-second, as normalized specific deposit rates.
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TABLE C-1,
CLAY TREATED JP-8 BASELINE

Test Test
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((gm/cm "? sec) 10-'.)
260 375 301 1.292
275 374 300 1.507
[15 371 302 2.691
359 381 303 3.870
362 384 298 3.870
393 376 298 6.028

; 440 375 299 8.826
441 380 299 9.687
483 381 301 13.445
539 382 303 17.976

TABLE C-2
CLAY TREATED JP-8, ANTIOXIDANT AT TWICE

MAXIMUM ALLOWABLE CONCENTRATION

Test Test

Temperature Pressure Airflow Deposit Rate
(OF) (psi) (SCCM) ((gm/cm 2 see) 10 -

O)

512 438 300 8.719
501 432 300 8.181
466 436 300 6.351
458 435 301 6.243
390 430 302 3.670
382 439 301 3.552
351 435 303 2.583
333 438 306 2.260
299 435 301 1.615
276 435 302 1.292

TABLE C-3
CLAY TREATED JP-8, ANTIOXIDANT AT

MAXIMUM ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((gm/CM 2 sec) 10-10)
531 381 302 12,271
497 385 301 10.226
472 384 300 7.998
423 376 300 5.812
381 375 300 4.090
350 381 300 2799
302 382 300 1.722

* 281 380 302 1.507
4 276 376 301 1.292
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TABLE C-4
CI.AY TREATED JP-8, ANTIOXI)AN'i' AT

MIDSPECIFICATION CONCENTRATION

4 Test Test
Temperature Pressure Airflow Deposit Rate

(
0 F) (psi) (SCCM) ((gm/cm 2 sec) Iogi"1

516 375 302 11.087
491 375 300 10.872
473 374 301 8.611
469 370 301 9.365
431 381 305 6.351
388 381 301 4.736
376 376 299 4.090
330 375 299 2.476
291 374 299 1.615

-_ TABLE C-5

CLAY TREATED JP-8, ANITOXIDANT AT
MINIMUM EFFECTIVE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(I F) (psi) (SCCM) ((gm/cm 2 sec) 10-10)

536 380 301 16.038
502 380 300 12.163
457 381 300 8.719
433 375 300 7.212
393 375 301 5.059

341 376 302 3.014
300 374 302 1.938

___ 278 373 301 1.399
261 374 303 1.076

TABLE C-6
CLAY TREATED JP-8, CORROSION INHIBITOR
AT MINIMUM EFFECTIVE CONCENTRATION

Test Test

Temperature Pressure Airflow Deposit Rate
(*F) (psi) (SCCM) ((gm/cm 2 sec) 10 - 0)
279 376 301 1.722
291 374 301 1.830
400 381 300 6.459
415 380 300 6.566

A-, 515 379 300 16.038511 380 301 16.899

0
a14
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TABLE C-7
CIAY 'rlEATEIJIP-3, COiIIOSION INHIIBI'I'Oi{ AT

S'TWICE MAXIMUM AI,I,OWAI IlE CONCENTHIA-
TION

[ Test Test

Temperature Pressure Airflow Deposit Rate
R(sF) (i) (SCCM) ((gm/cm2 sec) 10 '*)

{ 375 375 301 1.615

376 376 301 1.722
377 371 301 6.135
376 376 301 6.351
374 374 300 14.639
381 381 300 17.007

TABLE C-8
CLAY TREATED JP-8, ICING INHIBITOR AT

THREE TIMES MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(°F) (psi) (SCCM) ((gm/cm 2 sec) 10-0 )

280 376 301 1.722
289 375 302 1.615
394 381 300 5.490
396 380 300 6.028
526 376 '300 16.469
513 378 296 16.792

TABLE C;9

CLAY TREATED JP-g, ICING INHIBITOR AT LOW
RELATIVE CONCENTRATION RELATIVE

' ITO MAXIMUM

Test Test
Temperature Pressure Airflow Deposit Rate

(0F) (psi) (SCCM) ((gm/cm2 sec) 10-0)

273 375 301 1.5069
284 376 301 1.5069
396 377 298 6.2431
402 374 298 6.3507
521 371 300 17.76
520 381 298 16.361

TABLE C-10
CLAY TREATED JP-8, CONDUCTIVITY ADDITIVE

AT MINIMUM EFFECTIVE CONCENTRATION
Test Test

Temperature Pressure Airflow Deposit Rate
(OF) (psi) (SCCM) ((gm/cm 2 see) 10-10)

'' 1 283 375 300 1.722
317 376 301 2.476
400 375 300 6.243

446 376 299 9.365
497 380 299 14.531

*.-4!. : 535 381 298 19.375
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CATE E TABLE C-11

CLAY TREATED JP-8, CONDUCTIVITY ADDITIVE
AT MAXIMUM ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(0 F) (psi) (SCCM) ((gt/ "cm ;Cc) 1tY"')

01 283 375 301 1.615
289 380 300 1.937
316 380 300 2.58.3
355 380 299 4.090
400 381 298 6.674
443 376 298 9.795
485 376 300 13.993
521 372 301 18.837

TABLE C-12
CLAY TREATED JP-8, CONDUCTIVITY ADDITIVE

AT TWICE MAXIMUM ALLOWABLE CONCENTRA-
0- TION

Test Test
Temperature Pressure Airflow Deposit Rate

C(F) (psi) (SCCM) ((gm/cm 2 sec) 10- 10)

286 376 301 1.830
310 375 302 2.476
343 376 301 3.375
389 380 300 6.458
431 380 300 9.257
463 380 301 13.132
497 376 301 16.361
523 375 300 20.021

TABLE C-13
CLAY TREATED JP-8, CONDUCTIVITY ADDITIVE

AT THREE TIMES MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

CF) (psi) (SCCM) ((gm/cm 2 sec) 10 - 'o)

289 375 302 2.045
322 371 301 3.337
348 371 301 4.198
398 373 301 7,535
447 380 302 11.302
488 380 303 17.653
511 376 303 19.590
516 374 301 21.529

0
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T'ABLE C- 14
CLAY TIREATED JP-8. METAL DEACTIVA'I'OR AT

THREE TIMES MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(
0 F) (psi) (SCCM) ((gm/cm2 sec) 10 - ) 4
527 376 300 27.23
511 379 300 23.681
474 380 300 17.545
408 381 301 9.257

'. . 358 381 299 5.059
321 382 298 3.552
291 383 299 2.153
281 381 300 2.045

: TABLE C-15,

CLAY TREATED JP-8, METAL DEACTIVATOR AT
MAXIMUM ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airlow Deposit Rate

-, (OF) (psi) (SCCM, ((gm/cm 
2 see) 10 - 'o)

528 379 300 19.483
494 381 301 14.424428 381 302 8.181
362 381 303 4.306

319 381 301 2.583
289 381 300 1.722
280 382 300 1.615

TABLE C-16
CLAY TREATED JP-8, METAL DEACTIVATOR AT

TWICE MAXIMUM ALLOWABLE CONCENTRA-
TION

i4
Test Test

Temperature Pressure Airflow Deposit Rate
PF) (psi) (SCCM) ((gm/cm2 sec) I0

- 10)

511 379 300 0.236
492 380 300 i0.146

419 381 301 8.611
418 382 302 7.858
358 381 303 4.306
319 381 304 2.906
285 380 300 1.722
284 376 300 1.830

f I 6
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TABIAE' C- 17-" ('I ,~C AY 'RIWATIED 1 P-4 BASEII NE

Test Test
Temperature I'ressure Airflow Deposit Rate

(F) (psi) (MM ((gmlcm 2*' See) 10 .9)

257 424 300 0.474
279 426 299 0.689
329 425 299 1.249
374 426 299 2.368
401 424 300 2.928
435 427 300 4.779
480 425 299 6.114
482 427 300 6.415
535 426 30 11.410

TABLE C-18
CLAY TREATED JP-4 WITH 10% AROMATICS,

ANTIOXIDANT AT MINIMUM
EFFECTIVE CONCENTRATION

n Test Test
Temperature Pressure Airflw Deposit Rate

(OF) (psi) (SCCM) ((gmICm 2 sec) 10.9)

283 427 295 0.614
278 425 295 0.614
321 425 296 1.055
369 423 295 1.862
391.5 425 296 2.508
421 426 294 3.143
440 425 296 4.004
472 46 295 5.425

S485 427 296 5.500
532 425 295 8.751
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TABLE C-19.
(CI,AY TREAT ED .AP-4 WITH 10% AIROMATICS.

AN'IOXID)AN' A T WICE MAXIMr.M
ALLOWABILE CONCFN'I'IIATION

Test Tst =

Temperature Pressure Airflow Deposit Rate
(F) (psi) (SCCM) ((gm/cm? sec) 10-9)

533 425 300 3.713
509 425 300 2.982
471 425 301 2.422
416 427 301 I.475
366 423 299 1.001
357 422 300 0.958

307 424 300 0.576
258 421 299 0.334

TABLE C-20
CLAY TREATED JP-4 WITH 10% AROMATICS,

ANTIOXIDANT AT MIDSPECIFICATION
CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit RaterF) fagi ($CCM) ((gM!Cr2 see) 10- )

519 425 300 5.888

48W 429 300 3.961
472 428 302 4.004
428 427 301 2.659
39 1 428 301 1.841
327 425 301 1.012
325 425 302 0.926
283 425 301 0.560
252 425 303 0.398

TABLE C-21
CLAY TREATED JP-4 WITH 10% AROMATICS,
ANTIOXIDANT AT MAXIMUM ALLOWABLE

CONCENTRATION

Test Test
- Temperature Pressure Airflow Deposit Rate

(F) (psi) (SCCM) ((m/lmcr -e-c) 10 - 9)
!38 425 301 4.628

527 423 300 4.069
483 424 300 3.315
449 424 300 2.314
408 422 300 1.919
403 423 302 1.572
342 423 301 0-9
333 422 300 0.797

.- 3 233 424 300 0.46
253 423 30 0.334
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TABLE C-22
CLAY TREATED JP-4 WITH 1o" AROMATICS,

CORROSION INHIBITOR AT TWICE MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(0 F) (psi) (SCCM) ((gm/cm 2 see) 10 9)
285 419 305 0.710
287 423 302 0.732
400 422 300 3.078
509 425 298 8.493
510 419 300 8.956

TABLE C-23
CLAY TREATED JP-4 WITH 10",, AROMATICS,

CORROSION INHIBITOR AT MINIMUM EFFEC-
TIVE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(F) (psi) (sCcM) ((gm/cm2 sec) 1o-9)
283 422 301 0.743
290 426 302 0.732
399 .419 304 2.809
497 422 300 8.041
506 425 300 8.008

TABLE C-24
4 CLAY TREATED JP-4 WITH 10% AROMATICS,

ICING INHIBITOR AT LOW RELATIVE
CONCENTRATION RELATIVE TO MAXIMUM

Test Test
Temperature Pressure Airflow Deposit Rate

(OF) (psi) (SCCM) ((gm/cm2 sec) I-)

296 422 305 0.926
306 426 304 0.9150
399 425 300 3.078
490 421 304 6.652

- 504 419 300 8.546

TABLE C-25
CLAY TREATED JP-4 WITH 10% AROMATICS,

ICING INHIBITOR AT THREE TIMES MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Press.re Airflow Deposit Rate

(0F) (psi) (SCCM) ((gm/cm2 sec) 1W9)

300 423 300 0.829
302 420 298 0.990
393 418 304 2.723
497 419 301 7.330
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I I 'ITABLE, C-26;

('ON IAlICTIV lITY Al ) )I'IVVlN' P1I AT l F l M l'e
MAXIMU1M ALL()WAHIE CONCEN'PRA'IION

'lTest Test
Temperature Pressure Airflow Djeposit Rate

(OF) ~ (si) ('SCCMV ((gm/cm2 see) i0-')
409 426 301 3.778
508 427 299 11.194
492 421 296 9.052

444 423 296 5.726
.3396 423 300 3.541

342 429 302 1.722
312 421 305 1.141
296 419 303 0.926 I
28 422 302 0.753

TABLE C-27I
CLAY TREATED JP-4 WITH 10%, AROMATICS,

CONDUCTIVITY ADDITIVE AT TWICE MAXI-.MUM
ALLOWABLE CONCENTRATION

Test Tes t
Temperature Pressure Airflow Deposit Rate

(OF) (psi) (SCCM) ((gm/cm 2 sec) 10-9)
521 419 302 11.485

454 427 300 6.071
404 426 303 3.348
354 427 301 1.884
317 428 302 1.227
289 419 300 0.829
282 426 302 0.721

TABLE C-28
CLAY TREATED JP-4 WITH 10%/, AROMATICS,

CONDUCTIVITY A4DDITIVE AT MAXIMUM

Tes t Tea t2

Temperature Pressure Airflow Deposit Rate
(OF) (psi) (SCCM) ((gm/cm 2 sec) 10-)

512 426 301 9.182
1~509 421 302 9.397

449 420 301 5.231
396 425 300 2.917
349 423 300 1.765
304 424 299 0.980
290 423 302 0.764
284 419 301 0.753

* LIS
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'I'ABII C-29
CLAY TREATED .JP-4 WITH I0, AROMATICS,

CONDUCTIVITY ADDITIVE AT MINIMUM
EFFECTIVE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(0F) (psi) (SCCM) ((gm/cm 2 sec) 10-9)

533 419 304 11.431

529 421 299 9.752
449 420 298 4.854
398 426 304 3.100
360 427 300 1.991
340 427 301 1.453
300 431 300 0.893
279 419 301 0.689

TABLE C-30
CLAY TREATED JP-4 WITH 10% AROMATICS,

METAL DEACTIVATOR AT ONE-HALF MAXIMUM
ALLOWABLE CONCENTRATION

51 Test Test
V Temperature Pressure Airflow Deposit Rate

(OF) (psi) (SCCM) ((gm/cm 2 sec) I0-9)

534 424 303 11.776
518 427 300 9.709
450 421 299 5.554
395 424 293 2.982
361 426 299 2.067
356 423 300 1.970
322 422 301 1.249
296 426 301 0.8719
283 427 301 0.7320

TABLE C-31
CLAY TREATED JP-4 WITH 10% AROMATICS,

METAL DEACTIVATOR AT MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(OF) (psi) (SCCM) ((gm/cm 2 sec) 10-9)

526 427 300 11.399
519 421 300 10.839

456 425 300 5.845
396 424 301 3.294
351 426 301 1.873

- 317 421 300 1.238
292 420 302 0.8719
282 422 300 0.7535

J
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TABLE (-32
CLAY TREATEI) IP-4 WITH 10",, AROMATICS,
METAL, )EACTIVATOR AT TWICE MAXIMUM

AIAOWABILE CONCIN'I'A'rION

I' est Test

Temperature Pressure Airflow Deposit Rate(0 (F) (psi) (SCCM) ((gmlcnt2 sec) 10-9)

286 425 300 0.818
293 424 301 0.947
321 429 301 1.345
352 428 31 2.C24
391 425 300 3.294
449 421 297 6.071
499 422 297 9.397
505 421 300 10.398
528 426 301 12.217

TABLE C-33
CLAY TREATED JP-4 WITH 10% AROMATICS,

METAL DEACTIVATOR AT THREE TIMES
MAXIMUM ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((gm/cm 2 sec) I0 -
9)

383 416 300 3.218
280 422 300 0.818
288 423 301 0.883
316 429 302 1.335
469 416 300 6.749
511 425 300 11.087
518 423 298 12.443
347 -24 299 1.959

TABLE C-34
CLAY TREATED JP-4 WITH 25%

AROMATICS BASELINE

Test Test
Temperature Pressure Airflow Deposit Rate

("F) (psi) (SCCM) ((gm/cm 2 sec) 10-8)

393 484 301 0.340
260 484 302 0.065
263 482 300 0.067
313 485 299 0.141
362 489 298 0.250
431 486 302 0.545
436 482 299 0.589

0 492 481 29C 0.865
513 483 301 1.137
540 482 300 1.429

.i:
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'yl (IAY TlIEATE'CAI), 11-. WITH 2.5", AROMAW'ICS,
ANTIOXI)ANT AT MINIMU1M
E FECTIVE, CONCRNTRA'I'ION

Test Test
Temperaure Pressure Airflow Deposit Rate

(OF) (psi) (SCCM) ((gm/cm 2 see) 10-8)

1543 493 302 1.282
5 527 495 301 1.016

482 490 301 7.115
429 491 301 4.704
385 496 300 3.014
350 491 300 2.024
315 486 303 1.259
285 487 300 0.861
256 493 304 0.603

TABLE C-36
CLAY TREATED JP-4 WITH 25% AROMATICS,

ANTIOXIDANT AT
*MIDSPECIFICATION CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(F) (psi) (SCCM) ((gmlon sec) 10- 9)

537 493 300 9.860
492 492 293 7J58
495 490 295 7.201
443 495 299 4.458
392 4b9 Zol 2,788

! 355 490 S00 1.970
349 490 300 1.948
280 495 302 0.635
319 494 304 1.238
261 493 300 0.603
275 495 2D9 0.614

TABLE C-37
P, LAY TREATED JP-4 WITH 25% AROMATICS,

ANTIOXIDANT AT MAXIMUM
* ALLOWABLE CONCENTRATION

Test Tost
Temperatu - Presswe Airflow Depe.it Rate

(YP) (psQ (SCCM) ((gmlcm' see) 1 -9)
545 491 301 9.418
601 49; 302 6.996

* 444 487 304 4.067
389 485 306 2.497
352 490 310 1.722
362 491 300 1.579
309 491 303 1.08-
296 495 301 0.882G
265 491 300 0.5135
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A TABLE C-38
CLAY TREA'rED J1-4 WITH 25"o, AROMATICS,

ANTIOXIDANrI AT TWICE MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(0F) (psi) (SCCM) ((gm/cm2 see) 10-9)

545 491 30 8.450
496 496 301 5.812
443 483 304 3.757
437 489 304 3.800
399 490 310 2.551
359 493 306 1.744
318 491 302 1.152
304 487 301 0.947
271 4q9 299 0.644

TABLE C-39
CLAY TREATED JP-4 WITH 25% AROMATICS,

CORROSION INHIBITOR AT TWICE MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((_gm/cm 2 sec) 10-9)

501 415 303 11.184
493 421 302 10.28
446 416 300 6.523
395 412 302 3.896
389 413 301 3.875

354 414 298 2.336
320 415 300 1.636

286 418 297 1.033

TABLE C-40
CLAY TREATED JP-4 WITH 35% AROMATICS,

CORROSION INHIBITOR AT MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
- Temperature Pressure Airflow Deposit Rate

("F) (psi) (SCCM) ((gmlcm 2 see) 10-9)

501 410 302 9.784
491 410 302 8.945

4. 394 414 303 3.692
291 418 310 1.033
289 411 305 0.9688

-'. -6
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TABLE C-41*
CLAY TREATED JP-4 WITH 25% AROMATICS,

CORROSION INHIBITOR AT
MIDSPECIFICATION CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

e(F) (psi) (SCCM) ((gm/cm2 sec) 10- )
497 414 302 10.204
496 415 300 9.7b4
398 410 301 3.584
292 410 302 1.001
285 410 303 0.920

TABLE C-42,
CLAY TREATED JP-4 WITH 25% AROMATICS,

CORROSION INHIBITOR AT MINIMUM
EFFECTIVE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(oF) (psi) (SCOM) ((gm/cm 2 see) 10-9)

504 412 302 10.538
496 414 300 9.375
399 413 301 3.875
298 415 302 1.152
298 409 301 1.066

TABLE C-43

CLAY TREATED JP-4 WITH 25% AROMATICS,
ICING INHIBITOR AT LOW RELATIVE

CONCENTRATION
RELATIVE TO MAXIMUM

Test Test
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((g.n/cm2 see) 10-9)

277 415 302 8.719
294 412 301 9.795
399 408 306 40.365
522 405 306 124.43
516 410 304 105.92

TABLE C-44.

CLAY TREATED JP-4 WITH 25% AROMATICS,
ICING INHIBITOR AT THREE TIMES MAXIMUM

ALLOWABLE CONCENTRATION

Test Test
Tempeiuture Pressure Air/low Deposit Rate

(F) (psi) (SCCM) ((gm/cm 2 sec) I0-9)

2 420 302 0.8826
285 421 299 1.001
398 421 300 3.692
499 416 300 10.280
509 412 302 10.516
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TABLE C-45

CLAY TREATED JP-4 WITH 25",, AROMATICS,
CONDIICTIVITY ADDITIVE AT THREE TIMES

MAXIMUM ALLOWABL'E CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(°F) (psi) (SCCM) ((gmlcm 2 sec) 10-9)

292 405 300 1.152
299 402 300 1.270
325 412 301 1.937
361 404 303 2.917
362 403 299 3.078
405 408 301 5091
448 407 297 7.610
491 406 299 12.185
497 404 300 12.077

TABLE C-46

CLAY TREATED JP-4 WITH 25% AROMATICS.
CONDUCTIVITY ADDITIVE AT TWICE MAXIMUM

ALLOWABLE CONCENTRATION

Test Test
: Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((gm/cm 2 sec) 10-9)

492 410 300 11.011
* 490 411 300 10.495

457 408 302 7.75
409 407 301 4.844

' 368 407 300 3.121
327 406 301 1.808
296 416 301 1.152
300 410 300 1.162

TABLE C-47
CLAY TREATED JP-4 WITH 25%, AROMATICS,

CONDUCTIVITY ADDITIVE AT MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
* Temperature Pressure Airflow Deposit Rate

(F) (psi) (SCCM) ((gm/cm 2 sec) 10-9)

498 410 301 10.893

497 412 301 10.398
449 408 302 6.953
407 408 316 7.050
369 406 310 2.842
327 409 300 1.330

304 410 302 1.313
292 413 304 1.098
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TABLE C-48
CLAY TREATED JP-4 WITH 25";, AROMATICS,

CONDUCTIVITY ADDITIVE AT MINIMUM
EFFECTIVE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(OF) (psi) (SCCM) ((gm/cm 2 sec) 10
9
)

287 412 301 1.012
304 410 301 1.173
324 412 298 1.159
365 411 295 2.73
407 406 299 4.155
455 112-7 300 7.050
494 411 300 9.634
507 410 300 11.194

TABLE C-49
CLAY TREATED JP-4 WITH 25% AROMATICS,

METAL DEACTIVATOR AT THREE TIMES
MAXIMUM ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCM) ((gm/cm 2 see) 10 - 9)

501 412 302 14.682
- 498 415 301 12.820

478 417 301 11.668
443 414 301 8.256
401 413 301 4.962
360 410 300 3.531
357 412 296 3.078
322 413 302 1.981
292 418 304 1.378
274 416 300 1.055

TABLE C-50
CLAY TREATED JP-4 WITH 25% AROMATICS,
METAL DEACTIVATOR AT TWICE MAXIMUM

ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(F) (psi) (SCCM) ((gm/cm 2 see) 10- 9)

516 414 302 13.423
491 415 301 11.690
447 419 302 7.276
393 418 300 4.510
358 417 310 2.852
318 416 306 1.744
292 417 302 1.270
271 416 310 0.9149
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TABLE C-51,
CLAY TREATED JP-4 WITH 25",. AROMATICS,

METAL DEACTIVATOR AT MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(SF) (pi) (SCCM) ((gm/cm2 sec) 10 -)

517 420 302 12.443
499 418 301 11.851
451 418 310 7.459
402 420 310 4.306
363 421 300 2.949
324 414 310 1.744
297 412 302 1.292
280 416 308 0.990

TABLE C-52.
CLAY TREATED JP-4 WITH 25% AROMATICS,

METAL DEACTIVATOR AT MINIMUM
EFFECTIVE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(F) (psi) (SCCM) ((gm/cm 2 sec) i0-9)

528 412 300 13.423
510 413 300 11.959
493 410 301 9.6 5
446 410 296 6.846
400 411 .301 3.875
356 411 299 2.659
297 418 30 1.1302
279 420 301 0.9149
327 417 310 1.851

TABLE C-53
CLAY TREATED JP-4 WITH 35%

AROMATICS BASELINE

Test Test
Temperature Pressure Airflow Deposit Rare

(F) (psi) (SCCM) ((gm/cm 2 sec) 10-8)
257 278 303 0.076

291 281 303 0.125
313 282 302 0.158
315 283 302 0.171
351 282 302 0.276
395 282 302 0.416

0 422 281 303 0.57
451 280 301 C.776
459 28 301 0.763

498 280 303 1.119
516 281 299 1.344
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~~TAIBI.I, C f5 I*

' ~~~~('I,AY' TIRI'ATIII).I'. WITII 35f', AIMMH AICS,-.

ANTI)X IDANT AT TWICI, MAXIMIIM
~~~AI.,WAIL, CONC'R'NTIR.ATION

1'est Test
Temperature Pressure Airflow Deposit Rate

(CF) (psi) (SCCM) ((gmn/ema- see) 10-'9)

538 312 301 10.463
482 310 301 6.835
434 311 302 4.662
394 31! 303 3.272
356 310 300 2.185
313 310 301 1.399
310 311 301 1.324
262 312 301 0.7535

'TABLE C-55
CILAY TREATED JIP-4 WITH 315",, AROMATICS,

ANTIOXIDANT AT MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((gm/cm 2 see) 10-9)

529 310 300 10.333
490 300 299 7.858
429 301 298 4.898
402 305 .99 3.617
.353 303 300 2.260
351 305 299 2.142
304 304 300 1.302
271 309 299 0.764
538 307 300 11.603

TABLE C-56
CLAY TREATED JP-4 WITH 35% AROMATICS.

ANTIOXIDANT AT
MIDSPECIFICATION CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

S(F) (psi) (SCUM) ((gm/cm 2 see) 10-9)

529 303 300 12.023
498 299 300 8.414

-' 483 300 300 7.556
- 438 298 301 5.371

394 am0 300 3.552
359 303 299 2.573
3.1 300 300 1.442
287 302 .300 1.098
256 30 300 0.721

' 74 ,

- _A



T. AIBLE C-57
O'LAY TREATEI).JI'-4 WITH 35', AROMATICS,

ANTIOXII)ANT AT MINIMUM
i'lFE(.IVEI CONCENTIRATION

Test Test

Trimperaturr I'rvssurc Airfliw Deposit Rate
.("F') (pi) (Sc':M) ((gn3/cm2 si'ej * U)

46 300 :w0 14.962
[ 494 305 300 9.655
i 488 .303 300 8.912

I448 305 301 6.727

I 410 303 300 4.790406 304 299 4.370

!i 351 310 299 2.573
321 304 299 1.733
284 305 300 1.119
262 300 300 0.807

TABLE C-58
CLAY TREATED JP-4 WITH 35", AROMATICS.

CORROSION INHIBITOR AT MINIMUM
* EFFECTIVE CONCENTRATION

Test Tes
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((agm/l e sc) 10-
)

296 456 307 1-270
297 456 304 1.-8
399 454 306 4.198
520 455 307 1.090
539 456 307 14.822

TABLE C-59

CLAY TREATED JP-4 WITH 35.7 AROMATICS,
CORROSION INHIBITOR AT

MIDSPECIFICATION CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

(*F) (psi) (SCCM) ((gm/cmz see) 10- 9)

* 280 452 303 1.195
281 449 306 1.044
396 451 302 4.521
531 452 303 14.09
540 459 304 16.40
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- - a!7. --- -A~

CL'IA ! I'AT. ! 1,1,1'-.I WITII 5- ARO(MAIC.,

(')II)SI()N INtlIiU'IT(0l AT NMAXIMIIM
AILL)WAILE C(NCEN!ITATION

T"est "rest
Temp.rature Pri-xsure Airlow 'Deposit llat

(IF) (psi) (SCCM) ((gmlcm sece) lt fl)

527 506 302 16.027
493 452 303 11.690
446 416 302 7.546
400 421 302 4.876
343 431 301 2.594
291 425 304 1.324
273 420 306 1.012

TABLE C-61.
CLAY TREATED JP-4 WITH 35%',, AROMATICS,
CORROSIGN INHIBITOR AT TWICE MAXIMUM

ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

('F) (psi) (SCCM) ((gm/cm se-. 10- -)

499 451 306 14.090
496 450 316 13.057
443 453 309 8.407
404 452 308 5.177
349 451 307 2.723
296 445 3C5 1.561
285 456 306 1.206
273 453 307 1.055

TABLE C-62
CLAY TREATED JP-4 WITH 35% AROMATICS,

ICING INHIBITOR AT THREE TIMES MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

4F) (psi) (SCCM) ((gm/cm " sec) I0 -
9)

287 447 302 1.270
292 447 303 1.313 j
405 445 302 4-521
502 449 304 11.173
513 450 303 13.487"

-1
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" . 'rABLEI, (7-63
:] CiAY TIEATIEl) .11-.4 WITH :15", AROlIATICS.

W ICING INHIBITOI{ AT IOW IEI,ATIVIE
CONCENTRiATIION

REIIATIVE TO MAXIMiM

7est Test
Temperature Pressure Airflow Deposit Rate

('F) (psi) (SCCM) ((gmlcrM2 se) 10 -')

296 448 303 1.432
3102 445 302 1.410
398 450 302 4.596
494 451 304 10.419
507 4.5.3 306 11.700

TABLE C-64-
CLAY TREATED JP-4 WITH 355; AROMATICS.

CONDUCTIVITY ADDITIVE AT MINIMUM
EFFECTIVE CONCENTRATION

Test Test
* Temperature Pressure Airflow Deposit Rate

(psi) (SCCM) ((gmlcm7 see) 10-0)

o 540 445 306 16.985
499 442 305 11.485
447 446 305 75.563
399 445 304 4.721
400 446 304 4.467
3.54 442 302 1745
301 442 301 1.412
281 444 306 1.076

TABLE C-65.
CLAY TREATED JP-4 WITH 35% AROMATICS,

CONDUCTIVITY ADDITIVE AT MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature ressure Airflow &-posit Rate

(ISi) (SCCM) ((gin femrn ,c) wo91

526 445 310 15.919
492 442 308 10.893
440 443 305 76.531w 1 405 442 306 5.231
400 446 305 4.-81
357 -449 304 3.059
304 446 306 1.550
281 47 304 1.1-3
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TABLE C-66
CLAY TREATED JP4 WITH 35% AROMATICS,

CONDUCTIVITY ADDITIVE AT TWICE _MAXIMUM
ALLOWABLE CONCENTRATION

Test Test
Temperature Pressure Airflow Deposit Rate

: F) _ (psi) (SCCM) ((bm/cm 2 see) 10n)

_516 442 304 -16.523
513 443 306 14.962
486 445 305 12.529
425 441 304 7.050
-391 445 302 4.628
-349 444 303 3.014
284 445 305 1.238

__290 442 305 1.302

TABLE C-67
CLAY TREATED JP-4 WITH 35% AROMATICS,
CONDUCTIVITY ADDITIVE AT THREE TIMES

-MAXIMUM ALLOWABLE- CONCENTRATION

Test =Test
Tempera 'u-re Piessure Airflow Deposit Rate

( Fi)---- - (SCCM) _((gmlcm 2 sec) iO-)
517 445 310 19.45
514- 447 308 17.298

t488 445 309 - 13.746
_438 -444 308 8.536
-396 442 305 5.619
356- 447 304 3.380

-292 446 299 1.58
-_ ,: _ =5294 448 302 1.432

TABLE C-68
CLAY TREATED JP4 WITH 35% AROMATICS,

:METAL DEACTIVATOR AT ONE-HALF MAXIMUM
ALLOWABLE CONCENTRATION

-Test Test
Temperature Pressure Airflow Deposit Rate

S--F) (psi) (ScGA) ((gm/C 2 see) M
-9)

-529- 445 310 15.888
496 446 312 12.852
-444. 443 311 75.563
399 445 310 4.790
394 449 309 4.876
371 440 310 3.757

- 345 445 309 2.659
L 296 446 310 1.496

277 445 _ 311 1.141
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TABLE C-69
CLAY TREATED JP4 WITH 35% AROMATICS,

METAL DEACTIVATOR AT MAXiMUM
ALLOWABLE CONCENT RATION

Test Test
Temperature Pressure Airflow Deposit Rate

C*) (psi) ('SCCM) ((gmlcm 2 sec) 10-)

518 442 310 16.792
1 485 443 302 12.529

433 445 306 7.416
394 445 307 5.307
350 445 308 2.992
288 444 304 1.464
286 444 303 1.335

TABLE-C-70
CLAY TREATED JP-4 WITH 35% AROMATICS,
METAL DEACTIVATOR AT TWICE MAXIMUM

X ALLOWABLE CONCENTRATION

Test TestTimp rature Presure AiIlow Deposit Rate

-) (si) ... (SCCM) = ((gm/cm2 se) 109 o)
523 446 303 19.493-

- - 520 446 304 17.986
485 4v45 305 14.617-

- 435 449 306 8.514-
3900 -441 305 5.436
345 442, 30& 3.423

298 443 305 1.722
294 445 304 1.798

TABLE C-71
CLAYTREATED JP;4 WITH 3591 AROMATICS,

METAL=DEACTIVATOR AT THREE TIMES
-MAXIMUM ALLOWABLE CONCENTRATION

TWit Test
Temperature Pressure Airflow Deposit Rate

F - si) (SCCM) ((gm/cm 2 see) 1O)
- 509 41 306 22.389

50844 304 19.99
475 4 302 16.156
430 444 302 9.548
384- 444 302 6.760
339 447 304 3.800
296 441 306 2.024

- - 294 442 308 2.045

-9
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3 TAI ,I,,1( C-72_,--4 ______--__ ,A___________,_A _____,_i___,________

KS N 7"4cst Test

"T'mptratlure Pressure Airflow fl),posii Rate
-IF) (psi) (SCM) ((gmicn1 src) 10 11)

'320 349 .300 3.229
323 354 310 3.588
355 355 305 5.741
395 353 300 12.56
397 350 295 13.28
420 351 295 19.02440 346 295 22.96

519 347 300 62.43
541 350 300 83.24
544 352 310 91.49

TABLE C-73-
SHALE DERIVED LIGHT DIESEL OIL

(OCCIDENTAL OIL COMPANY)

* Test Test
Temperature Pressure Airflow Deposit Rate

--( F) (psi) (SeM) ((&1mcm 2 see) 10-6)

S257 382 298 0.573
284 385 301 0.756
326 380 300 1.068
362 385 301 1.417
402 384 29 1.880
431 390 29 2.283
445 384 300 2.586
483 3 301 329
-493- 384 301 3224
535 385 299 4.151
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APPENDIX D

EXPERIMENTAL PEROXIDE ANALYSES OF SELECTED CLAY TREATED AIR FORCE
JET FUELS WHICH HAVE BEEN THERMALLY STRESSED USING THE EXPERIMENTAL

COKING APPARATUS

The following data represent the peroxide concentrations found in selected, thermally
stressed jet fuels. These data correspond to data presented in Appendix C and were determined
using a modified ASTM 3703-78 as discussed in Appendix B. These data, as presented here,
consist of the fuel stress temperature in fahrenheit degrees, the concentration of active oxygen
in parts per million and the milliequivalent weight of oxygen per kilogram of fuel. Each datum is
an average of three analyses.
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TABI,' 1)-1
CLAY TREATED ,II-8 BASELINE

ECA Test Milliequ:,alents of
Temperature Parts per Million Oxygen per

(°F) of Peroxide Kilogram of Fuel

260 0 0275 0 0
315 8.6 1.1
359 13.3 1.7
362 15.9 2.0
393 23.3 2.8
440 31.0 3.9
441 32.4 4.0
483 50.5 6.3
539 68.4 8.5

Linear Regression Data:

0.002369/300*F = -0.0426
0.002096/4000 F = 0.4392
0.001876/5OOF - 0.8276
0.001697/6000 F = 1.1423

Activation Energy 8077 cal/mole
Pre-exponential Factor = 1.373 X 104

TABLE D-2
CLAY TREATED JP-8, ANTIOXIDANT AT

TWICE MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(* F) of Peroxide Kilogram of Fuel

512 47.2 5.9
501 40.3 5.0
466 25.4 3.2
458 27.0 3.4
390 i5.0 1.9

382 13.6 1.7
351 9.9 1.2
333 9.4 1.2
299 3DL
276 Br)L

Linear Regression Data:

0.002369/300 0 F = -0.1379
0.002096/400oF = 0.3160
0.001876/500OF 0.6819
0.001697/600°F 0.9784

Activation Energy f 7609 cal/mole
Pre-exponential Factor 6.316 X 101

*1
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- I 'TABILE I)-:,
CLAY IIREATED JP-8, ANTIOXIDANT AT

THE MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequivalents ol
Temperature Parts per Million Oxygen per

(0 F) of Peroxide Kilogram of Fuel

531 50.0 6.3

497 36.8 4.6
472 35.2 4.4
423 20.5 2.6
381 14.2 1.8

50 10.6 .3

:302 8.4 1.0
281 BDL -

276 BDL

Linear Regresion Data:

0.002369/3000F = -0.0508
0.002096/400" F = 0.3564
0.001876500F - 0.6847
0.001697/600*F = 0.9506

- Activation Energy 6826 cal/mole
Pre-exponential Factor = 3.034 X 10

TABLE D-4
CLAY TREATED JP-8, ANTIOXIDANT AT
MIDSPECIFICATION CONCENTRATION

ECA Test Milliequivalents of
"I-'- Temperature Parts per Million Oxygen per

(0 F) of_ Peroxide Kilogram of Fuel

516 53.2 6.7
491 48.1 6-0
473 38.4 4.8
469 32.0 4.0
431 25.8 3.2

4 I 388 16.2 2.0

376 11.1 1.4
330 9.7 1.2
291 BDL -

Linear Regression Data:

0.002369/300"F = -0.151
0.002096/400*F = 0.356

10 0.001876/5000 F - 0.764
0.001697/600 0 F = 1.096

Activation Energy 8507 cal/mole
Pre-exponential Factor 1.7808 X 104
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TABLE D-5.
CLAY TREATED JP-8, ANTIOXIDANT AT
MINIMUM EFFE4CTIVE CONCENTRATION

ECA Test Millie quiva tents of
Temperature Parts per Million Oxygen per

('F) (if Peroxide Kilogram of Fuel
5:16 62.8 7.9
502 51.65.
457 29.6 3.7

-~433 26.4 2.6
393 21.2 2.6
341 11.2 1.4
300 8.2 1.0
278 BDL

261 BDL

Linear Regression Data:
0.002369/300*F = -0.0167
0.002096/4000F = 0.4179
0.001876/5000 F = 0.7682
0.001697/600OF = 1.0521

Activation Energy =7285 cal/mole

Pre-exponential Factor =5.673 X 16"

TABLE D-6
CLAY TREATED .JP-8, CORROSION
INHIBITOR AT TWICE MAXIMUM

ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
-NTemperature Parts per MiIL-*#n Oxygen per
--A(0 ) of Peroxide Kilogram of Fuel

281 BDL
284 8.5 1.1
394 18.2 2.3
407 18.6 2.3
512 55.6 6.9
514 59.0 7.4

____Linear Regression Data:
*0.002369/300OF = -0.031

0.002096/400'F = 0.439
0.001876/50OT - 0.768
0.001697/600OF = 1.034

Activation Energy =6840 cal/mole
Pre-exponential Factor =3.723 X 1W~
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'TABLE 1)-7
C1AY REA'11I) .J-T.E . CORIiOSION

INHIBITOR AT MINIMU1M
EFF'IT IV, CONCEINTRIATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

( F) of Peroxide Kilogram of Fuel

279 8.2 1.0
291 -
40L 22.9 2.9
415 21.9 2.7
515 52.8 6.6
511 47.5 5.9

Linear Regression Data:

0.002369/300°F = 0.083
0.002096/400°F = 0.449
0.001876/5000F = 0.745
0.001697/600°F = 0.984

Activation Energy = 6146 cal/mole
Pre-exponential Factor 1.836 X 16:

TABLE D-8
CLAY TREATED JP-8, ICING

INHIBITOR AT LOW RELATIVE
CONCENTRATION RELATIVE TO MAXIMUM

ECA Test MilliePMuivalents of
Temperature Parts per Million Oxygen per

('F) of Peroxide Kilogram of Fuel

273 BDL -
284 1.6 0.2
396 21.8 2.7
402 21.1 2.6
521 55.0 6.9
520 50.9 6.4

Linear Regression Data:

0.002369/300OF = -0.428
0.002096/400'F = 0.261

* 0.001876/5000 F = 0.816
0.001697/600*F = 1.265

Activation Energy = 11,540 cal/mole
Pre-exponential Factor = 3.509 X 105

, __-
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TAti,E, !)

CI,AY 'I'IEA'I'I) ,11 ( IN(;
INHItITOR) AT'r'lll,'E TIMIES

MAXIMUM AI.IOWAIWE, CONCEN'I'I{A'I'ION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

- (0F) of Peroxide Kilogram of Fuel

280 8.1 1.0
289 7.9 1.0
394 16.7 2.1
396 19.8 2.5
526 47.5 5.9
513 61.8 7.7

Linear Regression Data:

0.00236913000F = 0.044
0.002096/400oF = 0.432
0.001876/500°F = 0.744
0.001697/600 F = 0.997

Activation Energy 6,490 cal/mole
Pre-exponential Factor - 2.533 X i&

TABLE D-10
CLAY TREATED JP-8, CONDUCTIVITY

ADDITIVE AT THREE TIMES MAXIMUM
* ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(°F) of Peroxide Kilogram of Fuel

289 7.9 1.0
322 7.8 1.0
348 12.3 1.5
398 17.9 2.92
447 36.8 4.6
488 42.8 ..
fill 48.0 6.0
516 57.0 7.1

Linear Regression Data:

*0.002369/300OF = -0.031
0.002096/400OF = 0.413
0.001876/500 0 F - 0.772
0.001697/600OF = 1.062

Activation Energy = 7,455 cal/mole
Pre-exponential Factor 6.717 X I&'*
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TABLE D-I1
CLAY TREATED JP-8, CONDUCTIVITY

ADDITIVE AT TWICE MAXIMUM
ALLOWABLE ( NCEN T RATION

.CA Test Milliequivalknts of
Temperature Parts per Million Oxygen per -*=

(*F) of Peroxide Kilogram of Fuel

2W6 6.8 0.9
310 8.6 1.I
343 10.0 1.2
389 20.9 2.6
431 22.0 2.7
463 41.4 5.2
497 42.7 5.3
523 64.3 8.0 -

Linear Regression Data:

0.002369/3009F = -0.036
0.002096/400*F = 0.414 1
0.001876/500°F = 0.777
0.001697/600OF = 1.072

Activation Energy = 7,552 cal/mole
Pre-exponential Factor 7.456 X 103

TABLE D-12
CLAY TREATED JP-8, CONDUCTIVITY

ADDITIVE AT THE MAXIMUM

ALLOWABLE CONCENTRATION

ECA Test Mit wquiualents of
Temperature Parts per Million Oxygen per

(0 F) of Peroxide Kilogram of Fuel

283 BDL
289 9.2 1.2
316 9.9 1.2
355 12.0 1.5
400 20.7 2.6
443 26.1 3.3
485 55.7 7.0
521 50.8 6.4

Linear Regression Data:

0.002369/300oF = 0.031
0.002096/4000 F = 0.434
0.001876/500OF = 0.759

0.001697/600'F = 1.023

Activation Energy 6,757 cal/mole
Pre-exponential Factor - 3.377 X l&I
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TABLE D-13
CLAY TREATED) JP.8, CONDUCTIVITY

ADDITIVE AT MINIMUM
EFFECTIVE CONCENTRATION

RCA Test Millie quivalents of
Temperature Parts per Million Oxygen per

('F) of Peroxide Kilogram of Fuel

283 6.2 0.8
317 7.3 0.9
400 23.0 2.9
446 29.0 3.6
497 56.2 7.0
535 76.0 9.5

Linear Regression Data:

0.002369/3000 F = -0.070
0.002096/4000 F = 0.430
0.0018761500 0F = 0.833
0.0-01697/600WF = 1.159

Activation Energy = 8,378 cal/mnole
* Pre-exponential Factor =1.846 X 1W~

TABLE D-4
CLAY TREATED JP-8, METAL
DEACTIVATOR AT MAXIMUM

ALLOWABLE CONCENTRATION

ECA Test Milliequivailts .-
Temperature Parts per Million Oxygen per

(OF) of Peroxide Kilogram of Fuel

528 67.8 8.5
494 48.3 6.0

-~ I424 34.8 4.3
.162 1822.3

319 8.2 1.0
289 8.1 1.0
289 7.8 1.0

Linear Regression Dita:

0.002369/300*F = 0.0446
*0.002096/400*F = 0.4828

V. 0.001876/500 0 F - 0.8360
0.001697/600"F = 1.1222

Activation Energy =7,345 cal/mole
Pre-exponential Factor 7.0177 X 10
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TABLE D-15
CLAY TREATED JP-8. METAL

DEACTIVATOR AT TWICE MAXIMUM
ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(OF) of Peroxide Kilogram of_ Fuel

513 63.0 7.9
492 53.1 6.6
419 33.1 4.1
418 24.8 3.1
3:58 17.1 2.1

A 319 12.0 1.5
285 6.5 0.8
284 7.1 0.9

Linear Regression Data:

0.00.369/300 0 F = 0.0337
0.002096/400O F = 0.4885
0.001876/500 0 F = 0.8552
0.001697/600 0 F = 1.1523

Activation Energy = 7,625 cal/mole
Pre-exponential Factor = 9.551 X 10

TABLE D-16
CLAY TREATED JP-8, METAL

DEACTIVATOR AT THREE TIMES
MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Milion Oxygen per

('F) of Peroxide Kilogram of Fuel

527 78.5 9.8
511 73.1 9.1
474 41.7 5.2
408 27.4 3.4
358 18.5 2.3
321 15.1 1.9

291 8.4 1.1
281 6.0 0.7

Linear Regression Data:

0.002369/300° F = 0.0636
0.002096/400*F = 0.5205
0.001876/500*F = 0.8888
0.001697/600OF = 1.1872

Activation Energy = 7,659 cal/mole
Pre-exponential Factor f 1.0656 X 104
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TiABLE, 1)-17 ,
CLAY TREATED JP- tASTELINE

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

("F) of Peroxide Kilogram of Fuel

257 6.5 0.8
279 6.8 0.8
399 17.5 2.2
374 26.6 3.3
401 30.1 3.8
4:15 79.9 10.0
480 105.6 13.2
482 116.8 14.6

535 158.8 19.9

Linear Regression Daita:

0.009 369/300"F = 0.133
0.002096/400"F = 0.715
0.001876/500*F = 1.184
0.001697/600F - 1.564

-NActivation Energy f 9,758 cal/mole
Pre-exponential Factor = 1.524 X IC"0I

TABLE D-18
CLAY TREATED JP-4, ANTIOXIDANT

AT TWICE MAXIMUM
ALLOWABLE CONCENTRATION

ECA Test Millicquivalents of
Temperature Parts per Million Oxygen per

(*F) of Peroxide Kilogram of Fuel

9-58 4.2 0.5
307 5.8 0.7
3.57 12.2 1.5
366 8.8 1.1
416 18.5 2.3
471 34.8 4.3
509 6.1 4.5
533 44.85.6

Linear Regression Data:

0.002169/300°F = -0.125
0.002 6/4000 F = 0.303 1
0.001876/500OF - 0.648
0.001697/6000F = 0.928

Activation Energy = 7.175 cal/mole
Pre-exponential Factor 3879 X 13

114 n

VI

-j-I

-,!



~ ~TABILE 1)- 9

CLAY TREATEI) .! P.4, ANTIOXII)ANT
AT THE MAXIMUM

ALLOWABLE CONCENTIRATION

4ECA Test Afilliequivalents of

Temperature Parts per Million Oxygen per
C (F) of Peroxide Kilogram of Fuel

253 4.8 0.6
283 4.9 0.6
333 9.1 1.1
342 13.1 1.6
403 18.6 2.3

408 24.8 :1.1
449 32.5 4.1
483 43.8 5.5
527 58.A 7.3
5:13 74.8 9.3

Linear Regression Data:

0.002369/300oF = -0.0 15
0.002096!400'F = 0.419

0.001697/600oF = 1.097

Activrtion Energy 7,788 cal/mole

Pre-exponential Factor = 9.672 x 10"'

TABLE D-20
CLAY TREATED JP-4, ANTIOXIDANT

AT MIDSPECIFICATION CONCENTRATION

ECA Test Afilliequivalents of
Temperature Parts per Million Oxygen per

(°F) of Peroxide Kilogram of Fuel

S52 5.6 0.7
2M 5.9 0.73
325 12.2 1.52
:327 10.2 1.3

428 30.6 4.1

472 42.1 5.3

480 56.7 7.1
519 67.6 8.5

Linear Regression Data:

0.00239/300°F = 0.040
0.0020/6400*F = 0.500
0.001876/500°F = 0.871
0.001697/600 0F = 1.171

Activation Energy 7.710 cal/mole
lPre.exponential Factor 1.074 X 104
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CLA X I A''l).11' 1. ANTI( )XIIA NT
AT NI INI NI KFFECIT1"IIVi, 4ON( 'Ni'HA'FIO N

AWA Test Miquuiltusof

Ted npiratlure Parts pe'r Mfillion (hy gen per
"F) of Pernjde Kilog~ram of Fuel

2837.2 0.9
*278 6.7 0.8

321 12.6 1.6
369 18.4 2.3
391 29.5 3.7
421 33.2 4.1

.4440 36.3 4.5
472 66.4 8.3
485 58.4 7.3
532 89.3 11.2

Linear Regression Data:

0.002369/3000F 0.0.6
0.002096/400*F 0.546
0.001876/500 0 P 0.942
0 .001697/600 0F - 1.262

Activation Energy =8.218 cal/mole
Pre-esponential Factor =2.040 X 10W

TABLE D-22
CLAY TREATED JP-4, CORROSION

INHIBITOR AT MINIMUM
EFFECTIVE CONCENTRATION

ECA Test Miiliequitwlents of
Temperature Parts per Million Oxygen per

('F) of Peroxide Kilogram of Fuel

283 6.7 0.8
290 9.3 1.2
399 37.2 4.6
497 131.3 16.4

5416 03.613.6

*Linear Regression Data:

* 0.002369/3000 P 0.087
0.00296M/4000 F - 0.63
0.001876/500*F - 1.164
0.00169-7/600F = 1.5530

Aetivation Energy 9,995 cal/mole
Pre-exponential Factor - 1.82 x W0
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'TABLE D-23
CLAY TREATEI) .JP-4. CORROSION
INHIBITOR AT TWICE MAXIMUM

ALLOWABLE CONCENTRATION

ECA Test Milliequitualents of
Temperature Parts per Million Oxygen per

(CF) of Peroxide Kilogram of Fuel

285 10.2 1.3
287 7.4 0.9
400 52.1 6.5
509 107.2 13.4
510 144.4 18.1

Linear Regression Data:

.001369/300*F = 0.150
0.002096/400* F = 0.720

-_ 0.001876/-000 F = 1.179
0.001697600OF = 1.551

Activation Energy 9,553 cal/mole
Pre-exponential Factor = 1.243 X !0"

TABLE D-24
CLAY TREATED JP-4. ICING

INHIBITOR AT THREE TIMES
MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequitmixnts of
Temperature Parts per Million Oxygen per

(IF) of Peroxide Kilogram of Fuel

:t0 9.2
302 1.1 1.5
393 46.3 5.8
491 90.4 11.3

497 124.9 15.6

Linear Regression Data:

0.002369/3000 F = 0.134
O.0W2096I400 0 F = 0.709
0.00187615000 F = 1.172
0.001697/600*F 1.548

w Activation Energy 9,634 cal/mole
Pre-exponential Factor = 1.319 x 1W

P
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CIAY TitlEA'ril) JI4, IWING;

INHI ilU'rOlt LO AW RIt ,ATIVI,'
(ONCIENTPIiATION 'rO MAXIMOM

ECA Test Milliquivalents of
Temperature Parts per Million Oxygen per

(C ) a oPeroxide Kilogram of Fuel

296 8.4 1.0
306 10.7 1.3
399 45.3 5.7

490 98.7 12.3
540 138.3 17.3

Linear Regression Data:

0.002369/300*F = 0.092
0.002096/400'F = 0.665
0.001876/500OF O 1.128
0.001697/600OF = 1.502

Activation Energy = 9,613 cal/mole
Pre.exponential Factor - 1.168 X 105

TABLE D-26
CLAY TREATED JP-4, CONDUCTIVITY

AT MINIMUM EFFECTIVE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(oF) oL Peroxide Kilogram of Fuel

280 8.6 1.1
296 8.3 1.0
312 15.7 2.0
342 17.4 2.2
396 33.7 4.2
444 77.6 9.7
492 97.7 12.2
508 157.6 19.7
409 46.3 5.8

Linear Regression Data:

0.002369/300-F = 0.122
0.002096/4000 F = 0.712
0.001876/500F = 1.188
0.001697/600oP = 1.574

Activation Energy 9,897 cal/moleIi
Pre-exponential Factor - 1.755 X W

__ -118
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TABLE D-27
CLAY TREATED JP-4, CONDUCTIV ITIY

AD)DITIVE AT TWICE MAXIMUM
ALLOAWMALECONCENTRATIION

E('A TPest PrsprMlin Millieuivalents of

(0) fPeoxd Kilogram o, Fuel
282 8.6 1.1
289 11.1 1.4
317 14.3 1.8
3154 32.5 4.1
404 46.2 5.8
454 110.8 13.9
516 172.2 21.5
521 222.3 27.8

Linea~r Regression Data:.
0.002369/300"F 0.184
0.002096/400OF = 0.809
0.001876/500*F = 1.312
0.001697/600 0F = 1.720

* ctivation Energy 10,741 cal/mnole
Pre-exponential Factor -4.016 X W'~

TABLE D-28
CLAY TlREATED) JP-4, CONDUCTIVITIY

A1DtTIVE AT THE MAXIMUM
ALLOWABLEA CONCENTRATION

EGA Test Millie quivalents of
Temperature Parts per Million Oxygen per

6 )of Peroxide Kilogram of Fuel
284 7.8 1.0
290 6.7 0.8
304 12.8 1.6
349 18.4 2.3
396 86.7 10.8
449 94.4 11.8
50q 158.8 19.9
~512 176.6 22.1

Linear Regression Data:
0.002369/300cF = 0.114
0.002096/400'F = 0.787
0.001876/5000F = 1.330
0.001697/600OF = 1.770

Activation Energy 1 1,29n cal/mole
Pre-exponential Factor =9.062 X W0'

5- j
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TABLE D-29
CLAY TRIEA'EI) .11P.4, CONDUCTIVITY

ADDITIVE AT THREE TIMES MAXIMUM
ALLOWABIE CONCENTRATION

ECA Test Milliequivalents of
Temperature Pa. per Million Oxygen per

(*F) u, Peroxide Kilogram of Fuel

279 27.7 1.6
_ '300 14.8 1.8

340 22.1 2.8
360 36.3 4.5
'398 48.4 6.0
449 129.2 1-3.2
529 264.4 33.1
533 201.9 25.2

Linear Regression Data:
0.002369/300F = 0.276
0.002096/4000F = 0.864
0.001876/5000 F = 1.337
0.001697/600OF - 1.721

Activation Energ. = 9,847 cal/mole
Pre-exponential Factor = 2.631 X 10s

TABLE D-30
CLAY TREATED JP-4, METAL

DEACTIVATOR AT THREE TIMES
MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(OF) of Peroxide Kilogram of Fuel

383 51.9 6.5
280 12.1 1.5
288 12.4
316 17.1 2.1
469 174.6 21.8
511 255.4 31.9
518 293.6 36.7
347 37.6 4.7

Linear Regression Data:
0.002369/3W7 - 0.290
0.002096/400'P = 0.943
0.001876/5oF = 1.469
0.001697/600 0F = 1.896

- Activation Energy = 10,951 cal/mole
Pre-exponential Factor = 9.066 X 10

120
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: TABLE D-31,CLAY TREATED JP-4, METAL

4 . ," DEACTIVATOR AT T WICE MAXIMUMALLOWABLE CONCNTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

C (° of Peroxide Kilogram of Fuel

206 9.3 1.2
293 14.9 1.9

:-_ 321 15.3 1.9
352 33.6 4.2
391 40.3 5.0
449 98.8 12.4
499 186.8 23.4
505 203.3 25.4
528 222.3 27.8

Linear Regression Data:

0.002369/300'F = 0.213
0.002096/4000 F = 0.839
0.001876/5000 F = 1.344

* 0.001697/600*F = 1.752

Activation Energy 10,492 cal/mole
Pre-exponential Factor - 4.401 x 105

TABLE D-32
CLAY TREATED JP-4, METAL

DEACTIVATOR AT THE MAXIMUM
ALLOWABLE CONCENTHATION

4CA Test ,ltiequaslents of

Temperature Parts per Million Oxygen per

(0 F) of Peroxide Kiograrr, of Fuel

282 10.2 1.3
292 11.3 1.4
317 13.6 1.7
351 30.8 3.8
396 42.7 5.3
456 107.8 13.5
519 162.4 20.3
526 195.5 24.4

Linear Regression Data:

0.002369/300F = 0.201
0.00209$;/400 0 F = 0.792
0.001876/500F = 1.268
0.001697/6000F = 1.654

S Activation Energy = 9,899 cal/mole
Preexnential Factor 2.114 X 10:

us
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1WlACTI'VAT0)R AT

MIDISITEC 1FICATIION C(ON(11ENTHIATION

RCA Test Milliequiualents of
Temperature -Parts per Million Oxygen per

('F) of Peroxide Kilogram of Fuel2
283 7.3 0.9
296 13.3 1.7
322 14.1 1.8
356 31.6 3.9I
361 21.9 2.7

A _395 44.7 5.6

450 91.8 11.5
518 148.9 18.6
5:14 209.8 26.2

W____________

ALinear Regregsion Data:

o.002:169/300*F = 0.148
0.002096/4000F - 0.757
0,0018761500*F 1,249
0100169?/6000 F = 1.647

Activation Energy 10,221 cal/mnole
Pre-exponential Factor 7 '41 x 105

TABLE D-34
CLAY TREATED JP-4' WITH 25%/'

AROMATICS BASELINE

WCA Test Millie quivalents of
Temperature -Parts per Million Oxygen per

(F) of Peroxide Kilogram. of Fuel

393 49.7 6.2
260 11.3 1.4
263 7.3 0.9
31. 23.8 3.0

36231.6 3.9
431 71.2 8.9
436 100.8 12.6
492 165.3 20.7

*513 179.8 22.5
540 239.4 29.9

Linear Regression Data:
0.002369/300 0F - 0.314
0.002096/400'1- = 0.865
0.001876/500 0F - 1.309

*0.001697/600 0P = 1.669

Activation Energy =9,239 cal/mole
Pre-exponential Factor =1.247 X W0
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TABLE )-35
CLAY TREATEi) JP4 WITH 25",.

AROMATICS, ANTIOXII)ANT AT TWICE'
MAXIMUM ALLOWABILE CONCENTRATION

RCA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(01) of Peroxide Kilogram of Fuel
271 10.3 1.3
304 14.8 1.8
318 23.6 2.9
359 25.2 3.1
399 44.8 5.6
437 91.3 11.4
443 68.2 8.5
496 138.4 17.3
544 176.2 22.0

Linear Regression Data:

0.002369/300 0 F = 0.276
0.002096/4000 F = 0.792
0.001876/500 0 F = A.208
0,001697/600 0 F = 1.545

Activation Energy - 8,652 Cal/mole
Pre-exponential Factor = 5.678 x 10

TABLE D-36
CLAY TREATED JP-4 WITH 25'/;,
AROMATICS, ANTIOXIDANT AT

MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(0 F) of Peroxide Kilogram of Fuel

265 9.8 1.2
296 13.6 1.7
309 16.8 2.1
362 34.8 4.3
352 28.6 3.6
389 32.6 4.1
444 83.7 10.5
504 129.6 16.2
545 181.3 22.7

Linear Regression Data:

0.002369/3000F - 0.270
0.002096/4000 F = 0.779
0.001876/500°F = 1.189
0.001697/600OF = 1.521

Activation Energy - 8,526 cal/mole
Pre-exponential Factor 4.821 X IW

123
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TABLE D-37
CLAY TREATED JP-4 WITH 25",,

AROMATICS. ANTIOXIDANT AT THE
MII)SPECIFICATION CONCENTRATION

EGA Test Millioquiial'nls of
Temperature Parts per Million Oxygen per

(°) of Peroxide Kilogram of Fuel

275 13.8 1.7
261 8.8 1.1
319 18.3 2.3
280 11.4 1.4
349 27.4 3.4
355 22.9 2.9
392 46.3 5.8
443 88.6 11.1

495 133.6 16.7
492 124.4 15.5
537 188.6 23.6

Linear Regression Data:

0.002369/300OF = 0.283
* 0.002096/400*F - 0.803

0.001876/500 0F = 1.223
0.001697/600°F - 1.562

Activation Energy = 8,720 cal/mole
Pre.exponential Factor = 6.257 X 10'

TABLE D-38
CLAY TREATED JP-4 WITH 25%

AROMATICS, ANTIOXIDANT AT MINIMUM
EFFECTIVE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

('F) of Peroxide Kilogram of Fuel

956 9.5 1.2
285 14.2 1.8
315 14.7 1.8
350 29.4 3.7
385 55.6 7.0

- 429 64.8 8.1
482 148.6 18.6
527 166.5 20.8
543 208.6 26.1

Linear Regression Data:

0.002369/300*F = 0.307
0.002096/400OF = 0.833
0.001876/500OF = 1.256
0.001697/6009F = 1.600

Activation Energy = 8,810 cal/mole
Pre-exponential Factor - 7.366 X 10'
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TABI,1 !D-3{9
.i CIAY TI0EAT 1),P..t WITtt 25.5

AROMATICS. C RI.OSION INHIlBITO

1 1TIE MAXIMUM
z, ALLOWABLE CONCE.NTIRATIION

EG -A Test illiequivalents of

,-- "Temperature Parts per Million Oxygen per
i (°F) of Peoxd Kilogrm 9f Fuel

!286 14.3 1.8
320 26.2 3.3

354 31.7 4.0
389 66.3 8.3

=395 60.8 7.6
446 122.4 15.3
493 142.3 17.8
501 190.8 23.9

Linear Regression Data:

0.002369/300°F = 0.359
~0.00209/400*F =f 0.909

0.001876/500*F = 1.353
0.00!697/600OF - 1.713

Activation Energy fi9,229 ai/mole
Pre-exponential Factor = 1.366 X 105

TABLE D-40
CLAY TREATED JP-4 WITH 2 -°;AROMATICS, CORROSION INHIBITOR

AT MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Miiliequivalents of
Temperature Parts per Million Oxygen per

(OF) of Peroxide Kilogram of Fuel

289 14.3 1.8
291 17.7 2.2

4' 394 64.6 8.1
491 152.7 19.1

501 173.3 21.1

- : Linear Regression Data:0.002369/300OF = 0.368
0.002096/400 0 F = 0.902

- I0.00187615000F = 1.333

* 0.001697/600 0 F = 1.682

Activation Energy 8 953 cal/mole
Pre-exponential Factor = 1.005 X 10

A
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TABLE D-41

CLAY TREATED JP-4 WITH 25%
AROMATICS, CORROSION INHIBITOR

AT MIDSPECIFICATION CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(7) of Peroxide Kilogram of Fuel

285 13.6 1.7
292 14.8 1.8
398 56.8 7.1
496 221.3 27.7

d 497 155.5 19.4

Linear Regression Data:

0.002369/300*F = 0.320
0.002096/4000F = 0.900
0.001876/500F - 1.367
0.001697/6000 F = 1.746

Activation Energy = 9,725 cal/mole
Pre-exponential Factor = 2.255 X 10 "'

TABLE D-42
CLAY TREATED JP-4 WITH 25%

AROMATICS, CORROSION INHIBITOR
AT MINIMUM EFFECTIVE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(i')- of Peroxide Kilogram of Fuel

S- 298 17.1 2.1
298 13.8 1.7
399 65.2 8.1
496 163.5 20.4
504 155.1 19.4

Linear Regression Data:

0.002369/300F = 0.309
0.002096/400WF = 0.864
0.001876/500WF = 1.312
0.001697/600 F 1675

Activation Energy = 9.314 cal/mole
Pre-exponential Factor = 1.346 X io
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CYIl',Al M) o.111--4 WITHl 2.5"t

AIOMATICS, ICIN(C INHIBI'TOI{ AT-
XTHREETI'IMES ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(0 F) of Peroxide Kilogram of Fuel

283 13.2 1.6
285 14.1 1.8
398 56.2 7.0

N 499 149-3 17.8
fm 198.3 24.8

i "Lier Re.gression Dalta:

012N16913M09F )X1
(AO102096141KOPF 0.869

OAX) I876/50W'F 1.133
1.001697/600 0F 1.655

Activation Energy = 9,037 cal/mole
!Pre-exponential Factor = 1.016 X 105

TABLE D-44
CLAY TREATED JP-4 WITH 25".-

AROMATICS, ICING INHIBITOR ATLOW RELATIVE CONCENTRATION
RELATIVE TO MAXIMUM

ECA_ Test Milliequilclents of
Temperature Parts per Million Oxygen per

(*F) of Peroxide Kilogram of Fuel

277 .13.3 i.7
294 14.4 1.8
.199 64.2 8.0
522 182.2 22.8

516 191.8 24.2

Linear Regression Data:

0.0(r2369/3000 F 0.339
0.00296/400OF 0.875
0.0018761500 0 F = 1.306- "0.00i6971600OF U 1o.16

Activation Energy = 8,973 cal/mole
Pre-exponential Factor 9.627 X 104

II
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CLANAY 'IllKATEI) 111 .1 \Vrl'll 2.5'_,,
AI{IMVI'('q. '(NI)U(TIVI' AI)IITIVI,:.

AT "i*I1{1:I TIIMES MAXIMUIM

AIA, A-VAIli, (CONCINTIHATi()

EVA Test Afilliejuivaheats of
Temperature Ila.-Is per Million Oxygen per

(°F) 9L Peroxide Kilogram of Fuel

- 292 18.6 2-3-____-99 17.1 2.1

S325 29.3 3.7
361 56.2 7.0

362 47.6 6.0
S405 77.3 9.7

448 149.7 18.7
491 172.7 2i.6

A497 208.9 26.1

Linear Regression Data: -
• .oo0'-M /.10'F = 0.406
O.(W- i)40O°F = 0.975
0.oo1876/50OF = 1.434

A0.001697/600 F =f 1.805

Activation Energy fi9,539 cal/mole
~Pre-exponential Factor =2.203 X 10' i

TABLE D-.46

CLAY TREATED JP-4 WITH 25%xi
; AROMATICS, CONDUCTIVITY ADDITIVEAT TWICE MAXIMUM

ALLOWABLE CONCENTRATION

ECA Test MilliequiXalents of

Temperature Parts per Million Oxygen per
(CF) of Peroxide Kilogram of Fuel

:1024 .2 3.0
296 19.6 24
327 28.1 3.5
362 47.3 5.9
409 73.2 9.1
457 146.3 14.5

490 171.2 21.4

497 128.9 26X1

Linear Regression Data-

0.002369/00F = 0.428

0.0096/400OF = 0.931- 0.0018716/5 0 6F 1 43

0.001697/600F = 1.66

Activation Energy - 8,439 cal/molte
Pre-exponential Factor .245 X 10
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'TABIL.E D1-17
LA('IY 'rIIlATIl) .1 W ITI 1 I25-,

AIOMATI'ICS. CL)NIHI('TIVITY AI)!)ITIV!,
AT MAXIMI M Ai,IOWAIIII, ()NCEN'I'ltA'I'ION

K-('A "l'esf Milliequivalents of
Temperature Parts per Million Oxy-en per

(0 F) of Peroxide Kilogram of Fuel

292 17.6 2.2
304 1&1 2.3

U 327 23.7 3.0
369 43.4 5.4
407 68.2 8.5
449 94.3 i 1.8
497 156.1 19.5!498 164.6 20.6

Linear Regression Data:

0.002369/300WF 0.351
0.002096/4009F = 0.878
0.001876/500F F 1.302
0.00169716000F 1.646

Activation Energy = 8,828 cal/mole
Pre-exponential Factor =82321 x 104

TABLE D-48
CLAY TREATED JP-4 WITH 25%

AROMATICS. CONDUCTIVITY ADDITIVE
AT MINIMUM EFFECTIVE CONCENTRATION

ECA Test Milliequivaknts of
Temperature Parts per Million Oxygen per

OF) of Peroxide Kio-m1fFe
287 13.1 1.6
304 18.6 2.3
324 24.73.1 1
365 36.2 4.5
407 68.3 8.5
455 128.4 16.1
494 159.3 19.9
507 183.4 22.9

Lincar Regression Data:

0.0020961400F 0.887
0.0D187l 00oF = 1-344
0.001697/600F F  1.715

Activation Energy = 9,580 cal/mole

Preexponential Factor = 1741 X 10' I
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TABLE D-49
CLAY TREATED JP-4 WITH 25'¥

AROMATICS. METAL DEACTIVATOR
AT MINIMUM EFFECTIVE CONCENTRATION

PCA Test Ailliequivalents of
Temperature Parts per Million Oxygen per

(CF) of Peroxide Kilogram of Fuel

:127 27.4 3.4
279 12.6 1.6
297 19.4 2.4
:Mr, 45.7 5.7
400 54.7 6.8
446 113.9 14.2
493 145.6 18.2
510 182.3 22.8
528 204.4 25.6

Linear Regression Data:
0.002369/300 0 F = 0.378
0.002096140(PF = 0.897
0.001876/500 0 F = 1.316
0.001697/600°F = 1.654

Activation Energy f 8,698 callmole
Pre.exponential Factor 7.593 X 104

TABLE D-50
CLAY TREATED JP-4 WITH 25';.

AROMATICS, METAL DEACTIVATOR
AT MAXIMUM ALLOWABLE CONCENTRATION

h GA Tet MilliequiLalents of

(IF) of Peroxide Kilogram o Fuel

280 13.7 i3
297 17.6 2.2
324 3.4 2.9
.63 42.65.
402 64.4 8.0
451 151.3 18.9
499 15.2 19.5
517 211.3 26.4

Unear Regression Data:
0.002369/300F = 0357
0.002096/40OF = &.914
0.00l16/00wop 1.363
0.001697/60O*F = 1.727

Activation Energy = 9=1 callmole
Pre-exponential Factor 1.547 X 1W

v
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CLA.:Y .1,.1WT
AlOIt)ATI'US. Ni ETlAI. I )E-A( 'IVATI( )I

AT 'IWICE MAXINMIIM
AILLOWAIBLE C(ONCENTIIA'IION

RCA Text Milliequivalcuts- of
Temperafure Ports per Mfilon Oxygecn per

Cflof Peroxide Kilogram cf Fuel

271 14.8 1.8
292 16.921
318 24.9 3.1
358 38.2 4.8
393 54.2 .
447 120.2 15.0
491 172-3 21.5

516 183.2 22.9

Linear Regression Data:

o.ootmoo 0.9
0.O02096f400*F 0-913
COOMI187500WF I.2

* 0.00169V10' 1.667

Activite nergy AiM 6-967 calmole
Prexnonenial Factor 7.616 X 10'

TABLE D-52.
CLAY TREATED JP-4 WITH 25",

ARCHMATC-S. METAL DEACT IVATOR
AT THREE TIMES M'VAXIMUM

ALLOWABLE CONCENTRATION

RCA Tea ileuvlnso

Temiperature Pens per M4illion Ormen per
rn of Peroxide Kil-om of Fuel

274 14.1 1.8
A292 22.S 2.9)

__27.3 4
373.5.5 4A
o48.2 6.0

401 80.3 10.0
S43a 103.2 12.9

478 151.3 189
498 21M72.3
501 1912 23.9

Urna Rcgres~or. Data:
C 0.oOGsaaO0F OA042

* ~C;002o9&4rF e.960

0.03169i60F 1..=

Acivaiont Enery 8.931 cal/m*4

Pro-ezpnoernal Factojr- 1 IreX 0



TAIBLI, !)-53
I.IAY TI'iIeA'I'oDI .11-4 WlTII 315"',

- A IROMATI('S IASI,'II N Ie

EC'A "rest Mitlliequiihnts of
e'rarrture Parts ,"r Million Oxygen per

Cof I 1roxide Kilogram of Poel

257 11.2 1.4
291 22,4 2.8
313 24.9 3.1
315 34.2 4.3
351 39.2 4.9
395 86.0 10.7
422 87.3 10.9
451 146.2 18.3
459 129.4 16.2
498 224.7 28.0
516 248.4 31.0

Linear Regression Data:

0.002369/3000F = 0.460
0.002096/400* F = 0.995
0.001876/5000 ? = 1.426
0.001697/61000 F - 1.776

Activation Energy f 8,969 cal/mole
1Pre-exponential Factor = 1.265 X 105

TABLE D-54
CLAY TREATED JP-4 WITH 35",
AROMATICS, ANTIOXIDANT AT

MINIMUM EFFECTIVE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

('F) of Peroxide Kilogram of Fuel

262 13.6 1.7
284 17.3 2.2
321 32.2 4.0
351 42.4 5.3
406 79.6 9.9
410 76.0 9.5
448 102,5 12.8
488 206.6 25.8
494 194.3 24.3
546 245.7 30.7

Linear Regression Data:

0.002369/300OF = 0.454
0.002096/4000IF = 0.962
0.001876/500°F = 1.372
0.001697/6000F = 1.703

Activation Energy 8,515 cal/mole
Pre-exponential Factor i 7.263 X 104
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TABLE D-55
CLAY TREATEI) JP-4 WITH 35'v
Ai)MATI'CS, ANTIOXIDANT AT

M II)SI'E 1( IICATI()N CON(T'.NTIRATI()N

EC'A Te st Milliequiv~ah'nts (if

"l'eperature Part.% per Milliom Oxygen per
.(OJF) if 'eroxide KiIlograin of i.1'1l

:2.56 11.9 1.5
287 16.3 2.0

311 22.4 2.8
359 48.4 6.0

394 68.8 8.6
438 88.2 1 l.G
483 159.3 19.9
498 191.0 23.9
529 164.7 20.6

SLinear Regression Data:

S0.002369/300°F = 0.423
- "0.002096/400OF = 0.918
=- i0.001876/5000F = 1.317

!0.001697/600°F - 1.640

Activation Energy = 8,292 cal/mole
Pre-exponential Factor - 5.189 X 10'

TABLE D-56
CLAY TREATED JP-4 WITH 35%
AROMATICS, ANTIOXIDANT AT

MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(0 F) of Peroxide Kilogram of Fuel

271 13.7 1.7
i 304 20.1 2.5

351 34.8 4.3
353 32.1 4.0

402 61.1 7.6
429 76.1 9.5
490 136.2 17.0
529 198.4 24.8
538 191.3 23.9

Linear Regression Data:

0.002369/3000 F = 0.375
0.002096/400*F = 0.866
0.001876/5000 F - 1.262
0.001697/600°F = 1.583

Activation Energy 8,234 cal/mole
Pre-exponential Factor = 4.329 X 104

NA

133
*.iI2*



TABLE I)-57
CLAY TREATED JP-4 WITH 35',,

Z AiOMATICS, ANTIOXIDANT AT TWICE
MAXIMUM ALLOWABLE CONCENTRATION

E!7?A Test Milliequivalents of
Temperature Parts per Million Oxygen per

(PF) of Peroxide Kilogram of Fuel

262 12.2 1.5
310 19.2 2.4
313 21.3 2.7
356 33.8 4.2
394 50.4 6.3
434 100.3 I2.5
482 124.3 15.5
538 141.7 17.7

Linear Regression Data:

0.002369/3000 F = 0.373
0.002096/4000 F = 0.838
0.001876/500OF = 1.213
0.001697/600°F = 1.516

Activation Energy 7,787 cal/mole
Pre-exponential Factor = 2.534 X 104

TABLE D-58
CLAY TREATED JP-4 WITH 35 i

AROMATICS, CORROSION INHIBITOR
AT TWICE MAXIMUM ALLOWABLE

CONCENTRATION

ECA Test Milliequivalents of
' emperature Parts per Million Oxygen per

C°F) of Peroxide Kilogram of Fuel
273 14.3 1.8
285 19.9 2.5
296 22.3 2.8
349 53.4 6.7
404 94.4 11.8
443 133.6 16.7

496 224.7 28.1
499 241.6 30.2

Linear Regression Data:

0.002369/3000 F = 0.478
0.002096/400*F = 1.034
0.001876/5000F = 1.483
0.001697/600'F = 1.846

*Activation Energy - 9,330 cal/mole
Pre-exponential Factor = 2.026 X id-

-13-
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TABLE D-59
CLAY TREATED JP-4 WITH 35

AROMATICS, CORROSION INHIBITOR
AT MAXIMUM ALLOWABLE CONCENTRATION

EVYA 'TIt Milliequivalents of

Temperature Parts per Million Oxygen per
( 0F of Peroxide Kilogram of Fuel

273 16.7 2 1
1 291 23.2 2.9

:343 48.3 6.0
100 89.8 11.2
446 149.2 18.7
493 218.7 27.3
527 265.3 33.2

Linear Regression Data:
0.002369/300 0 F = 0.516
0.002096/4000 F = 1.038
0.001876/5000 F = 1.459
0.001697/6000 F = 1.800

Activation Energy = 8,749 cal/mole
Pre-exponential Factor = 1.108 X 105

S'TABLE D-60
CLAY TREATED JP-4 WITH 35(,

AROMATICS, CORROSION INHIBITOR
IAT MI I),IPECIFICATION CONCENTRATION

E('A Te.,t Milliequivalents of
Temperature Parts per Million Oxygen per

(CF) f[_ Peroxide Kilogram of Fuel

280 16.2 2.0
281 18.1 2.3

I 396 76.3 9.5
531 264.7 45.6
540 291.5 36.4

Linear Regression Data:

0.002369/300 0 F = 0.456
0.002096/400"F = 1.016
0.001876/500OF = 1.467
0.001697/600"F = 1.833

1A

Activation Energy = 9,383 cal/mole
Pre-Uxponential Fa-tor 2.054 X 105

513
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"I'~ABIK i-m1

i CILAY IITH ),11e-, WITHl 35',

AIR)MA'ICS, COR)IR.OSION INI IITI0I(OI
AT MINIMUM II,'II'i(F IVI , CON(;i,:NTRIATI()N

EVA rest Milltt'jttwtIe'n. of
Temperature' Parts per Million Oxygen per

(°F) of Peroxide Kilogram of Fuel

296 18.9 2.4
297 22,6 2.7
3t99 82.7 10.3
520 258.6 32.3
539 262.2 32.8

Linear Regr,-ssion Data:

0.002369/3000 F = 0.440
0.002096!4000F = 0.978
0.001876/500 0 F 1.411
0.001697/600°F 1.763

Activation Energy = 9,019 cal/mole
C'.. Pre.exponential Factor 1.281 W'10'

'TABLE D-62
CLAY 'TREA'TED ,1I-4 WITH 3l5",
AROMATICS, ICING INHIBITOR
AT THREE TIMES MAXIMUM

ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of

Temperature Parts per Million Oxygen per
('F) of Peroxide Kilogram of Fuel

287 17.8 2.2
292 23.4 2.9
105 85.3 10.7

- 502 194.6 24.3
- 513 254.3 31.8

E
Linear Regression Data:

0.002369/3000F 0.472
0.002096/400OF 0.992
0.001876/500OF = 1.419
0.001697/600OF = 1.762

Activation Energy 8,795 cal/mole
* Pre-exponential Factor = 1.056 X 1C
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'TABLE D-63
i ('IAY TREAITI),Jl1-.1 WiT1t 35"

AI~OMATIC'S, I(!NG INIlI BITOIT AT
IOA W 1II !AI V!, ('()N('I 'IA'l'ION

€, I,LATIVE T( MAXIMUIM

EVA Test lf [
TPempierature Partk per Million Oxygen per

129620.3 2.5
: 302 22.4 2.8

398 83.4 10.4
• 494 197.3 24.7

507 233.7 29.2

Linear Regression Data:

0.002369/300'F = 0.441
0.002096/400OF = 0.992

10.001876/1500*F = 1.436

0.001697/6000 F = 1.796

Activation Energy = 9,241 cal/mole
Pre-exponential Factor -- 1.674 X 1W"

TABI.E D-64
CLAY TREATEI) JP-4 WITH 35",,

AROMA'TICS, CONDUCTIVITY ADDITIVE
AT THREE TIMES MAXIMUM

ALLOWABLE CONCENTRATION

EA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(OF) of Peroxide Kilogram of Fuel

294 19.7 2.5
292 22.6 2.8
356 49.8 6.2
396 79.6 9.9
438 140.6 17.6
488 228.6 28.6
514 258.6 32.3
517 271.4 33.9

* Linear Regression Data:
0.002369/300'F = 0.469
0.002096/4000 F = 1.027
0.001876/5OF = 1.478
0.001697/600 0F = 1.843

Activation Energy 9,365 cal/mole
Pre-exponential Factor = 2.069 X 101

M-
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(CLAY TRFEATI'ED J1 PA- WiI 315',
AROMATIICS. CONDUtCTIIV I'Y ADD)ITIV E

NI'TWICE MAXIMUM ALLOWABLE
CONCENTRATIION

kXCA Telst Milliequilyab'nts (if
~--- ~-~ Temperature Paris perMllo Mxyg ' r

('F) of Peroxide Kilogram 2L Fuel

290 21.8 2.7
284 18.6 2.3
349 47.2 5.9
391 77.2 9.6
425 113.5 14.2

W,486 194.3 24.3
513 239.8 30.0
516 241.5 30.2

Linear Regression Data:
0.002369/300 0 F = 0.490

~ 0.002096/400*F =1.014

0.001876/5000F. 1.437
0.001697/600 0 F = 1.779

Activation Energy =8,790 cal/mole
* Pre-exponential Factor =1.094 X 10

TABLE D-66
-~ CLAY TREATED J P-4 WITH 35 ',*

AROMATICS, CONDUCTIVITY ADDJTIVE
AT MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
A- Temperature PIse ilo Oxygen per

(*F) of Peroxide Kilogram of Fuel
281 15.9 2.0
304 26.2 3.3
3571 44.3 5.5
400 84.3 10.5
405 89.9 11.2
440 124.3 15.5
492 208.7 26.1
526 21%.4 32.1

Linear Regression Data:

* 0.0023691300*F =0.453

0.002096/400*F 0.998
~.0.001876/500 0F 1.437

0.001697/600*F 1.792

Activation Energy =9,127 cal/mole
Pre-exponential Factor =1.504 X 10
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!" 'IY TII,'ATI:I}.11' .1 WlTI 1:35",

AR( )MATI( S. C ( )NDCT I V "l l'Y AlIt )'1'IVK !'
I'AT MINIMUM 1 i'I,'l'lVI ('()( I.N I IAli ION

WEA T..1 Ahiri~li'loiehnis of
".:mperniur" Parts 1#r Million thygen per

('P)l Pfleroxide Kilogrom i o Fuel
281 17.7 2.2
301 23.4 2.9
: 1 354 44.8 5.6
400 72.4 9.0
399 83.7 10.5
447 126.3 15.8
499 236.4 29.6
540 258.3 32.3

Linear Regression Data:

0.002369/3000 F = 0.461
0.002096/4000F 0.988
0.001876/5000 F - 1.412
0.0016971600 0 F = 1.756 -

Activation Energy = 8,825 cal/mole

1Pre-eximnential Factor 1.069 X 10!

TABLE D-68
CLAY TREATED JP-4 WITH 35%/t'

AROMATICS, CONDUCTIVITY ADDITIVE
AT THREE TIMES MAXIMUM

ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperature Parts per Million Oxygen per

(°F) of Peroxide Kilogram of Fuel

294 19.7 2.5
296 24.6 3.1
339 48.7 6.1
384 79.6 9.9
430 121.7 15.2
475 187.8 2.5
508 257.7 32.2
.509 939.6 30.0

Linear Regression Data:

0.002369/300OF = 0.501

0.002096/400*F = 1.039
0.001876/500OF = 1.473
O.001697/o" 0 FL 1.825

Activation Energy 9,021 cal/mole
Pre-exponential Factor 1.481 x 10'

N7N
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T ABLEI D-69
('I,~CAY 'I'UlATI1,Ui),!!-, WITH- 35',

AIM(MA'II(S. METAL, I)IA("IIVA'I(MI

AT TlWIC1, MAXIMIIM AII,)VAIII',E

iA C A ''ext Millirqni'ah'nts of
Temperature Parts per Million Oxygen ier

("F) of l'eroxide Kilogram of Fuel

294 23.6 2.9

298 21.2 2.6
:345 47.2 5.9
390 76.3 9.5
435 119.3 14.9
485 197.9 27.7
520 274.8 34.4
423 269.4 33.7

Linear Regression Data:

0.(X0"169/3100 0 F = 0.483
0 .0r20961400° F = 1.020

0.001876/rASOOF - 1.452
O .0016976AX) 0P 1.802

Activation Energy 8,990 cal/mole
lPre-exponential Factor = 1.369 X 10"

TABLE D-70
CLAY TREATED .JP-4 WITH 35",

AROMATICS. METAL DEACTIVATOR
A AT MAXIMUM ALLOWABLE CONCENTRATION

ECA Test Milliequivalents of
Temperattire Parts per Million Oxygen per

C F) of Peroxide Kilogram of Fuel

286 19.8 2.5
288 22.6 2.8

S3.50 49.6 6.2
394 85.3 10.7
433 127.8 16.0
485 209.8 26.2
518 9-38.4 29.8

Linear Regression Data:R

0.002369/300 0 F = 0.512
0.002096/400*F = 1.033
0.001876/50°F = 1.453
0.001697/600°F 1.793

Activation Energy 8,734 cal/mole
Pre-exponential Factor =f1.078 X I05'
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TABI,, 1D-71I
CLAY TRI.ATFI) JP-4 WITHt 35'*,

AROMATICS, METAIl, DEACTIVAT()R
AT MI1)SPECIFICATION CON(CENTRATION

EVA 'Tets Millilquivlents of
'Temperature Parts per Millin Oxygen per

(F) of Peroxide Kilogram to Fuel

277 17.8 2.2
296 23.9 3.0
345 48.3 6.0
371 63.5 7.9
394 85.6 10.7
399 86.3 10.8
444 142.7 17.8
496 197.6 24.7
529 269.5 33.7

Linear Regression Data:

0.002369/300 0 F = 0.513
0.00209/400 0 F = 1.027
0.001876/5000 F = 1.441
0.001697/600 F = 1.777

Activation Energy = 8.613 cal/mole
1're-exponentinl Factor 9.354 10

A.
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