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FOREWORD

This report describes the technical effort conducted under Air Force Contract No. Fi13615-
85-C-2508, entitled “Properties of Aircraft Fuels and Related Materials.” All research conducted
under this contract was administered under the direction of Mr. Steve Anderson, Project
Engineer, Fuels Branch of the Aero Propulsion Laboratory, Air Force Wright Aeronautical
Laboratories (AFWAL) and Mr. Paul A. Warner, Program Manager, United Technologies
Corporation, Pratt & Whitney (P&W).

The technical effort disclosed herein was performed during the period 16 February 1987
through 15 February 1988 under Task Order No. 13, entitled “Evaluation of Corrosion Inhibitors
as Lubricity Improvers.” Tedd B. Biddle was the P&W Task Order Manager.

The authors wish to thank Steve Anderson, the Air Force Project Engineer, for his
assistance in providing technical direction and support in the many decisions required for the
successful completion of this program; and Chuck Martel, AFWAL/POSF, for providing the
historical background on corrosion inhibitors (CI), their use, and the rationale applied to the
specification requirements directed at qualifying candidate CI.

The authors also wish to acknowledge and thank the following P&W personnel: Dick
Meehan for overseeing the laboratory effort conducted under this task: Michael Polito for his
diligence in the meticulous formulation of more than 576 fuel blends and well over 1,000 Ball-On-
Cylinder Lubricity Evaluator (BOCLE) analyses; William Cellich for his assistance in the
performance of the BOCLE tests and the plotting and careful interpretation o: all polynomial
curve fits; Donald Yost for his assistance in compiling and organizing test data; and Suzanne
Guisinger whose computer programming skills permitted timely and efficient archiving and
analysis of all test data.

Agocession For

NTIS GRA&I a
DTIC TAB 0
Unaonounced |

Justifioation. ———e

BY e e e
_Distributiens

Avalinblility Codes
T ‘A\;E!i L oand/ev
Diat | Speetal

-
' ~
i —



TABLE OF CONTENTS

I INTRODUCTION e

1. Background ......c..cociiiiiiiiiii e e e ra e
2. Quantification of Corrosion Inhibitors ...............c..coevvevnnnnn.
3. Program Objectives .........c.cocoviviiiiviiinniniieiiiiiiiinniennenenen

I EXPERIMENTAL ...,

1. Corrosion Inhibitor Evaluations ...........ccocovvviviviiennininnnn..
g. Ball-On-Cylinder Lubricity Evaluator (BOCLE) ...............
b. Additives Evaluated ..........c..ccoviiiiiiiiiiciiiiiiiniicirnnnnen
C. Test Fuels .....ccooviiiiiiiiiiiiiiiiiri e e e
d. Additive/Fuel Blends ..........cccoviviiiiiiiiviiiiiniiiinnn,
e. Test Temperatures .........c.cccoviviiviiiiinioiiiiiinr i
f. Summary of Test Matrix ......c.ccocovviiiniiiiiiniiiiiiiiinen,

2, Refinement of RPHPLC Method for Determining CI Content
indet Puels ......coioiiiiiiiiiiiii i i e
a. Equipment and Instrumental Conditions ............coveeiieness
b, Materials ......oooiiiiiiiiiiiiiiiiii e reeseeeraeiaene

III RESULTS AND DISCUSSION .....occiiiiiinieiiinmiiiciininiiinennine,

1. Corrosion Inhibitor Evaluations .........ccocviviiiiiiiinicnininnnn,
Lubricity Test Data .........cccoviveviiiiinieiinieniisirioen
Criteria Used to Assess Performance .............cccocevveevinnen.
Performance Profiles .............cooviiiiiiiiiiiiiiiiiiiiiin
Effect of Fuel Type on Additive Performance ..................
Lffective Concentrations for Lubricity Improvement ..........
Performance Ranking ............vcovimiimmiiiiiiiniiniiiierensineen
g. Effect of Temperature ..........ccocoviivviiiiiiiiiiiiniiiiiine
2. Proposed MIL-I-25017 Lubricity Requirement .............c.ccoce...
3. Refinement of RPHPLC Method for Determining CI Content
iNJdet FUuels ....oocviiiiiiiiiiiiii e e et e
a. Method Development Goals ........coocvvvvieiiiiiiiniiainnininn,
b. Preliminary Method Development -- Theory and
MEChAaNIBM .. .ooiiiiiiriint it it en s eree e
Method Modific8tion .........c.vooeevvreriiiiiininiiii e,
Finalized Test Method ...........ccocoviviiiiiiiiiiiiiiin,
Applicability to QPL-25017-16 ..........oiiveiiiiiiiiiciiniaenns
Chromatogrames ... ....ccoovviiiiiiiriiniinreriiienieriiesaeenrinenes

me oo Te

me oo

v CONCLUSIONS AND RECOMMENDATIONS ...t

2. Proposed MIL-I-25017 Lubricity Requirement .......................
3, Refinement of RPHPLC Method ...,

1, Corrosion Inhibitor Evaluations .........covvviiiiiiiiiiiinniiinneiinens '

REFERENCES .......ccooiiiiiiiiiiiii e

13

13
13
13
13

14
17
18
19
21

26
26

27
28
31
34
3b

37
37
38
38

39

fyem s e g ey
» e 7 P 7t o T el ]

I A N r I AW WIWLI M W (M Ay AN DL N PAY P AN R
N L e Yo L L AT AT AT L AN AL L L ALY

B R R T S ]
FARRARAIVORA L Wyl




TABLE OF CONTENTS (Continued)

Section Puage
APPENDIX A — Isopar M Property Data Sheet . .................c.o.il A-1
APPENDIX B ~ Qualified I'roducts List Under MIL-1-25017 ........... B-1
APPENDIX C — Lubricity Test Data .........ccooovviiiiiiiiiiiniieiiiininnn, C-1
APPENDIX D — Performance Plots ..........cccocevviiiiiiiiiiniiiiiniiennnne, D-1
APPENDIX E — MIL-1-25017D Inhibitor, Corrosion/Lubricity
Improver, Fuel Soluble (Metric) .........c.coiviviiiiiiiiiiniininniieiiinen., E-1
APPENDIX F -~ RPHPLC Chromatograms of Corrcsion Inhibitor In
10 A 1 S SRR F-1

viii

(211

PORIVA A A TR N W VA A e N s AR . .y SNy e : - §
A LORLBLNINULA DDA I AL {0 -w:.x{v:{n‘\"u‘\l\l: "..“:"3‘.'}" A R A A A R N TR A ’.'-F"tu’)' ‘\’V*)Y{(:»; ; -‘,P'."d."("{,w
A S S Ak A Y Mty

w A Ae At e N AN Anagn




ILLUSTRATIONS

Figure Payge
1 Typical BOCLE Wear Scars Produced by det Fuels ......................... 6
2 InterAv Ball-On-Cylinder Lubricity Evaluator .............ccooeviiveiiennnnne 7
’ 3 BOCLE Load Correlation ............c..cccoviiiviieiniiiininiiieineiienninnnnen. . R
4 Varian High Performance Liquid Chromatograph ............cccocveveennennn, 10
b Effect of IPC-4410 in Clay Treated JP-4 .........covviiiiiiiiiniiiniinn 16
6 Effect of Tolad 249 in Clay Treated JP-4 ........oooovviiviiiiiiiniinnininnn, 16
7 Effect of Temperature or: PRI-19 in Clay Treated JP-4 ............coevnis 20
8 Effcct of Temperature on Hitec E-580 in Isopar M ........covviivivinnnns 21
9 Air Force Corrosion Inhibitor Usage for JP-4 in FY85 ........ccccciniinnns 26
10 Chromatogram of DCI-4A Using Preliminary RPHPLC Method ......... 28
11 Carboxymethyl Column Separation of Dimer, Trimer and Monomer
Linoleic Acids in Additive Free Sun OQil JP-4 ..........coooiiiiiiiinnnn 30
12 Chromatogram of Resolved Monomer Acid Peak .............ccocoeveinnn, 3
13 Effect of Storage on CI Concentration: Stored 87 POSF-26056 Sample
Versus New Blend ............coviiiiniiiniinniini e, 32
14 Effect of Connecting Tubing 1.D. on Peak Broadening ..................... 33
ix

Ris0d1/18

UL DUDROL AR AU VAN A U L LM SO Y NI IR M 4 A T 0 A

Vo o N




TABLES

Table Page
1 Effective Corrosion Inhibitor Concentrations for Lubricity Iimprovement 17
2 Grouping of Corrosion Inhibitor Performance ...........cocovviiiiiviencnnn. 19
3 Effect of Redefining Relative Effective Concentration in JP-4 ............ 25
4 Column Wash Gradient Program ...........ccoocoveiiiiiiiininiiinnesniniin... a3

b Linear Regression Statistics for CI Calibration Standards ................. 34

'
i

3 xi

RI9L/19

[}
va ~

B A N O A B T A D R A TR ]




b

4
Al

R

T I G VA

AFWAL
BOCLE
ClI

’ CRC
cT
DLA

g
g/m”

IEC

IS

kl
MAC
MEC
mL
uL
MM
MW
MLA
nm
OC-ALC
ppm
P&W
QPL
R
REC
RPM
RPHPLC
Sty
TLA
uv
WSD
WSl
WSIM

HROM

L.IST OF ABBREVIATIONS

Air Force Wrignt Aeronautical Lshoratories
Ball-On-Cylinder Lubricity Evaluator
Corrosion Inhibitor

Coordinating Research Council

Clay Treated

Dilinoleic Acid

Gram

Gram Per Cubic Meter

lon Exchange Chromatography
ionization Suppression

Capacity Factor

Mazximum Allowable Concentration
Minimum Effective Concentration
Milliliter

Microliter

Millimeter

Molecular Weight

Monolinoleic Acid

Nanomaeter

Oklahoma City Air Logisticse Command
Parts Per Million

Pratt & Whitney

Qualified Product List

Correlation Coefficient

Relative Effective Concentration
Revolutions Per Minute

Reverse Phase High Performance Liquid Chromatography
Standard Faiu of Belimaw
Trilinoleic Acid

Ultraviolet

Wear Scar Diameter

Water Separometer Indox

Water Seperatior Index. Modified

xiil

Wy

B ARG e




SECTION |

INTRODUCTION

At present, the mechanisms associated with fuel lubricity are not well understood. However,
it became apparent in the mid 19608 that corrosion inhibiting additives are responsible for
imparting good lubricity characteristics to the fuel. The requirement for a corrosion inhibitor
(CI) wes rescinded at that time, resulting in numerous lubricity problems. The requirement for a
CI was reinstated, and lubricity incidents were dramatically reduced. It is now generally accepted
that the primary role of a CI iz lubricity enhancement and not corrosion inhibition.

Fuel lubricity continues to receive considerable attention and concern in response to
reports of lubricity related incidents. During the first weight months of 1986 alone, the U.S. Air
Force experienced operational problems with 30 TF30 engine hydraulic fuel pumps in F-111
aircraft flying out of Cannon Air Force Base. The Oklahoma City Air Logistics Center (OC-ALC)
investigated the incidents and determined that the problem was due to sensitivity of the pump to
the lubricity of the fuel. The investigation also revealed that the same CI was uned in each case.
Addition of a different CI at the fuel terminal resulted in preventing further occurrences of
excessive wear. No reports of pump failures have occurred since the change was made (Ref. 1).

Similar lubricity problems have been reported at other locations. In response to these
incidents, the Air Force initiated a program to evaluate the Cls qualified under MIL-I-26017D
for their effectiveneas as lubricity enhancers in aviation turbine fuels. The intent of this effort
was to modify the CI specification to include a requirement for lubricity. Currently, the use of
fuel soluble CI is one solution to circumventing wear problems caused by fuels lacking natural
lubricating agenta.

1. BACKGROUND

An excellent historical background of the current requirement for the addition of C! in jet
fuel was presented by Chuck Martel, et al in an Air Force Aero Propulsion Report published in
July 1974 (Ref. 2). The technical report, entitied “Aircraft Turbine Engine Fuel Corrosion
Inhibitors and Their Effects On Fuel Properties,” vutlines the initial specification requirements
and the subsuquent ravisions that resulted in the required use of CI specifically for improving
fuel lubricity.

RARE: - 3

The Air Force study reports that with the introduction of jet aircraft and kerosene type
fucla in the mid 12405, fuel contaminaticn prclicms were experienced that were much more
severe than previously experienced with aviation gasolines. The greater viscosity and density of
jet fuels resultad in the entrainment of water and solid matter that often carried over into aircraft
. fuel systems. The addition of CI to jet fuels was begun in the early 1950s to combat excessive
h corrosion in ground fuel systems and subsequent carry over of corrosion products into the
aircraft.

-

ﬁ

-

The :irst requirement for CI addition to JP-4 type fuels was by Amendment 1 to the

b't‘: MIiL-F-6624B jot fuel specification in March of 1964. In October 1954, a specification for CI was
walt issued as MIL-1-26017 and entitled “Inhibitor, Corrosion, for Aircraft Engine Fuels.” Perfor-
oy mance of a corrosion test was required by this specification to determine the effective level of Cl
gjﬂ} to be added to a JP-4 fuel. The 20-hour test conducted at a bath temperature of 38°C (100°F)
:‘.ﬁ defined the minimum effective concentration required for each CI qualified to the specification.
P

< The first QPL for Cl was issued in September of 1965 as QPL-25017-1 and contained thres

e

approved inhibitors. The revisions to MIL-I-2b017 that followed included Revision A in
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September 1959 that -, .tfied the corrosion test designation to be ASTM Maethod D665,
Procedure B. In M.+ (965, and again in December 1957, revisions were made to MIL-F-5624
(Revisions C and 1) that dictated that a CI “shall be” added to JP-4 and JP-6 fuels. Revision E,
however, wng issued in March 1960 that changed this wording to ‘“may be’’ added. Revision F of
this specification followed in September 1962 and stated that a CI “shall be added to JP-4,” but
“riz.. not be added to JP-6 unless approval is obtained.”

Despite the early success of Cl to alleviate lubricity related problems, it was immediately -
apparent that CI were not without potential shortcomings. :

In the late 19508 some CI caused severe fuel/water separation problems. In the presence of
ClI, fuel filter coalescer units failed to efficiently remove undissolved water fron the fuel. The
result was the removal of a number of CI from the QPL. A Water Separometer Index (WSI) limit
was incorporated into the fuel specification to ensure acceptable fuel/water separation
characteristics in the presence of additive.

In the early 1960s, jet fuel filtration problems were associated with the use of CI. The
formation of a gelatinous material that vapidly plugged filters resulted from a chemical reaction
involving undissolved water, metal (aluminum, steel, magnesium, or zinc¢) and CI. Consequently,
the requirement for a CI to be added to JP-4 was deleted in Noveraber 1965. The revised
specification stated that a CI shall not be added to grade JP-4 or JP-5 without prioi approval
from the end user (Refs 3 ani 4).

'Y P e aSSIAR e e e o Wala: LN N S W

The repercussions caused by the elimination of CI were immediate and readily apparent. A
number of occurrences of fuel control malfunctions were reported. Ultimately thess ‘were traced
back to the removal of the CI that was functioning as a lubricity agent in gas turbine fuels.
Because of the severity of the problems, the Air Force issued an operational Technical Order in
March 1966 to blend CI into all JP-4 fuel at the base level. Amendment 1 to MIL-T-5624G was i
issued in November 1966 reinstating the requirement for CI conforming to MIL-1-25017 to be 5
blended into JP-4 by the supplier. The use of CI in JP-5, however, was excluded. The
requirement for the addition of CI to JP-b type fuel was not adopted until revision ‘L’ of
MIL-T-5624 was issued ir January 1983. Although not entirely resolved, fuel lubricity problems

Y

by both domestically and abroad are currently controlled by the mandatory use of CI.

'“'(

“N

::: The current QPL contains 156 approved Cl. Among these, DCI-4A, Nalco 5403 and ARCO
% IPC 4445 tend to dominate in Air Force usage. DCI-4A and Nalco 5403 are also used, as well as
! Unicor J, extensively by the U.G. Navy. Any of the 16 CI presently qualified to MIL-I-25017 and
).5 listed on the QPL may be used, at the option of the supplier, in JP-4 and JP-5 type fuels.
¥

l\

Currently, concentration requirements for the addition of CI in jet. fuel are determined in
accordance with the ‘Rusting Test Method’ specified by MIL-1-25017D. The Rust Test is in
keeping with the original purpose of CI to inhibit pipeline and ground system corrosion.
However, since 1968 the addition of CI to jet fuels has been mandated primarily for the purpose
of lubricity enhancement. The Ball-On-Cylinder Lubricity Evaluator (BOCLE) is recognized as
the best available method for providing a relative system of ineasurement of fuel lubricity. A .
variety of Ball-On-Cylinder machines, test procedures, test cylinders and reference fluids have ‘
been investigated in past years. Recommendations to the Coordinating Research Councii (CRC)
based on results of an Air Force study completed in August of 1987 (Ref. 5), resulted in
standardization of the test apparatus and procedure. With the acceptance of a standard BOCLE
test procedure, reevaluation of CI, based on their ability to impart lubricity to jet fuels, wae the
noxt step in the Air Force's plan for controlling the lubricity of fuels used in fleet aircrafi.
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2. QUANTIFICATION OF CORRUSION INHIBITORS

Despite dependance on the mandatory use of fuel soluble Cl to alleviate lubricity related
fuel aysten wear problems, there is no accepted method for monitering compliance. Nor is there
a means of measuring CI levels at the point of use for detecting additive losses occurring during
transportation.

In the past, labor intensive extraction techniques have been proposed for guantitative
analysis (Refs. 6 and 7) of Cl. These techniques have not been svaluated for broad application to
all QPL CI or varying fuel matrices. A simple, direct fuel injection, analytical method to quantify
low levels of CI was developed under Tagk Order No. 6, “Determination of Corrosion Inhibitor in
Aviation Fuels” (Ref. 8). This method, using Reverse Phase High Performance Liquid
Chromatography (RPHPLC), appears to best satisfy the prerequisites of a reliable, effective,
means for determining CI content in jet fuels, The RPHPLC methodology is based on detection
of the dilinoleic acid active ingredient found in the most frequently used CI.

Additional refinement of the test method was, however, needed to extend its applicability to
all QPL approved CI. A limited survey of QPL CI indicated that most are multi-component
mixtures. Increased resolution of Cl components was necessary to provide good precision and
accuracy for quantification. Further, identification of the specific CI product added to the fuel
was believed to be possible, but only if the product components yisided unique chromatograms.
3. PROGRAM OB IECTIVES

The thrust of technical effort described in the following sections was directed at
accomplishing the following goals:

« Evaluation of the currently approved QPL CI in terms of lubricity enhance-
ment

¢ Hstablisbment of minimum effective concentrationa for approved CI
» (Generation of working curves to profile CI performance in jet fuels

+ Development of an approach for incorporating a lubricity requirement into
MIL-I-26017 for the purpose of qualifying candidate CI

* Refinement of the RPHPLC method for determining CI content in jet fuels
+ Determination of applicability of the RPHPLC method to QPL CI

¢ Generation of an RPHPLC spectral library of QPL. CI in JP-4




SECTION il

EXPERIMENTAL

This investigation focused on two distinet hut interrelated efforts. These efforts were
conducted simultaneously and together provided an assessment of CI performance and a method
t» quantify them. The CI evaluations focused on the ability of each of the QPL CI to measurably
improve fuel lubricity. The quantification of CI focused on refinement of the recently develope i
RPHPLC methodology for determining CI content in jet fuels. Applicability of the methe
each of the 15 approved QPL Cl was also investigated. The following paragraphs discuss ¢
parameters, equipment set up, and experimental approaches used in this investigation.

1. CORROSION INHIETOR EVALUATIONS
a. Ball-On-Cylinder Lubricity Evaluator (BOCLE)

An InterAv BOCLE ‘vas used (o assess the ability of each CI to improve the lubricity
properties of jet fuels. BOCLE tests were performed according to the standard test procedure
approved by the CRC Ball-On-Cylinder Operators’ Task Force, “Standard Test Method For
Measurement of Lubricity of Liquid Hydrocarbon Kuels By the Ball-On-Cylinder Lubricity
KEvaluator.” The method assesses the boundary lubricaticn properties of aviation fuels and
similar hydrocarbon liquids ¢n rubbing surfaces.

In this method, the test fluid is placed in a reservoir in which the air atmosphere is
maintained at 1C percent relative humidity. The fuel temperature during a standard test is
maintained at 25°C (77°F). A nonrotating loaded steel ball is held in a vertically mounted chuck
und forced against an axially mounted steel test ring. The test ring is rotated at 240 revolutions
per minute (rpm) and receives a momentary exposure to the test fluid upon each revolution. At
the conclusion of the test, the wear scar generated on the test ball is viewed under a microscope
at 100X magnification. A 1-millimeter (mm) graduated reticule permits the major and minor axis
of the scar to be measured to the nearest 0.01 mm. The average of the two measurements is
reported as the BOCLE wear scar diameter (WSD) and is a measure of the fluid lubricating
properties. The smeller the WSD, the better the fuel lubricity. Typical wear scars produced by jet
fuels are shcwn in Figure 1. For the purpose of evaluating lubricity eftects at elevatad
temperatures, an auxiliary Neslab Exacal-100 DD Bath Circulator and a Neslab EN-150 Endocal
Flow Through Cooler were interfaced with the existing system.

An overview of the InterAv BOCLE control panel is shown in Figure 2-a. The control panel
permits control of test duration, temperature, relative humidity, and ring rotational speed. The
base unit is shown in Figure 2-b and is comprised of a fuel reservoir, an axially mounted Falex
Ring, a micrometer used for spacing the wear tracks of subsequent runs, and a load beam with
tert. ball installed. The lines shown running to the fuel reservoir provide the means for circulating
a fluid medium through the hecat exchanger for controlling test temperature,

A reduction in applied load from 1000 to 500 grams represents the only charge in test
conditions from that described in Draft No. 10 of the CRC BOCLE test procedure. A previous
Air Force investigation to standardize the BOCLE test resulted in replacing the AMS 6444 test
cylinder with the Falex Ring (Ref. 5). The harder Falex Ring material generated a significantly
larger scar than the AMS 6444 cylinder. At a 1000 gram load, the WSD of clay treated fuels
sometimes approached or exceeded 1 mm.
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?’ After a series of runs using harsher test fluids, we determined that a 500-gram load was

more suitable for maintaining a wear scar within the limits of the 1-mm graduated reticle of the
microscope. These tests also indicated that repeatability was enhanced at a 500-gram load. This
agreed with past experience that has shown repeatability to be influenced by the size of the wear
scar; the larger the wear scar, the more scatter that is typically introduced. Therefore, the
BOCLE tests conducted in this program were performed at a 500-gram applied load using the
Falex Ring as the standard test specimen. However, subsequent to the completion of this
program, a CRC round robin evaluation of the effect of load on test precision was conducted.
Statistical analysis of the round robin data found the 1000-gram load to be more reproducible
from laboratory to laboratory and, as such, has been incorporated into the proposed test
procedure as the standard load.

Figure 3 shows the linear correlation between wear scars produced at 500 and 1000-gram
loads. The plot was generated using the averape values of 20 laboratories testing nine fuel
samples. The best-fit equation of the line is Y=1.144X-0.006, where Y equals the WSD at
1000 grams, X equals the WSD at 500 grams, 1.144 is the slope, and —0.006 is the Y intercept.
The correlation coefficient is 0.9933, and the standard error of the estimate is 0.015. Both the o
plot and the equation of the line can be used as a quick reference to relate values generated at 500
grams to 1000 grams.

All Falex Rings used throughout this technical effort were calibrated using two standard
reference fluids. These reference fluids are designated as Primary Reference Fluid A and
Secondary Reference Fluid B in Draft No. 10 of the CRC BOCLE test procedure. Reference
Fluid A is a mixture containing 30 parts per million (ppm) by weight duPont DCI-4A
Cl/Lubricity Improver in lsopar M. Isopar M is a relatively pure, narrow-cut, isoparaffinic
solvent produced by Exxon. The chemical and physical properties of Isopar M are included in
Appendix A. Reference Fluid B is ‘neat’ lsopar M containing no additives.
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Reference fluid A was used specifically to qualify the test rings for use in BOCLE testing, A
WSD of 0.60 0.02 mm was used as the qualifying criteria. Reference Fluid B (neat Isopar M) is
a considerably harsher fluid than that of the Isopar M/DCI-4A mixture and as a result produces
a significantly larger wear scar. It is, therefore, sensitive to ring contamination and so was used
to ensure that proper cleaning precautions had been followed.

In addition to qualifying the test rings using the primary and secondary reference fluids,
conformance to material specifications for surface finish and hardness was verified. These
measurements also permitted the relationship between the specified material properties and the
accepted reference fluid calibration value to be established. Verification of the 20- to
30-microinch (u) surface finish was accomplished using a Sheffield Model E-20A Surface
Texture Measuring Instrument. Rockweil hardness was verified using a Wilson Mechanical
Rockwell Superficial Hardness Tester.

b. Additives Evaluated

BOCLE tests were performed on each of the CI/Lubricity Improvers approved for use by
the MIL-1-25017D QPL. The Cl evaluated, manufacturer’s designation, and specified relative
effective, minimum effective, arid maximum allowable concentrations are listed in QPI.-25017-15
that is contained in Appendix B. During the course of the investigation, the most recent revision
of the QPL, QPL-25017-15 issued in January 1987, resulted in the deletion of P-3305 (Unichema
Chemie B.V., Netherlands) from the QPL. Two new CI were added to the revised QPL: Nuchem
PCI-105 and Welchem 91120. Both the former and the latter CI were included in the
investigation. Fresh samplesa of CI were procured from the manufacturers.

c. Test Fuels

CI performance was evaluated in four test fuels: neat Isopar M, JP-4, JP-8, and JP-5. The
matrix fuels wers stoted in 56-gallon epoxy-lined drums. With the exception of Isopar M,
20 gallons of each fuel type were stripped of additives, naturally occurring lubricity enhancers
(polar compounds), and contaminants by slow percolation through oven dried Attapulgus clay.
Clay treating (CT) was performed according to Annex A of ASTM D2550. The degree of fluid
harshness attained was verified by performing BOCLE tests upon completion of the clay
treating. In instances where a BOCLE WSD of greater than 0.75 mm was not, obtained, the fuel
was subjected to additional passes through the clay. The harshness of the matrix fuels was
verified a second time prior to preparation of each set of Cl/fuel blends.

d. Additive/Fuel Blends

To determine effective CI concentrations in sach of the four test fuels, testing was
performed at nine concentrations ranging from zero to the maximum allowable concentration
permitied for each CI in QPL-26017-156. Additive/fuel blends were formulated from a 100-ppm
concentrate at levels of 0, 1.5, 3, 6, 9, 12, 15, 20, and 30 ppm by weight. This range was extended
for two of the Cl having maximum allowable concentrations of 42 ppm. To provide a fair
sssessment of the effective concentration of the ClI in each of the four different test fuels, the CI
were blended at the various concentrations in ppm by weight rather than in grams per cubic
meter (g/m" ). Depending on the density of the fuel, a maximum allowable concentration of
22.6 g/m" ranges from approximately 26 to 30 ppm.

e. Test Temperatures
BOCLE WSD as a function of CI concentration were generated at 25°C (77°F). In three of

the four test fuels, CI were also cvaluated at 76°C (167°F) to assess the effect of temperature on
additive performance.
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f. Summary of Test Matrix

A summary of the test materials, CI concentrations, and test temperatures is shown below:

BOCLE: Falex Ring, 600g applied load

PL, CI{Lubricity Improvers: 16

I Levels Evaluated (ppm): 0, 1.5, 8, 6, 9, 12, 15, 20, 30, 42
Test Fuels: ‘I;Ilgast Isopar M, CT JP-4, CT JP-8, CT
Test Temperatures: 26°C (77°F), 76°C (167°F)

2. REFINEMENT OF RPHPLC METHOD FOR DETERMINING CI CONTENT IN JET FUELS
a. Equipment and Instrumerital Conditions

Based on previous research reported in Reference 6, the following equipment and
instrumental conditions were used to begin the method optimization:

A Varian Model 5560 Ternary Liquid Chromatograph as shown in Figure 4 was used to
perform all HPL,C analyses in this study. It was equipped with a Varian Model UV200 variable
wavelength ultraviolet-visible detector set to 202 nanometer (nm) with a 0.6-second response
time, a Rheodyne Model 7125 injector valve with 50 microliter (uL) sample loop, and an
electronic column heater. Quantification was accomplished using a Varian Model Vista 402
Chromatography Data System. Baseline treatment was performed automatically by the data
system software. All calibrations were performed in the External Standard mode.

FC 46315

Figure 4. Varian High Performance Liquid Chromatograph

The following HPLC bonded phase columns were eveluated: cyano (Alltech Associates,
Deerfield, I1.); amino, cyano and phenyl (Brownlee Labs, Santa Clara, CA); carboxymethyl weak
ion exchange (Toyo Sota, Japan); phenyl sulfonic acid strong cation exchange and quaternary
amine strong anion exchange (Whatman, obtained from Alltech Associates).
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The mobile phase compositions evaluated included blends of methanol, isopropanol, and
aqueous buffers.

Samples and standards were injected into the chromatograph, without any pretreatment,
via a 50-uL sample loop. After the additive compounds eluted, a column wash and reequilibration
program was necessary to remove the residual fuel sample. The ternary (3 solvent) capability of
the chromatograph was used to perform this function,

Standards were prepared in 125-milliliter (uL) Teflon bottles (Nalge Co., Rochester, NY).
b. Materials

¢ HPLC grade methanol, isopropanol and water were obtained
from Burdick and Jackson (Muskegon, MI).

¢ Potassium phosphate, monobasic (KH, PO, ) and sodium
hydroxide (NaOH) were ACS Analytical Reagent grade and
were obtained from Mallinckrodt, Inc. (Paris, KY).

» EMPOL 1010, a 97 percent pure dilinoleic acid, and EMPOL
1041, an 80 percent trilinoleic acid (20 percent dimer), were
obtained from Emery Chemical Company (Cincinnati, OH).

o Purified linoleic acid was obtained from Fisher Scientific
Company, (Fair Lawn, NJ).

e The 15 CI products listed in the QPL-26017 -15 were
obtained from the respective suppliers.

¢ Clay treated JP-4 fuel was prepared by filtering JP-4 through
a glass column packed with Attapulgus clay per ASTM
D2650.

¢ Additive free JP-4 was obtained from Sun Oil Company
(Philadelphia, PA).
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SECTION 1l

RESULTS AND DISCUSSION

The results and significance of the BOCLE tests performed on 16 corrosion inhibitors are
discussed in the paragraphs that follow. Results and discussion of work directed &t refining the
RPHPL.C method for determining CI content in jet fuels and applicability of the methodology to
CI approved under MIL-I-25017D are also presented,

1. CORROSION INHIBITOR EVALUATIONS
a. Lubricity Test Data

Tables of the BOCLE data generated for each of the CI in each test fuel, over the range of
concentrations at which they were tested, are included in Appendix C. Profiles of additive
performance were generated for each CI in the form of polynomial curve fito plotted from the test
data. These plots provide a means for determining the amount of additive required to provide
sufficient lubricity properties to jet fuels. The plots also provide an avenue for tracking
deterioration in fuel lubricity as levels of CI are deploted. These curve fits are presented in
Appendix D, indexed by fuel type.

b. Criteria Used to Asgess Performance

In order to assess the effectiveness of the CI, guidelines and criteria were established to
permit comparison of the responsiveness of one Cl to another. Among the criteria considered was
the amount of additive required to provide relative effective lubricity enhancement. For the
purpose of this discussion, the terminology ‘relative effective concentration’ is defined as the
concentration of CI required to provide a BOCLE WSD equal to 0.60 mm. The 0.60 mam WSD is
currently under consideration by the Air Force to describe minimum acceptable lubricity. This
value was selected on the basis of an Air Force survey of hydraulic fuel pumps that had
experienced problems when exposed to fuel having a WSD of greater than 0.60 mm. In rating CI
performance, consideration was also given to the lubricity improvement that was ettainable at
maximum allowable concentration. Twenty-two and a half grams per cubic meter was the
maximum allowable concentration permitted by QPL-25017 for all but two of the CI evaluated.
The two exceptions are Unichema P-3305 (excluded from the QPL in the January 1987 revision)
and Tolad 245. Both are permitted a maximum allowable concentration of 42 ppm (81.5 g/m?).

Therefore, examination of the BOCLE results considered (1) ‘relative effective concentra-
tion', defined as the level of CI required to reduce the BCCLE WS to 0,60 mm (2) ‘masimum
effective concentration’, defined as that concentration at which no further reduction in WSD is
apparent with continued increases in CI concentration; and (3) maximum lubricity achieved, i.e.,
WSD at the maximum allowable concentration.

¢. Performance Profiles

Computer software was developed to permit archiving and plotting of the BOCLE test data.
Second, third, and fourth order polynomial curve fits best-fit the test data for plotting WSD as a
function of concentration. The curve fits were used as a tool to establish relative effective
concentrations for each CI and for determining the effect of fuel type and temperature on CI
response. Figure 4 is an example of the curves produced by the software. For quick reference, a
dashed linc was drawn across the plot by tho computer to represent the targeted 0.60 mm W3
lubricity value. The point at which the plotted curve crossed the dashed line was calculated from
the polynomial equation and printed out on the plot as the “relative effective concentration.” As
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shown in Figure 5, the concentration requirements per QPL-25017 the accuracy of the curve fit
data (standard error of the estimate (SEE)), and correlation coefficient (R) are alse documented
on the plot. A complete sot of curve fits, profiling additive performance for sach QPL CI, are
contained in Appendix D, indexed by fuel type.
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While interpreting the curves shown for each CI, consideration should be given to small
variations in additive response that mav eppear unduly emphasized by the graph. In ruality, the
data fall within the eatablished limits of test repeatability (0.03 mm). Although varying in profile,
the curves for each Cl assessed at 25°C (77°F) responded predictably to increasing CI
concentrations, At maximum allowable concentration, WSD ranged from 0.47 to 0.61 mm for the
16 CI tested in the four fuel types. In at least three out of the four test fuels, all but four of the 16
CI had achieved maximum effectivenesa upon reaching maximum allowable concentration. As
shown by the plots in Appendix D, the majority of CI exhibited a plateau between 20 and 30 ppm.
showing no further reduction in WSD with increased concentration. Six of the CI, however, did
show evidence of a continued reduction in WSD with increasing concentration.

i')
v
L

Curve fits comparing IPC-4410 and Tolad 249 in CT JP-4 are shown in Figures 5 and 6,
respectively. IPC-4410, as shown in Figure 5, exhibits outstaiiding lubricity improving properties
with a 0.48 mm WSD achieved at maximum allowable concentration. Additive efficiency of IPC-
4410 in JP-4 is reflected by the small amount of CI required to meet the required 0.60 mm WSD.
IPC-4410 performed equally well in CT JP-8 and CT JP-6. As shown by the curve in Figure 6,
Tolad 249 failed to meet the 0.60-mm WSD criteria for lubricity enhancement even at its
maximum allowable concentration. Field experience supports the test data, indicuting that Tolad
249 is among the least effective Cl currently on the approved QPL.

d. Effect of Fuel Type on Additive Performance

It was suspected during the early stages of this investigation that some additives would
respond differently to different type fuels. In general, fuel type had little effect on additive
porformance. These were, however, clay treated fuels, It is possible that unique responses to
additives could occur with fuels containing different polar compounds. In the clay treated
samples, the BOCLE WSD at maximum allowable concentration, and the level of CI required to
achieve a 0.60-mm WSD, were relatively consistent from fuel type to fuel type. Some variation,
however, wae observed. As shown in Table 1, the most significant variation was that of P-3305
(no longer an approved CI) in JP-6. This is apparent when comparing its performance in JP-5 to
the other three test fuels. It was thought that the slight differences in the performance of an
additive irom one fuel type to another could be attributed to one, or a combination, of the
following causes:

CI depletion
¢ Unique CI response to the properties of a specific fuel type

¢ Small variations in Cl active ingredient between stock
solutions caused by vaporization of diluent during weigh-
ing/blending procedure

+ Variations in volatility of the fuels that may cause concentra-
tion of CI during the BOCLE test

« UJnknown test variable(s) |
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TABLE 1. Effoctive Corrosion Inhibitor Concentrations for Lubricity Iinprovement

Concentration Required to Achieve BOCLE WSD at Maximum Allowable
0.60 mm BOCLE WSD Conceniration
a/m’ mm
Average Al Fusl Types
Corrosion Isopar  CT cTr cr Concentration Isopar CT cr cr Average

’ Inhibitor M JP-4 JP-5§ JP-8 Range Required M __JP4 JP5 JP-8 Range WSD
IPC-4410 8.3 5.3 8. 6.4 3.0 8.6 0.51 0.48 048 048 0.03 0.49

] NALCO 540h 0.8 6.8 8.1 19 3.0 8.2 0.48 0.60 0.62 048 0.04 0.50
. ARCO IPC-4445 14.4 8.0 113 11.9 5.4 11.8 054 050 058 054 008 0.54
UNICHEM P-3305 7.8 8.3 18.9 95 113 111 0.47 0.62 0.51 0.52 0.08 0.80

NALCO 5403 10.6 9.0 89 9.5 1.7 8.5 0.53 0.63 0.50 050 0.03 0.52

UNICOR J 6.8 6.8 81 8.7 1.9 1.6 047 053 048 054 0.08 0.50
MOBILAD F-800 8.3 8.8 6.6 0.5 2.7 7.8 049 082 050 048 0.04 0.50

TOLAD 245 20.4 21.1 194 18.1 2.0 200 0.56 0.54 0.64 0,55 001 0.54

DCI-6A 9.1 8.3 8.5 8.7 2.8 8.2 048 054 048 052 0.08 0.50
LUBRIZOL 541 136 134 106 119 3.1 124 054 054 058 055 002 0.58

DCI-4A 8.8 9.0 65 .2 2.5 7.4 048 055 048 050 007 0.50

HITEC E-580 121 8.3 11.3 111 3.8 10.7 052 085 051 054 004 0.53

APOLLO PRI-19 16,1 143 13.0 14.3 21 14.2 0,64 058 0.2 087 0.05 0.85

TOLAD 249 219 >228 23.5 23,1 1.6 >22.8*% 0.59 0.61 0.60 060  0.02 0.60
WELCHEM 81120 12.1 84 113 12.7 4.4 111 0.58 0.62 0.54 0.54 0.04 0.54
NUCHEM PCI-105 13.6 128 138 119 1.9 13.0 058 054 0b¢ 082 0.03 0.54

*Exceeds Maximum Allowsble Concentration per QPL-25017-15

A brief study was conducted to investigate the effect of CI depletion on the test data. The
effect of CI depletion on BOCLE results was considered in relation to the time between
preparation of the 100 ppm concentrate and preparation of the subsequent blends. Also
investigated was the effect of time between preparation of the individual blends and performance
of the BOCLE tests. A series of CI profiles previously generated were repeated. BOCLE tests on
the individual blends were performed within 24 hours of preparation of the initial 100 ppm
concentrate. RPHPLC was used to monitor CI depletion rates. No evidence was found that the
BOCLE results had been affected by depletion of CI or that significant plating out of additive
had occurred duving the 24-hour period. The newly generated curves were consistent with those
previously reported for the other three test fuels.

¢. Etffective Concentrations for Lubricity Improvement

The effective concentrations for lubricity improvement, based on the 0.60 WSD criteria, are
shown in Table 1 for each of the 16 CI in each of the four test fuels. Military specifications
require the addition of CI (o JP-4, JP-5, and JP-8. It is unlikely that a future revision to the
military specification will call out varying relative, minimum, and maximum concentrations
based on fuel type alone. Fuel type has been shown to have little effect on additive performance.
Since there is a need to know how an additive will respond in general to any current JP fuel,
much of the following discussion will focus on the average test results for all matrix fuels
cumulatively as opposed to addressing each fuel type individually. Table 1 permits independent
comparison of test fuels.

In addition to data for each specific fuel, the average concentration required in all test fuels
to achieve minimum lubricity improvement is shown in Table 1. Only six of the CI evaluated
exhibited a 0.60 mm WSD at concentration levels of 9 g/m® or less. Nine g/m® is the ‘minimum
effective concentration’ defined by QPL-25017-15, while 0.60 mm WSD is the Air Force proposed
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value for determining minimuam acceptable lubricity improvement. Of the reraaining ten CI, eight
met the 0.60-mm WSD criteria between 10 and 14 g/m®, one approached its maximum allowable
concentration, and one CI (Tolad 249) exceeded maximum allowable concentration. Looking st
the test fuels independently, only 6 Cl in Isopar M, b in JP-8, 7 in JP-5, and 11 in JP-4 met the
desired 0.60-mm WSD criteria for minimum effective lubricity improvement at the minimum
effective concentration of 9 g/m? designated by QPL-25017-15. The improved performance of
many CI in JP-4 may be a result of evaporation of light ends during the BOCLE test, thereby
concentrating CI. Maximum effective concentration (that in which no further reduction in WSD
was realized) ranged from 9 to 31.5 g/m® .

Exa

f. Pertormance Ranking

Based on their performance as lubricity improvers, the 15 currently approved CI fall into
three distinct groups. Grouping of CI performance was based on the average results of all test
fuels. Each performance group, as shown in Table 2, was distinctive in relation to both total |
reduction in WSD achieved at maximum allowable concentration as well as the concentration _
required to achieve 0.60 mm WSD. =

Group No. 1 consisted of six CI in which similar maximum
lubricity improvement of 0.49 to 0.50 mm WSD (essentially the
same) was achieved. Concentrations required to achieve a 0.60
mm WSD ranged from 6.6 to 8.2 g/m® . This concentration range
conformed to the 9 g/m® minimum effective concentration
requirement set forth by QPL-25017-15. The CI in Group No. 1
were extremely efficient in low level response to providing and
maintaining excellent lubricity enhancement.

Group No. 2 consisted of eight CI providing a maximura lubricity
improvement of 0.52 to 0.56 mm WSD. Concentrations required
to achieve a 0.60 mm WSD ranged from 9.5 to 12.4 g/m® . With
the exception of one CI, this group exceeded the QPL defined
minimum effective concentration (Tolad 245 has a 22,5 g/m?®
minimum effective concentration while the remaining CI have
requirements of 9 g/m® ). This group of CI exhibited good to fair
lubricity enhancing properties.

Lo NN .

Group No. 3 consisted of one CI (Tolad 249) that provided an
average maximum lubricity improvement of 0.60 mm WSD. In
three out of four test fuels, maximum allowable concentration
was exceeded prior to achieving this value. Tolad 249 was shown
to be the least effective CI in providing adequate lubricity
enhancement of jet fuels.
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TABLE 2.
GROUPING OF CORROSION INHIBITOR PERFORMANCE

Average, All Test Fuels

Concentration Required

To Achieve
WSD at MAC 0.60 mm WSD

Corrosion Inhibitor mm gym!
Qroup No. 1

1PC 4410 0.49 68
NALCO 5405 0.50 8.2
UNICOR J 0.50 16
MOBILAD-F800 0.60 78
DCI-6A 0.50 82
DCI-4A 0.50 74
Group No, 2

NALCO 5403 0.62 9.5
HITEC E-680 0.63 107
IPC 4445 (.54 11.8
TOLAD 245 0.64 20.0
WELCHEM 81120 0.64 111
NUCHEM PCI-105 0.54 13.0
APOLLO FRI-19 0.6 14.2
LUBRIZOL 641 0.56 124
Group No. 3

TOLAD 248 0.80 >02.8
Note:

1. QPL — MIL-I-26017D Quadified Products List

2. Averuge WSD-Averuge Wear Scar Dismeter of Cl in Four Test
Fuels

3. MAC — Maximum Allowable Concontration Per QPI.-26017-16

4. QPL Minimum Effective Concentration 9 g/m®, Eicept TOLAD
246 22,6 g/m®

1103/

While the grouping of CI performance is subjective, the thought process in discerning
between the three groups takes into consideration not vnly the total reduction in WSD but also
the military specification requirements for minimum effective concentration. Of those additives
evaluated, IPC-4410 was among the most effective while Tolad 249 was shown to be the least
effective.

g. Etfect of Temperature

BOCLE tests at '76"C (167°F) were performed on the CI/fuel blends to assess Lhe effect of
temiperature on CI performance. Aa predicted, wear scars generated at 75°C (167°F) wero in most
caves measurably larger than those produced for the same fuel blends at 26°C (77°F}. This
supported earlier work by the Naval Air Propulsion Center (NAPC) (Ref. ¢) and P&W (Ref. 10)
indicating that temperature has a dramatic effect on fuel lubricity. Plote generated from the 75°C
(187°F) runs, however, were shown to be extremely erratic. 'The predictable curves exhibited by
the 26°C (77°F) data, showing enhanced lubricity as a function of concentration, were not
apparent when testing at 75°C (167°F). Data scatter and lack of repeatability made valid
interpretation of the test results difficult, if not impossible, at 756°C (167°F).
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Figures 7 and 8 are representative of the phenomenon observed during the elevated
temperature tests, To verify that the erratic data was the result of random, temperature-induced
scatter, the entire series of BOCLE runs were repeated from 0 to 30 ppm at 75°C (167°F) for two
CLI. The resulting profiles were significantly different fromn the original plots. Both Cls continued
to exhibit nonrepeating, random data scatter. It was concluded that the validity and usefulness of
the data was questionable. With the concurrence of the Air Force Project Engineer, BOCLE
testing at elevated temperature was terminated.

12 —
11—

1.0 —

08 I O -25c

Concentration - ppm

FOA 346185

Figure 7. —  Effect of Temperature on PRI-19 in Clay Treated JP-4

Temperature has an effect on the way CI function in di ‘ferent wear modes. Although not
fully understood, it is suspected that more than one type of wear occurs during BOCLE
operation. Wear mechanisms that occur in the boundary lubrication regime that could be
spvlicable to BOCLE operation include (1) corrosive wear, (£) abrasive wear, and (3) adhesive
wear.

Corrosive wear occurs when oxygen reacts with metal surfaces to form metal oxides. These
oxides are easily worn away providing fresh surfaces for further o:adation. CI function by
adsorption of the CI polar carboxy group to the metal surface. Thus forming a molecular
boundary layer that acts as a barrier to oxygen and moisture. Adhesive and abrasive wear occurs
when asperities of two metal surfaces come into contact. CI function to provide a molecular
boundary layer between the two surfaces. In abrasive or adhesive wear, asperity contact area can
grow due to the high normal and tangential stresses on the metal so that the trapped boundary
film may be stretched until it ruptures. l.ocal heating can weaken the adsorption forces of the
surface film. Simple polar compounds desorb under high tempeiatures.
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Maximum Allowable - 30 ppm
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Concentration - ppm

r FDA 346106
F Figure 8 —  Effect of Temperature on Hitec E-580 in Isopar M

It is suspected that the data scatter observed at elevated temperature may be a result of
opposing effects of the following: increased wear rates, desorption of CI, and increased fuel
oxidation rates. Temperature increases the rate of corrusive wear by accelerating the rate of
corrosion reactions at the metal surface. In addition, temperature has been shown to increase the
rates of adhesive and abrasive wear. The latter has been demonstrated by the increase in wear
observed in an inert environment. An increase in temperature will also increase the rate of fuel
oxidation reactions that has been shown to reduce wear rates, Fuel oxidation reactions form
various oxygenated species (i.e., carboxylic acids, aldehydes, alcohols, etc.) that, because of their
polarity, act as good lubricity agents, Fuel decomposition during BOCLE testing is evident from
the hrownish black residue observed on the test ball at the point of contact. Consequently, in any
given test, there may be an ongoing competition between increased wear rates caused by higher
temperatures and reduced wear rates due to fuel oxidation.

While not clearly understood, temperature does appear to have a significant effect on CI
performance. However, it is apparent that under standard operating conditions, assessment of
the effects of temperature on fuel lubricity is beyond the capabilities of the BOCLE.

2. PROPOSED MIL--25017 LUBRICITY REQUIREMENT

A thorough review of MIL-1-25017D, which is included in Appendix E, was performed and
the historical background of Cls researched. Current Air Force quality assurance and fleet
support needs were compared to those of the past. The review sought to determine how tha
. current CI specification could be modified to addrees a product’s ability to improve fuel lubricity,
, as well as inhibit pipeline and ground fuel system corrosion. We found that a requirement for
lubricity enhancement could be easily incorporated into the current specification with no
significant effect on otner criteria used in qualifying a candidate CI.

There are 12 tests listed in the military specification used to qualify CIs. These tests are
directed at controlling CI properties, minimizing the effect on fuel properties, and in establishing
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relative effective (REC), minimum effective (MEC), and maximum allowable (MAC)
concentrations.

= om

The twelve teat criteria consist of the following:

1) Solubility — At MAC, there can be no precipitation,
. cloudiness or other evidence of insolubility.

2) Compatibility — At MAC, the CI must be compatible with
all other CI currently qualified and with approved static
disaipator additives.

3) Rust Test — Fstablishes REC, the lowest concentration
yielding a passing result.

4) Water Separation Index, Modified (WSIM) — One of two
priinary criteria used in establishing MAC: the highest
concentration giving a WSIM value of 70 or higher.

b) Electrical Conductivity -— The second of two primary
criteria used in establishing MAC: the highest concentra-
tion giving less than a 40-percent change in electricel
conductivity with fuel containing static dissipator additive.

6) Ash Content — Shall not exveed 0.10 percent when
determined in accordance with ASTM D482.

7) Pour Point — Shall not exceed — 18°C when determined
in accordance with ASTM D97.

8) Storage Stability — Shall show no evidence of gross
separation or degradation after storage for 12 months.

9) Induction Syst- m Deposits — Applicable if CI to be
qualified for motor gasolines.

10) Emulsification Tendency — Applicable if CI to be qualified
for use in motor gasolines and diesel fuels.

11) Accelerated Stability — Applicable if CI to be qualified for
use in diesel fuels. Determines formation of total insolubles
in accordance with ASTM D2274 at MAC.

12) Engine Test — Muat pass 100-hour engine test using JP-4
containing CI at 2 times the MAC. Shall indicate no -
excessive deposits, wear or corrosion attributed to the ]
inhibitor.

Currently, CI effectiveness is evaluated in terms of corrosion inhibition and is assessed
primarily on passing the rust test. The lowest concentration at which a C{ passes the rust test is
defined as the REC, and cannot be less than 6 g/m® . The “not less than 6 g/m®” requirement
originates from early development work in which the rust test was shown to exhibit poor
precision at low concentrations. The range of concentrations perimissible for use in fuels is
derived in part from the REC. MEC is specified as 1.5 times REC and cannot be less than 9 g/m?
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(1.6 times 6 g/m® ). MAC is governed by a number of considerations; the most significant are
WSIM and electrical conductivity. MIL-1-25017D defines MAC as the lowest of the following:

Fifty-four grams of inhibitor per cubic meter of fuel.

e Four times the REC.

» The highest concentration giving a WSIM value of 70 or
greater,

» The highest concentration giving less than a 40-percent
chango in electrical conductivity with fuel containing static
dissipator.

MIL-I-25017D elso specifies that the MAC shall be equal to, or greater than, the MEC and
shall be a value evenly divisible by 4.5 within a range of Y to 54 g/md .

Minimal changes to the curront specification would be riecessary to incorporate lubricity
enhancement as an additional criteria for qualifying CI. Inclusion of a lubricity requirement can
be most readily accomplished by redefining REC while leaving the requirements for MEC and
MAC unchanged. Maintaining the MEC as 1.5 times the REC is recommended to compenaate fot
(1) blending errors at the refinery, (2) lossea during transport and storage, and (3) variations in
performance between fuela. MAC would continue to define upper limits. In this way, the basic
test requirements are unaffected by the modification. Redefining REC would entail incorporating
a 0.60-mm BOCLE WSD lubricity requirement along with the rust test, as well as the following
stipulations: (1) REC not exceed 36 g/m3 (if it did, then MAC would exceed the 54 g/m® limit);
(2) 1.5 timer the REC not yield a WSIM value less than 70; and (3) 1.5 times the REC not yield

greater than 4U percent change in electrical conductivity with fuel containing static dissipator
additive.

The latter three stipulations act as a cutcff to prevent those CI that require large
concentrations to meet a 0.60-mm BOCLE WSD from eiceeding the current MAC requirements.
Inclusion of the above restrictions would alsc permit a step-wise progression for qualifying a CI;
eliminating tho need for further testing of CI that did not meet the WSIM and electrical
conductivity values ultimately required of them at MAC.

The following proposes a rewording of the current MIL-1-25017D specification based on the
above discussion. Additional ruquirements for defining REC and those that hava been modified
for the current specification are denoted by an anterisk (*).

RELATIVE EFFECTIVE CONCENTRATION (SEC 3.5)

1) *Shall be defined as the lowest concentration giving both a pussing result in
the rust test (Sec 4.6.3) and & maximum BOCLE WSD of 0.60 mm.

2) 'The REC shall not be less than 6 g/m’ .
3) *The REC shall not exceed 36 g/m° .
4) *Cne and a hslf times the REC shall not yield a WSIM value less than 70.

6) *One and a half times the REC shall not vield greater than 40 percent

change in electrical conductivity with fue! containing static dissipator
additive.
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MINIMUM EFFECTIVE CONCENTRATION (SEC 3.6)
1) Shkall be defined as 1.5 times the REC.
2)  Shall not be less than 9 g/m* .
3) *Shall not exceed MAC.
| MAXIMUM ALLOWABLE CONCENTRATION (SEC 3.7)

The MAC shall be equal to, or greater than, the MEC and shall be the lowest of the
following:

1) Fifty-four g/m?® .
2) Four times the REC.
3) The highest concentration giving a WSIM value of 70 or higher.

4) The highest concentration giving less than 40 percent change in electrical
conductivity with fuel containing static dissipator additive.

! The effect of redefining relative offective concentration, as shown in Table 3, indicates that
MEC would be increased for all but two of the currently approved CI. Three CI would be
disqualified based on the above revisions. Those Cl failing to meet the new requirements are
Tolad 249 Lubrizol 541, and Nuchem PCI 106.

Tolad 249 would fail to qualify on the basis of its limited lubricity improving properties. In
determining its REC by the new guidelines, Tolad 249 was unable to achieve a BOCLE WSD of
less than or equal to 0.80 mm at concentrations up to 22.5 g/m?® . Since its MAC is 22.6 g/m®,
Tolad 249 would be disqualified.

Although Lubrizol 541 meets the lubricity requirement at a REC of 13.6 g/m®, its MEC
(1.5 x 13.6 g/m® = 20.4 g/m® ) exceeds ita current MAC, and as a result would fail to qualify. The
same is true for Nuchem PCI-105, whose redefined REC exceeds its MAC. Since MAC for Cls
are dsfined primarily by their effect on WSIM and changes in electrical conductivity, it is also
unlikely that Lubrizol 641 and Nuchem PCI-105 would meet the requirements that 1.5 times the
REC not give a WSIM value less than 70 nor result in a change greater than 40 percent in
eluctrical conductivity of a fuel containing static dissipator additive.

[ 2 o o 5 S E L i

One other CI, Tolad 245, only marginally meets the requirements of the propnsed revision.
The REC was determined to be 21.1 g/m?® (highest, second only to Tolad 249) thus making its
MEC 31.6 g/m®. MAC is set at 31.5 g/m® by QPL 25017-15. Of the three additives failing to meet
the proposed lubricity requirement for MIL-I-25017D, only Tolad 249 is among those CI most
commonly used by the AF according to a 1984-1985 survey shown in Figure 9.

An important aspect to be considered in incorporating & lubricity requirement into the
current military specification is the need for a specific reference {luid. Under the suggested

W guidelines for a revised MIL-1-256017D specification, passing or failing a particular product may
Q be dependent on the test fluid in which it is evaluated. Fuel properties are not likely to remain
W constant in future years. Therefore, for the purpose of approving a candidate CI for the QPL, the
g reference fluid should be a relatively pure hydrocarbon of a known, consistent, composition.

: Isopar M meets the above requirements. Its composition is well known and there is a
considerable data base available for Isopar M in terms of lubricity testing. Currently, lsopar M
containing 30 ppm DCI-4A is used as the primary reference fluid and neat Isopar M, containing

' no additive, is used ar the aecondary reference fluid in the standard BOCLE test procedure.

b)“

3
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TABLE 3.
’ EFFECT OF REDEFINING RELATIVE EFFECTIVE CONCENTRATION

IN JP-4

i g/m®

A Redefined Redefined

3 REC QPL MEC QPL QPL WwSD
Corrosion Inhibitor (0.60 WSD) REC (1.6X REC) MEC MAC at MAC

v IPC-4410 6.3 6 8.0 9.0 22.5 0.48

] NALCO 54056 6.8 8 10.2 9.0 22.6 0.560
1PC-4445 9.0 8 13.6 9.0 22.56 0.50
P-3305 8.3 9 124 13.5 31.6 0.62
NALCO 5403 9.0 6 13.6 8.0 22.6 0.53
UNICOR J 6.8 6 10.2 9.0 22.6 0.53
MOBILAD F-800 6.8 6 17.0 9.0 22,6 0.62
TOLAD 245 21.1 15 31.8 22.b b 0.54
DCI-6A 8.3 [} 124 9.0 22.6 0.54

q LUBRIZOL 641 13.6 8 204 9.0 16.0 0.54

1 DCI-4A 9.0 (] 13.6 9.0 22.6 0.65

\ HITEC E-580 8.3 6 124 9.0 22.6 0.56

f PRI-19 14.3 6 214 9.0 22.56 0.56
TOLAD 249 >22.6 8 >33.9 9.0 22.6 0.61
WELCHEM 91120 8.3 [} 13.5 9.0 22.6 0.52
NUCHEM PCI-106 12.8 12 18.2 18.0 18.0 0.54
Notes:

. (1) REC = Relative Effective Concentration
§ (2) MEC = Minimum Effective Concentration
(4) MAC = Maximum Allowable Concentration
(4) 0.80 WSD = Maximum BOCLE WSD advocated by Air Force
(h) QPL = QPL-256017-156

RINGAL/1L

3. REFINEMENT OF RPHPLC METHOD FOR DETERMINING Cl CONTENT IN JET FUELS
a. Method Development Goals

The objective of this investigation was the development of a relatively simple method for
quantifying CI content in jet fuels. The overall goal was the development of a method that could
be setup and utilized by Air Force quality assurance laboratories and by refineries. Specific goals
set for the method were:

* No sample pretreaiment be required.
A + Applicability to all approved CL

* Good precision and accuracy.

« Instrumentation be moderate in cost, readily available and
not require special expertise in data interpretation.
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b. Preliminary Method Development — Theory and Mechanism

The theory upon which the current methodology was developed takes advantage of the
unique properties of the CI components and the ability of RPHPLC to resolve those components.
All of the approved CI use polar, surface-active organic compounds as active ingredients. Most
are similar to the trimer, dimer, and monomer linoleic acids. The material safety data sheets for
eleven CI describe active ingredients as high molecular weight organic acids or their derivatives.
One exception was ''olad 245, which is described as “acylated glycols and alkanolamines”. Four
CI claim proprietary ingredients only.

The active ingredients used in CI do not lend themselves well to gas chromatography
because of their low volatility and would require derivitization prior to analysis. Other methods
such as infrared spectrometry require extraction of the CI from the fuel matrix prior to detection.
In addition, infrared spectroscopy requires expert data interpretation.

However, considering the ionic nature and the molecular size of the CI components, it
appeared possible te use liquid chromatography for separation from the fuel matrix prior to
detection. An ultraviolet detector was chosen because carboxylic acids absorb fairly well in the
ultraviolet region of 200 to 210 nanometers. This type of detector is very stable, sensitive, and
readily available.

The preliminary method, described in Reference 8, demonstrated that polar high molecular
weight (MW) compounds such a3 the model compound dilinoleic acid, could be separated from a
fuel matrix and quantified down to about one ppm. This was accomplished using a cyanopropyl
bonded phase column and a mobilo phase composed of 60 percent isopropanol and 40 percent
buffer (pH 7.0, 0.395 M KH, PO, /NaOH). This mode of HPLC analysis is termed reverse pkase
because the mobile phase is more polar in nature than the column stationary phase. Normal
phase HPLC is just the opposite.

The apparent separation mechanismn of the cyanopropyl column is size exclusion of
ionically neutralized CI components. Size exclusion describes the mechanism by which sample
molecules elute through a column stationary phase according to their MW, the largest molecules
passing through the column first. The order of elution is trimer linoleic acid (MW 845), dimer
linoleic acid (MW 566), and mono linoleic acid (MW 282) followed by the fuel matrix
components (MW leas than 225). The buffer ionically neutralizes the acids at a pH of 7.0 causing
them to elute as narrow zones that increases their detectability. This mechanism is termed
ionization suppression (IS). IS ia believed to control chromatographic retention by suppressing
the ionization of the ionic sample with a mobile phase modifier such as a buffer. IS is most useful
in the range of pH 3 to 8 and is normally performed using reversed phase columns (i.e., C-18
(octadecyl), C-8 (octyl), etc.). The result is the elution of compounds exhibiting sharper peaks
than peaks produced without the buffer.

In support of this theory, the presence of the KH, PO, /NaOH buffer was necessary as no
peaks were observed when pure water wns substituted. Further evidence is given by capacity
factor (k') calculations that can be defincd as a measure of chromatographic efficiency. Small k'
values indicate that the solute is not weil retained by the column packing. The Kk’ for dilinoleic
acid was 0.0 and that of linoleic acid was 0.14. This indicates that both compounds are essentially
unretained by the column and implies a separation mechanism of size exclusion facilitated by IS,
The result is an on-column separation of CI components from the fuel matrix. The sample with
no pretreatment is simply injected directly into the chromatograph for analysis.

A limited survey «f CI was conducted using the RPHPLC method. Figure 10 is a
chromatogram of DCI-4A obtained by this method. The survey indicated that most CI were, in
fact, multi-component and that greater chromatographic resolution between tke components
would be necessary to achieve good precision and accuracy.
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Figure 10. — Chromatogram of DCI-4A Using Preliminary RPHPLC Method

c. Method Modification

This phase of the investigation focused upon modification of the preliminary method to
ivoprove the chromatographic resolution of the CI components. Building upon the previous
research, it seemed obvious to evaluate the possibility of increasing resolution by increasing the
ansalytical column length. It was found, however, that as column length was incre ased, the peak
widths increased, but with no improvement in resolution. Adjustments in the mobile phase also
failed to provide the needed resolution.

Various other column types were coupled after the cyanopropyl column to evaluate their
effect on CI peak resolution. Amino, phenyl, C-18 and C-8 bonded phases were rigorously
evaluated, including ion pairing techniques, but nc increase in Cl component resolution was
obtained. In fact, it became apparent that adjustments made to increase k' of the components by
mobile phase or column-type changes either had no effect, or s0 dramatically increased k' that
the CI components were lost in the fuel matrix peak.

Ion exchange chromatography (IEC) was also evaluated. T'ypically, IEC is difficult to use
because of the many variables that can affect results. It does, however, offer the capability to
precisely vary the chromatographic retention of ionic compounds. The first colmnn investigated
was a Particil 10 SAX strong anion exchange (Whatman). Use of this column resulted in too
much retention of the CI compounds that caused them to be lost in the fuel matrix peak.
Attempts to decrease retention by varying the mobile phase parameters proved unsuccessful.
Results did indicate, however, that weak ion exchange columns could likely provide the desired
resolution. Subsequently, a carboxymethyl weaik ion exchange column (Toyo Sota Co.) was
coupled to the cyanopropyl column. Mobile phase ionic strength, pH, and percent organic
modifier were varied and evaluated for optimum conditions. DCI-4A in clay treated JP-4 was
used to evaluate the test parameters. DCI-4A was chosen because of its complex nature.
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Information from DuPont Co. indicated thut DCI-4A was about 16 percent high polymers or
trimer acids, 53 percent dimer acids, 18 percent monower acids, and 13 percent rosins. It is a by-
product of pine tree cellulose processing.

The low percentage of triwaer acid in DCI-4A caused its peak to appear only as a leading
shoulder on the dimer peak at a 32 ppm level of DCI-4A. However, a blend of 23 ppm trimer
(TLA), 26 ppm dimer (DLA), and 21 ppm monomer linoleic acid (MLA) produced a very good
separation. Figure 11-a shows the chromatogram of the additive-free JP-4 used to make the blend
while Figure 11-b shows the separation achieved for the trimer, dimer, and monomer peaks. Very
good resolution (R=0.9) of the trimer acid from the dimer acid was obtained. Previously, the
trimer and dimer acids coeluted first, followed by coelution of the monomer acids plus the rosins
and polar fuel components.

At this point, several observations were made that caused reconsideration of which additive
components or peaks should be used for calibration. These observations are summarized below:

(1) A review of chromatograms for fuels before and after slorage suggested that
dimer acid levels may diminish rapidly with time. 1t appeared that
monomer acids, however, diminished at a much lessor rate and may more
closely approximate the CI content of a fuel upon receipt of the sample.

(2) BOCLE data indicated that MLA is an excellent fuel lubricity improver.
BOCLE results on three neat JP-4 samples containing 10 ppm MLA, DLA,
and TLA, respectively, showed the order of lubricity enhancement to be
MLA (0.51mm WSD) greater than DLA (0.55 mm WSD) greater than TLA
(0.566 mm WSD).

(3) A high density fuel sample (87-POSF-2605) received from AFWAL/POSF
for determination of fuel lubricity and CI content produced a BOCLE WSD
of 0.51 mm. Using the BOCLE curves showing WSD vs CI concentration, a
0.51 mm WSD was indicative of approximately 24 ppm DCI-4A. When
calibrating on the dimer peak, RPHFLC anelysis indicated a CI content of
9.5 ppm. However, when calibrations were performed on the monomer
peak, the CI content measured 22 ppm that agreed significantly better with
the BOCLE/CI curves.

Ona point of concern was that some fuels displayed a small additional peak that coeluted
close to the same retention time as the monomer acid peak, and this could be contributing to the
integrated peak height of the monomer. The above findings indicated that further method
development was necessary to separate the monomer acid peak from the fuel components.

Experience with strong cation exchange chromatography and the information gained with
weak ion and strong anion columns, indicated that the use of a strong cation exchange bonded
phase column, coupled after the cyanopropyl column, could be made to provide the desired
separation, With small mobile phase modifications, the monomer acid peak was resolved from
the fuel components as shown in Figure 12 at a retentiun tiue of 5.667.
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Figure 11. —  Carboxymethyl Column Separation of Dimer, Trimer and Monomer

Linoleic Acids in Additive Free Sun Oil JP-4

Although, complete resolution of the monomer peak was achievod, there was some loss in
resolution between the trimer and dimer peaks. This loss, however, did not seem to affect
quantitation results. Analysis of the 87-POSF-2606 sample was repeated using DCI-4A
standards. As shown in Figure 13, calibration on the dimer peak produced a result of 9.2 ppm,
while calibration on the monomer peak indicated 24.4 ppm DCI-4A. It was apparent that more
than just the fuel peak (probably the rosins) was resolved from the monomer peak gince the size
of the resolved fue! peak was much greater with DCI-4A additive than without. Apparently, some
minor DCI-4A constituents were included in the fuel peak. This peak will now be referred to as
‘“others” to acknowledge this observation. T'he retention time differences were due to different
flow rates (i.e. 0.5 va 0.75 ml/min.) used during final method optimization. This affected
retention times only.

The mechanism of this separation is a form of ionization suppression (IS) as described
earlier. The phenylsulfonate bonded phase of the Particil 10 SCX strong cation exchange column
acts to provide the reverse phase-like surface normally used in 1S; except there is the cationically
active sulfonate moiety present. We found that by adjusting the mobile phase pH to 5.5, the ionic
strength of the buffer to 0.02 M, and using a methanol organic modifier al 90 volume percent,
good separation of the CI components was obtained. We bolieved that under these conditions, the
sulfonate moiety competes to some degree with the trimer, dimer, and monomer acids and the
“other” components for the available sodium and potassium cations. This action tends tn slightly
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increase retention of both the CI and “other” components on the phenyl phase, thus providing
the desired separation.

DCI-4A
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Figure 12. —  Chromatogram of Resolved Monomer Acid Peak

In addition, we believed that only polar molecules and large molecules with molecular
weights greater than about 200 are eluted ahead of the fuel matrix peak. As shown in Figure 11,
peaks have been observed in additive free fuels with this method. These peaks could be naturally
occurring lubricity compounda, auto-oxidation products or other contaminants, Therefore, the
method may have applications in the isolation and identification of naturally occurring lubricity
agents and in studies of fuel thermal stability.

d. Finalized Test Method

The instrumentation described in Section II was used for all QPL CI evaluations with the
exception of the aubstitution of the 50-uL sample loop for that of a 20-uL sample loop on the
Rheodyne injector valve. The instrumental conditions used in the final method are given here:

A cyanopropyl bonded phace column (Browniee Lahs), 5 micron particle size,
22 ¢cm X 4.6 am with 3 cin cyanopropyl guard colimn, coupled to a Particil 10 SCX column, 25
cm X 4.6 mm (Whatman, Clifton, NJ) were used for the separations. It should be noted that the
irternal dinmeter of the column connecting tube will affect vhe CI peak shape as shown in
Figure 14. Considerable peak broadening can occur when the tubing is increased from 0.007
inches to 0.01 inches.
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87-POSE-2605 DCI-4A 32.7 ppm
Dimer 9.2 ppm
Monomsr 24.4 ppm 8.619
9.477
10.529
a.857
9.516
10.6256
I
I VRN OO O N N IV OO IO Y N N T G O O OO A Y|
Chart Speed 0.9 cm/min Chart Speed 0.9 cm/min
Atten: 32 Zero: 10% 1 min/tick Atten: 32 Zuro: 10% 1 minftick
FDA 346193
Figure 18, —  Effect of Storage on CI Concentration: Stored 87 POSF-2606 Sample

Versus New Blend

The mobile phase consisted of 90 percent methanol and 10 percent buffer (pH 5.5,
0.02 M KH, PO, /NaOH). The buffer solution was prepared by diluting 50 mL of 0.1 M KH, PO,
and 2.5 mL of 0.1 M NaOH to 250 mL, with HPLC grade water. The column heater was set to
30°C (86°F) to eliminate the effect of temperature fluctuations ou the chromatographic
separation. We found that a 1°C column temperature change altered peak retention times. A
temperature of 30°C (86°F) was sufficient to overcome this problem and yet not damage the
column packing. In addition, baseline fluctuations and system reequilibration time were reduced
with column temperature control.

The standards and samples were eyringe injected directly into the HPLC system via the
20-puL sample loop., A 500-pl, smooth bore gluss and Teflon syringe was best for this purpose.
The sample loop was first washed with a 500-uL aliquot of sample from the syringe. The second
500-puL aliquot was the analysis sample. This assured complete sample loop filling and that
sample loss and cross contamination was minimized. Between samples, the syringe plunger was
removead and the syringe was thoroughly cleaned with isopropyl alcohol and acetone, It was then
dried with clean nitrogen.

During a chromatographic analysis, the additives eluted first, ahead of the fuel matrix,
After the CI products and the bulk of the fuel had eluted, it was necessary to remove the rest of
the fuel sample from the column prior to the next analysis. T'o accomplish this, a programmed
wagh cycle using the ternary reservoir capability of the chromatograph was used. Table 4 shows
time, reservoir, percent, and flow rate in mL/minute. Reservoirs A, B and C contained
isopropanol, methanol/buffer solution, and HPLC grade water, respectively. Analysis time,
including wash and reequilibraticn of the columns, was 35 minutes.




a. Tubing ID: 0.01 inch b. Tubing 10: 0.007 inch
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Chart Speed 0.9 cm/min Chart Speed 0.8 cm/min ]
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|
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i
) FDA 348194
) Figure 14, —  Effect of Connecting Tubing 1.D. on Peak Broadening 1
J ]
TABLE 4. =
COLUMN WASH GRADIENT PROGRAM e
\ Reservoir o
Time %A % %C Flow
i 0.00 90 100 0 0.76
8.00 0 100 0 0.75 .
| 8.50 0 0 100 1.0
' 9.00 50 0 B0
| .60 50 0 oo
y 1000 100 0 0 |
16.00 100 0 0
r 16.60 0 0 100
! 17.00 0 0 100
. 17.50 0 50 50
18.00 0 100 0 .
28.00 0 100 0 1.0 |
] 28.50 0 100 0 0.76
' 35.00 0 0w o 0.75

W1

Prier to shutting the system down, pure water was pumped through the columns for at least

five minutes at 0.76 mL/minute followed by 20 minutes of isopropanol at 0.75 mL/minute. This

» removed all buffer salts and preserved the system and columns against bacterial growth and
, corrosion.
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e. Applicsbility to QPL-25017-15

Standards were prepared and analyzed at four different concentrations for each QPL CI.
These results wers subjected to linear regression analyses. Appendix F contains the calibration
chromatograms for the 15 approved CI. With the exception of Lubrizol 541, Tolad 245, and Tolad
249 the principal ingredient seems to be dimer acids. Lubrizol 541 appears to contain mainly
monomer acid types. Tolad 249 appears to contain a relatively high percentage of trimer acids at
4 rotention time of 4.89 minutes. Tolad 245 peak shape and retention times do not correspond to
trimer, dimer or monomer acids, This is because the active ingredients are not acids, but
“acylated glycols and alkanolamines.” It is interesting to note that the method is applicable to
these compounds as well. Figures F-16 and F-17 of Appendix F show chromatograms of the CT
JP-4 base fuel and of trimer linoleic, dimer linioleic, and monomer linoleic acids, respectively.
Comparison of these retention times with those obtained for the varions CI additives is helpful in
their uncerstanding.

Table 5 contains the SEE, correlation coefficient, and y-intercept for each Cl. The worsi
correlation coefficient was that of IPC 4410 with a 0.993. The best was Tolad 245 at 1.00.
SEE varied from a high of 2.0 ppm for IPC 4410 to a low of 0.12 ppm for Tolad 248.

TABLE 5.

LINEAR REGRESSION STATISTICS FOR CI CALIBRATION STANDARDS
_Cl_Product Name Correlation Coefficient SEE Y-Axis Intercept
DCI-4A 0.997 1.17 -2.0
DCI-6A 0.995 1.87 -1.4
HITEC 580 0.999 0.81 -19
IPC 4410 0.993 2.00 4.5
IPC 4445 0.999 0.24 ~1.3
LUBRIZOL 541 0.998 0.98 -1.9
MOBILAD F8(00 0999 0.64 0.1
NALCO 5403 0.994 1.68 -3.4
NALCO 5405 0.994 1.27 5.4
PCI 106 0.999 0.74 ~1.1
PRI 19 0.997 1.08 ~1.8
TOLAD 24¢ 1.000 0.12 ~b.b
TOLAD 249 0.997 1.47 0.7
UNICOR J 0.998 1.06 -2.5
WELCHFM 91120 0.999 0.87 -2.7

izt

Extreme care and good analytical technique were required when making up Ci stancards.
The stock standard was prepared by weighing the additive concentrate to four decimal places in a
ciean Teflon bottle then volumetrically diluted with clay treated or additive free fuel. Serial
dilutions inte appropriate volumetrically pipetted quantities of fuel diluent, in Teflon, were then
made. The pipets used were thoroughly cleaned and then rinsed several times with stock
standard prior to making the working standards. It was found that failure to follow thie
procedure would yie'd either erroneously high results for unknowns if a single point external
standard calibration was made, or a low correlation coefficient and SER if a calibration linc was
ugerl,

Thhe type fuei used as diluent did not appear to matter. Good results were obtained using CT
JP-4 standards to analyze P-b and JP-8X type fuels. However, until more experience is gained,
the use of :lay treated fuels of the type to be analyzed for standards preparation is recommended.
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f. Chromatograms

Upon first inspection, the chromatograms in Appendix F appear t6 have unique
fingerprints by which each additive might be identified. Close examination, however, reveals that
many have essentiially the same fingerprints, especially at lower concentration levels. Further,
the spectro will probably be altered after tha effects of storage and transport have acted upon the
Cl/fuel blend. The dramatic effect of CI depletion can be seen in Figure 13, which ccmpares the
chromatogram of & DCI-4A fuel blend subjected to short term storage to that of a freshly blended
sample.

The use of a single compound such as dilinoleic acid to quantify these additives does not
appear to be possible. The UV detector responses to different Cl at the same concentration do
not correlate well when calibrating on the DLA peak alone. There are a number of possible
explanations for this lack of correlation:

« Differences in percent active ingredient between CI.

* Variability due to different isomeric forms of dimer linoleic
acid. Fmery Chemical Co. indicated that thev could not verify
the molecular structure of their 97 percent pure dilinoleic acid
used in this study. The dimer linkage can, apparently, be very
complex.

¢ Dimer acids, other than linoleic, could be used as active
ingredients in CI. These dimer acids, differing in carbon
number or placement of the double bonds could have similar
chromatographic retention times, but produce different UV
detector responses.

It is, therefore, necessary to know what additive was blended into a fuel in order to obtain
the best analytical results. This would limit the accuracy of determinations made on co-mingled
bulk storage tanks where several different CI may be present. However for quality assurance
testing conducted by suppliers (i.e., refiners) and users (e.g., Air Force bases), this is not
considered a severe limitation since, in most cases, the type of CI added to a fuel is known by the
user.
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In general, fuel type has little effect on CI performavce.

Temperature appears to have a significant effect on fuel
lubricity. Under standard operating conditicns, however,

assessmens of these effects are beyond the current capabili-
ties of the BOCLE.

CI have unique performance profiles in terms of the concen-
trations required to achieve acceptable lubricity and the

maximum lubricity improvement attainable at maximum
allowabls concentrations.

Effective CI concentrations for lubricity improvement ranjpe
from 6.6 to greater than 22.8 g/m’ .

Marimum effective CI concentrations, at which no further
reduction in WSD is realized, range from 9 to 31.5 g/m® .

Only six of the CI evaluated exhibit acceptable lubricity
iraprovement at the ‘minimum effective concentration’ levels
defined by QPL-25017-15.
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A SECTION IV
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()

f,‘ CONCLUSIONS AND RECOMMENDATIONS

i

N The technical effort performed under *his program fulfilled the need to reevaluate Cl in
(:“ torms of lubricity cnhancement and refine the RPHPLC method for determining CI content in
8|

i jet fuels, It also produced functional references, working curves and spectral fingerprints, to
. assist in predicting and circumver ting potential lubricity related fuel system problems. The work
*:ﬁ resulted in the following accomplishments:

';; . » Establishment of the concentration required for each QPL CI

A to provide minimum lubricity improvement based on a

;: 0.60 mm WSD.

Ql

‘»: » Generation of polynominal curve fits profiling CI efficiency in

'{' jet fuels,

I
n-‘\' o Comparison of maximum lubricity impruvement attainsble

:.; for each CI at maximum allowable concentration.

A
,“;!‘ s Approach for incorpozating a lubricity requirement into
[ MIL-1-25017,

)

;l * Refinrement of the RPHPLC method and determination of ity

. applicability to QPL CI.

K

t‘-: e Generation of an RPHPLC spectral library of QPL CI.

L%

v
_'ﬂ. 1. CORROSION INHIBITOR EVALUATIONS

"

i,

) Conclusions drawn from lubricity evsluations of the CI approved undsr MIL-I-26017D
o included the following:

)
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« (I fall into three distinctive performence groups in relation to
total reductior in WSD achieved at maximum allowable
concentration and cnncentration required to achieve a

0.60 mm WSD.

« [PC-4410 was found to be the most effective CI at impraving
the lubricity properties of jet fusls, while Tolad 249 was found
to he the least effective.

Recommendations for further study include the selection of a spscific reference fluid for the
purpose of approving CI for the QPL. It is also recommended that future work evaluate the
currently approved CI in the selected raference fluid at a 1000-g applied ‘oad in accordance with
the latest CRC revision of the BOCLE test. yrocedure, It is proposed that performance profiles be
generated over a range of nine concentrations and the relative effective concentration be
established. A correlation between previous work conducted at 500-g load and that performed at
the 1000-g load should be presented.

2. PROPOSED MIL-1-25017 LUBRICITY REQUIREMENT

A thorough review of MIL-L-256017, current Air Force quality assurance requirements, and
fleet support needs resulted in the following conclusions:

o A lubricity requirement can be easily incorporated into
MIL-1-26017 with minimal changes to the current specifica-
tion and no significant effect on other criteria used in
qualifying candidate CI.

¢ Inclusion: of the lubricity requirement cun be most readily
accomplished by radefining REC while leaving the require-
ments for MEC and MAC unchanged.

» The effact of redefining REC is that MEC would be increased
for all but two of the currently approved Cl.

¢ Three CI (Tolad 249, Lubrizol 541, and Nuchem PCI 105)
would be disqualified based on the proposed MIL-1-26107
revigion. A fourth CI, Tolad 245, exhibited marginal perfor-
mance and should be closely scrutinized before requalifying.

3. REFINEMENT OF RPHPLC METHOD

The RPHPLC analytical method has been refined and can quantitatively determine all 15
appro ¢4 CI in jet fuels. The method requires no sample pretreatment, allowing direct injection
of the fuel to be analyzed. The method has been shown to provide good precision and accuracy.
Readily available, moderate cost instrumentation is used. Expert data interpretation is not
required and the method can be automated if dusired. Additionslly, the method may be used in
quality control for detecting changes in CI concentrations due to losses during transportation
and storaye. Identification of an unknown CI based on its chromatogram alone, is currently not
within scope of this method due to many CJ exhibiting essentially the same spsectral fingerprint.
This is not considered a severe limitation since, in most cases, the specific CI added to a fuel is
known by the user.

it is recommended that the RPHPLC test method for CI be evaluated in a second
laboratory. This would allow for procedural “loop holes” to be closed, if found. After this, a
round-robin evaluation of the method should be conducted prior to its general use.
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TYPICAL PROPERTIES

APPENDIX A
ISOPAR M PROPERTY DATA SHEET

The values shown here are representative of current production. Some are controlled by

manufacturing specifications, while others are not. All of them may vary within modest ranges,

8ulvency

Auiline pomt, C{(F) 89 (192)
Solubllity parameter 13
Kauri-butanol value 21
Volatiilty

Flush point, PM, C (F) B0 (176)
Fira point, COC, C (F) 03 (200)
Auto-ignition tamperature, C () 338 (840)

Flainmability limits in ait, vol% at 21C 0.8-6.8
(70F)
Distillation, C (F)

1Bp 207 (408)
B% 212 (412)
10% 214 (415)
A% 207 (4734)
Lk 241 (468}
HHM 247 (476)
Dry pedist 284 (400)
Lty 260 (500)
Vagur pressure, ki-a at 38C 4.1
Vapor pressure, peia st 100F [PX:]
Compaosition
Hydrocarbon type, mas %
‘Total aaturates 00.6
Arvnintlon 04
T'race compounds
Sullur
Daclor test pase
‘Total suifur, ppn 1
Peroxidea, ppm <1

Genural Properties

Average molvcular welght 1Pt
Bromine index (1) 230
Copper _oee,, 1/2 he

at BO 2
Unsulfonated renidue,

vol% 00+
UV abscrbance
260019 m <18

(1} Bronine indea » Brumine number X 1000

Test Method
ASTM Dol

Caleuluted
AS'T™M D1133

ASTM Db
ASTM Di2

ASTM Dise
Cal.ulated

AS'TM Dgs

ASTM D2551

Mass spectrometer
UV Analysis

AS'I'M DAg4
Microcoulometer
Kxxon Methmd

Cryogenie

ASTM D2710
ASTM Dido
AFI'M 1483

FDA Method
21 CVR 172.882

Qeneral Properties (cont.)

320-320m

330-350m

Color, Baybolt

Culor stability, 18 he al 100C (212F)

Gravily, APl

8pecific gravity ¢ 16.6/16.6C
kg/md

To/gal

Relractive Index, 20C

Yiscoaity

op at 26C

¢p at 100C

¢St at 0C

o8t at 20C

Odor, bulk

Odor, residual

Odor slability
Froezing point, C (F) <-80
(<-70)

8pecitic heal, liquid,
kd/kg/C (Blu/ib/F)
At 16C (B0F)

at GBC (160F)

al DAC {200F)

Heat of vaporization,
kd/kg (Blu/ib)

at 1L (212F)

at BP

Surtace Properties
Demulaibility
Inlerfncial tension,
dynes/em at 28C
Surfave tension
dynes/em st 26C

Tuxicolugical Data
Inhalation, TLY(2)} ppm
Acute Oral LDG6O (Rat), g/kg
Acute Dormal 1.D50 (Rabbit),
Wk

<008
<0.08
+30
+30

4.
0784
T84
6,50
1.4362

248

0.72

€.80

3.38

very alight
nohe
excellant

206 (0.49)
2.20 (0.84)
2% (067}

307 (139
24 (106)
excellont

51.0
4.8
300(2)
> 10

>3l

Test Method

ASTM Dis6

ASTM D287
Jalculated

Calculated
ASTM DI218

ASTM DA4B

Exnon Method
Bxxon Methwd g
Fixaon Method -

Calculated frein
anihalpy data

Est, from Maxwell's
"Duta Buok of
Hydeocatbons" and
report of API
Project 44 (198)
Exson Method

ASTM D971

du Nuuy

(4 TLV in & registered trademark of tha Amerfcan Conference of Guvernmantal Induntrial Hygienists, It is the threshold limit value or veeupational exposire
iltait-the time weighted nvarage concentration for a normal 8-liour workday, 40-hour workweek, to which nesrly all workers may be expused repentedly
without adverse effect. Refer to the most recent Material Safely Data Bheet fur the lalest recommended maximum exposure lmit.

(1) A TLV hos not been estublished for this product, The value shown has been recommendod by Fxxon Curporation Medical Ressarch based on consicler-
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Qualifications Certified QPL-26017-15

fanuary 1987 APPENDIX B Superceeding
QUALIFIEC PRODUCTS LIST QPL-25017-14
OF 11 April 1984
PRODUCTS QUALIFIED UNDER MILITARY SPECIFICATION FSC €850
MIL-1-25017

This list has been prepared for use by or for the Government in the acquisition of products
N covered by the subject specification end such listing of a product is not intended to and does not
connote endorsement of the product by the Department of Defense. All products listed herein
have been qualified under the requirements for the product as specified in the latest effective
> issue uf the applicable specification. This list is subject to change without notice; revision or
amendment of thia list will be issued as necessary. The listing of a product does not release the

supplier from compliance with the specification requirements.

The activity responsible for this qualified products list is the Air Force, ASD/ENES,
Wright-Patterson AFB OH 45433-6603.

The qualified products are listed in the QPL in two categories.

Jategory 1 additives are approved for use in fuels conforming to VV-F-800, VV-G-1680,
MIL-(3-3056, MIL-T-5624, MIL-C-7024, MIL-T-25524, MIL-F-26658, and MIL-T-83183,

Category 2 additivas are approved for use in fuels conforming to MIL-T-5624, MIL-C-7024,
MIL-F-25558, and MIL-T-83134.

The QPL lists the Government designation, which is also the additive identification, the
approving office and date of the letter of approval, the manufactures’s name and address, and
additive specifications,

Test or
Govgmmgnt Manufacturer's Qualification Manufacturer’s
Designation Desi.gnatio_n__ Reference Name And Address
Category 1
PRI-19
Relative effective conc 6 AFWAL/POSF Ltr, Apollo Technologies
(8/m) 8 Apr 85 International Corp.
Minimum effective conc 9 130 Speedwell Ave
‘ (2/m) Morris Plains NJ 07950
| Maximum allowable conc 22.5
] (g/m) Plant;
| Density at 15°C (kg/ ) 0.88-0.92 ¢/o
‘ Visconsity (centistokes 80-120 Kramer Chemical Inc,
| at 37.§'C) Atlantic Ave and
Flaghpoxqt' 60 Delaware River
. (0°C, lplnlmum) Camden NJ 08104
Neutralization number 100-120
Ash content 0.10
(%, maximum)
Pour point -18
(°C, maximum)
B-1
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Government

Test or

Manufacturer’s Qualification Manufacturer’s
Designation Designation Reference Name And Address
DCI-4A
Relative effective conc 6 AFWAL/POSF Ltr, FE.I duPont deNemours
(g/m) 156 Aug 83 and Company
Minimum effective conc 9 C&P Dept
(g,m) Specialty Chemicals Div
M;/ximum allowsble conc 22.5 Wilmingotu DE 19898
(g/m)
Density at 15°C (kg/L) 0.93-0.95
Viscosity (centistokes 48-68
at 37.8°C)
Flashpoint (°C, minimum) 27
Neutralization number 100-124
Ash content 0.10
(%, maximum)
Pour point -18
(*C, maximum)
DCI-6A
Relative effective conc 6 AFWAL/POSF Litr,
(g/m) 156 Aug 83
Minimum effectiva conc 9
(g/m)
Maximum allowable conc 22.5
(g/m)
Density at 15°C (kg/L) 0.93-0.95
Viscesity (centistokes 40-60
at 37.8°C)
Flashpoint (*C, minimum) 27
Neutralization number 120-150
Ash content C.10
(%, maximum)
Pour point -18
{‘C, maximum)
¥
’l
.i
")
]
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Test or

Government Manufacturer’s Qualification Manufacturer's
Designation Designation Reference Name Aind Address
HITEC 580
Relative effoctive cone 6 AFWAL/POSF Ltr, Ethyl Petroleum
(g/m) 15 Aug 83 Additives Division
Minimum effeciive conc 9 20 8. Mourth Street
(g/m) St Louis MO 63102-1886
Maximum allowable conc 22.5
(g/m) Plant:
Density at 15°C (kg/L) 0.61-0.94 Route 3
Viecosity (centistokes 120-160 Saugent IL 62201
at 37.8°C)
Flashpoint (*C, minimum) 66
Neutralization number 80-100
Ash content 0.10
(%, maximurm)
Pour point -18
(*C, maximum)
LUBRIZOL 541
Relatlve effective conc 6 AFWAL/POSF Ltr, Lubrizol Corporation
(g/m) 22 Mar 84 PO Box 428
Minimum effective cono 9 Painaville OH 44077
(g/m)
Maxirmum allowable cunc 15
(g/m)
Density at 15°C {(kg/L;} 0.94-0.97
Viscosity (centistokes 34-48
at 37.8°C)
Flashpoint (*C, minimum) 14
Neutralization number 1562-172
Ash content 0.10
(%, maximum)
Pour point -18

(°C, maximum)

" This additive is approved for use in MIL-G-bb72 fuel, also.
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Test or

Government Manufacturer’s Qualification Manufacturer’s
Designation Designation Reference Name And Address
NALCO 5403
Relative effective conc € AFWAL/POSF Ltr, Nalco Chemical Company
Wim) 156 Aug 83 77011 Highway 90A
Minimum effoctive conc 9 Sugar Land TX 77478
(/m)
Maximum allowable conc 225
(g/m)
Density at 16°C (kg/L) 0.92-0.94
Viscosity (centistokes 256-50
at 37.8°C)
Flashpoint (*C, minimum) 38
Neutralization number 70-100
Ash content 0.10
(%, maximum)
Pour point -18
*C, maximum)
TOLAD 245
Relative cffactive conc 16 AFWAL/POSF Ltr,  Petrolite Corporation
(g/m) 156 Aug 83 369 Marshall Ave
Minimum effective conc 22,6 8t Louis M0 63118
(g/m)
Maximum allowable conc 315 Plant:
(g/m) 369 Marshall Ave
‘1 Density at 15°C (kg/L) 0.94-0.96 St Louis MO 63119
: Viscosity (centistokes 7-14
- at 37.8°C)
Flashpoint (°C, minimum) 32
» Neutralization numbar 60-62
E Ash content 0.10
(%, maximum)
Pour point -18
i (*C, maximum)
I
\
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Government
Designation

UNICGR J

Relative effective conc

, (gm)
- Minimum effective conc
| (g/m)

Maximum allowable conc
(g/m)

Density at 15°C (kg/L)
Viscosity (centistokes

at 37.8°C)
Flashpoint (°C, minimum)
Neutralization number
Ash content

(%. maximum)

Pour point

(‘C, maximum)

IPC 4410

Relative offective conc
(8/m)
Minimum effective conc
(g/m)
Maximum allowable conc
(g/m)
Density at 15°C (kg/L)
Viscosity (centistokes
at 37.8°C)
Flashpoint (°C, minimum)
Neutralization number
Ash content
(%, maximum)
, Pour point
(*C, maximum)

e T TR R AT T RS e T A T TS

CUYIS

Manufacturer’s
_ Designation

6
9
22,5

0.93-0.94
66-86

62
110-126
0.10

-18

6
9
226

0.94 0.36
220-27C

60
1301565
0.10

-18

Test or
Qualification
Reference

AFWAL/POSF Litr,

156 Aug 83

Category 2

AFWAL/POSF Litr,
15 Aug 83

Manufacturer's
Name And Address

UOP, Inc.

Box 5017

20 Algonquin Road

Des Plaines IL 60017-5017
and

Universal-Matthey
Products (France) S.A.
Rue D'epinal

Caluis 62100 France

ChemLink, Incorporated
16950 Wallisville Rd
Houston TX 77049



wla

Government
Designation

IPC 4445

Relative effective conc
(g/m)

Minimum effective conc
(g/m)
Maximum allowable conc
(g/m)

Density at 16°C (kg/L)
Viscosity (centistokes

at 37.8°C)
Flashpoint (*C, minimum)
Neutralization number
Ash content

(%, maximum)
Pour point

(*C, maximum)

MOBILAD F800
Relative effective conc

(g/m)

Minimum effective conc
(§/m)

Maximum allowable conc
(g/m)

Density ul 18°C (kg/L)

- Viscosity (centistokes

at 37.8°C)

Kashpoint (°C, minimum)
Neutralization number
Ash content

(%, maximum)

Pour point

("C, maximum)

Manufacturer’s

Designation

6
9
22.6

0.91-0.93
10-40

60
80-100
0.10

-18

6
9
2.6

0.84-0.88
23-86

38
80-100
0.10

-43

Test or
Qualification
Reference

Manufacturer’s
Name And Address

AFWAL/POSF Litr,
1 Dec 82

AFWAL/POSF Lir,
16 Aug 83

Mobil Chemical Company
Chemical Products Div
PO Box 250

Edison NJ 08818




Test or

Government Manufacturer's Qualification Manufacturer’s
Designation __Designation Reference Name And Address
NALCO 6406
Relative effective conc 6 AFWAL/POSF Ltr, Nalco Chemical Company
(g/m) 16 Aug 83 7701 Highway S0A
Minimum effective conc 9 Sugar Land TX 77478
(8/m)
Maximum allowable conc 22.5
(g/m)
Density at 16°C (kg/L) 0.81-0.96
Viscosity {centistokes 40-70
at 37.8°C)
Flashpoint (*C, minimum) 60
Neutralization number 116-145
Ash content 0.10
(%, maximum)
Pour point -29
{*C, maximum)
NUCHEM PCI-105
Relative effective conc 12 AFWAL/POSF Ltr, NuChbera Corp
(g/m) 12 Sep 86 Maple Lane
Minimum effective conc 18 PO Box U
(#/m) Blairstown NJ 07828
Maximum allowable conc 18
(g/m)
Density at 15°C (kg/L) 0.89-0.83
Viscosity (centistokes 100-150
at 37.8°C)
Flashpoint (*C, minimum) 60
Neutralization number 95-120
Ash content 0.10
(%, maximum)
Pour point -18
(*C, wmaximum)
B-7
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Government
Designation

TOLAD 249

Relative effective conc
(g/m)

Minimum effective conc
(g/m)

Maxiinum allowable conc
(8/m)

Density at 15°C (kg/L)
Viscosity (centistokes

at 37.8°C)

Flashpoint (*C, minimum)
Neutralization number
Ash content

(%, maximum)

Pour point

{*C, maximum)

WELCHEM 91120

Relative effective conc
(g/m)

Minimum effective conc
(g/m)

Maximum allowable conc
(g/m)

Density at 15°C (kg/L)
Viscosity (contistokes

at 37.8°C)

Flaghpeint (°C, minimum)
Nevtralization numter
Ash contunt

{%, maximum)

Pour peint

(*C, maximum)

[LOTTN

Test or
Manufacturer's Qualification Manufacturer’s
Designation _ Reference Name And Address

6 APWAL/POSF Lir, Petrolite Corporation
15 Aug 83 Industrial chemicals Group
9 369 Marshall Ave
St Louis MO 63119
22.6

0.89-0)93
7-25
8h.120
0.10

29

8 Welchem, Inec.
11200 Bay Area Blvd
9 Houston TX 77507

22,6

0.93-0.96 -
50-70 3

65
90-110 »
0.10

0°C

s

B-§




APPENDIX C
LUBRICITY TEST DATA
LIST OF TABLES .

4 Table Title Page

C-1 Effect of Corrosion Inhibitors in ISOPAR M C-1 # "
C-2 Effect of Corrosion Irhibitors in Clay Treated JP-4 C-2 :
C-3 Effect of Corrosion inhibitors in Clay Treated JP-8 C-3 \
C-4 Effect of Corrosion Inhibitors in Clay Treated JP-5 C-4 v
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APPENDIX D
PERFORMANCE PLOTS

LIST OF ILLUSTRATIONS

Figure Page
\ D-1 Effect of Apollo PRI-19 in ISOPAR-M .. ....cciiiiiviiiiiiiniiniienennn, D-3
D-2 Effect of HITEC E-580 in ISOPAR-M ......c..oviiiiviniiiiiicinininninn, D-4
D-3 Effect of DCI-4A in ISOPAR-M .....ccoivviiiiiiiiiiiiiiiiinirceneiece e D.5
i D-4 Effect of DCI-6A in ISOPAR-M .....iviiiviiiiiiiiiieninieniciieniininisinnn D-6
;‘f), D-5 Effect of LUBRIZOJ, 541 in ISOPAR-M .........ccociiiiiiiininnininninn, D-7
Ky D-6 Effect of NALCO 5403 in ISOPAR-M . ...ccciiiiiiiiiiirinciinicininnn D-8
) D-7 Effect of TOLAD 245 in ISOPAR-M ......ccoocooniniiniininnennieiionnonns D-9
¥ D-8 Effect of UNICOR-J in ISOPAR-M ......c.cciiiiiiiiiiinrineien D-10
D-9 Effect of IPC-4410 in ISOPAR-M .......cccoiiiiiiiiiiinnn i, D-11
D-10 Effect of MOBILAD F-800 in ISOPAR-M .........ccoivimiinnnininceninnnnn, D-12 s
D-11 Effect of NALCO 5406 in ISOPAR-M . ..cccoviiiviinniiiiiiinininnnn D-13 '
D-12 Effect of TOLAD 249 in ISOPAR-M ......cccciiiiniiininns treveree et eetetrens D-14
D-13 Effect of P-33056 in ISOPAR-M ....c.iviiiiviniiiiininioniniinen, D-15
D-14 Effect of IPC-4445 in ISOPAR-M .. ..ciiviiiiiiiiiiiiiinicnrnniniesinn D-16
D-16 Effect of WELCHEM 91120 in ISOPAR-M .......ccoiiiiiiiiiiiiiiiiiinenn, D-17
D-16 Effect of NUCHEM PCI-105 in ISOPAR-M ....cooiiiiiiininiiiiiicinenn, D-18
D-17 Effect of Apollo PRI-19 in Clay Treated JP-4 .......cccovviniiiiininininnn D-19
D-18 Effect of HITEC E-680 in Clay "'reated JP-4 ..........ccoocveunviiiinninnne D-20
D-19 Effect of DCI-4A in Clay Treated JP-4 .....c.coovvviiiiviiinrnininiiinnnennn, D-21
D-20 Effect of DCI-6A in Clay Treated JP-4 .......c.cociviviiivieninininiiiienn, D-22
D-21 Effect of LUBRIZOL 541 in Clay Treated JP-4 ... .covviiiiiininininiinnnia D-23
D-22 Effect of NALCO 5405 in Clay Treated dP-4 .........cccccviviiiniiiininnnn D-24
D-23 Effect of TOLAD 245 in Clay Treated JP-4 ........cccivviiiiiiininiiinininnn, D-25
D-24 Effect of UNICOR-J in Clay Treated JP-4 ........c.oivivieiiviiininiininnne. D-26
D-25 Effect of IPC-4410 in Clay Treated JP-4 ...........ccoiviiiiiiiiiinniiin D-27
D-26 Effect of MOBILAD F-800 in Clay Treated JP-4 ..........ocovvviiiiininnen, D-28
D-27 Effect of NALCO-5405 in Clay Treated JP-4 ........cccovvvveiiiiiiinnininen. D-29
D-28 Effect of TOLAD 249 in Clay Treated JP-4 .........ccoveiiniiiiiiiiiinninann, D-30
D-29 Effect of P-3305 in Clay Treated JP-4 .....ccocovvivviiiiiiiiiiiiiiiicininin D-31
D-30 Effect of IPC-4445 in Clay Treated JP-4 .......cooiiiiiiiiiiiniiinini i D-32
D-31 Effect of WELLCHEM 91120 in Clay Treated JP-4 .............cocvevninnn. D-33
D-32 Effect of NUCHEM PCI-105 in Clay Treated JP-4 ...........cocvvviennnnns D-34
D-33 Effect of Apollo PRI-19 in Clay Treated JP-8 ............cocvvviiiiiiiinnnne D-36
D-34 Effect of HITEC E-580 in Clay Treated JP-8 ........ceovvveviviiivrininenns D-36
D-35 BEffect of DCI-4A in Clay Treated JP-8 .....cocoviiiviiiiiiviiiiiiiniiinenen, D-37
D-36 Effect of DCI-6A in Clay Treated JP-8 ........coviviiviiiiiiniiiniiniiiniinn. D-38
D-37 Effect of LUBRIZOL 6541 in Clay Treated JP-8 ........c.ooviiiviviiinnnnne D-39
D-38 Effect of NALCO 5403 in Clay Treated JP-8 .......ccccoiiviiivnivneiinnnnns D-40
D-39 Effect of TOLAD 245 in Clay Treated JP-8 ..ovviiiiiiiviiiniiniiiiiiiniinnns D-41
D-40 Effect of UNICOR-J in Clay Treated JP-8 ...........cceeiviiiiiriieiinnnnns D-42
D-41 Effect of IPC 4410 in Clay Treated JP-8 ......ccoovvviiiiiiiiniiniiniiiennn, D-43
D-42 Effect of MOBILAD F-800 in Clay Treated JP-8 ........c.ccovvivriininenn. D-44
D-43 Effect of NALCO 5406 in Clay Treated JP-8 ........cccoevivviiiiiiininninn, D-46
D-44 Effect of TOLAD 249 in Clay Treated JP-8 ....ccooviviiiiiiniiiiiininninn, D-46
D-456 Effect of P-33056 in Clay Treated JP-8 ......cocovviiiiiiiiiiiiiiiiiieinenne. D-47
D-46 Effect of IPR-4446 in Clay Treated dP-8 .............cciviviiviiiiiviiniiinnn D-48
D-47 Effect of WELCHEM 91120 in Clay Treated JP-8 ...............c..cc...... D-49
D-1
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D-48
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D-62
D-53
D-54
D-66
D-66
D-67

D-569
D-60
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D-62
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D-64

LIST OF ILLUSTRATIONS (Continued)

Effect of NUCHEM PCI-105 in Clay Treated JP-8

Effect of Apollo PRI-19 in Clay Treated JP-6 ......
Effect of HITEC E-580 in Clay Treated JP-6 ......
Effect of DCI-4A in Clay Treated JP-5 ...............
Effect of DCI-6A in Clay Treated JP-6 ...............
Effect of LUBRIZOL 541 in Clay Treated JP-5 ....
Eifect of NALCO 5403 in Clay Treated JP-5 .......
Effect of TOLAD 245 in Clay Treated JP-5 .........
Effect of UNICOR-J in Clay Treated JP-5 ..........
Effect of IPC-4410 in Clay Treated JP-5 .............
Effect of MOBILAD F-800 in Clay Treated JP-5 ..
Effect of NALCO 5405 in Clay Treated JP-b .......
Effect of TOLAD 249 in Clay Treated JP-5 .........
Effect of P-3305 in Clay Treated JP-5 ................
Effect of IPC-4445 in Clay Treated JP-6 .............

Effect of WELCHEM 91120 in Clay Treated JP-5
Effect of NUCHEM PCI-105 in Clay Treated JP-5
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6 g/m?)

- 12ppm (9 g/m)

8 ppm

Concentration Requirements Per QPL-25017-15
Maximum Allowable - 30 ppm (225 g/m’)

Refative Effective

Minimum Effective

Relative Effective at 0.60 mm WSD is 19 ppm (14.4 g/m)
Second Order Polynomial Curve Fit

Standard Emor of the Estimate

Correlation Coefficient

e o — — — i — — — — — —— ——— —— —
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10

Concentration - g/m’

FDA 346116

Effect of IPC-4445 in ISOPAR-M

Figure D-14.
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12 ppm (8 g/m’)
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PRIF19 Concentration - ppm
10
Concentration - g/m®
Effect of Apolic PRI-19 in Clay Treated JP-4

Relative Effective at 0.60 mm WSD is 19 ppm (14.4 g/m)
Second Order Polynomial Curve Fit
Standard Error of the Estimate =

Correlation Coefhcient

S TS
Concentration Requirements Per QPL-25017-15

Reiative Effective
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Diametsr - mm

D-41
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Concentration - g/m

FDA 346741

Effect of TOLAD 245 in Clay Treated JP-8

Figure D-39.




6 g/m)
© g/m)

Concentration Requirements Per QPL-25017-15
Maximum Allowable - 28 ppm (22.5 g/m)

Relative Effective
Minimurm Effective

7 ppm
- 11 ppm

Relative Effective at 0.60 mm WSD is 11 ppm (8.9 g/m)
Third Order Potynomial Curve Fit

Standard Error of tha Estimate = 0.0096

Corretatior: Ceefficient

= 0.996
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Wear Scar
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FDA 346142

Effect of UNICOR-J in Clay Treated JP-8

Figure D-40.
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(6 g/m)
|
15
Concentration - g/m’

- 11 ppm (9 g/m)
Maximum Alowable - 28 ppm (22.5 g/m)

0.011
0.996

-W‘n

- 7 ppm

Relative Effective at 0:60 mm WSD is 12 ppm (9.7 g/m)
Effect of MOBILAD F-800 in Clay Treated JP-8

Concentration Requirements Per QPL-25017-15
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(6 g/m)
9 o/m)
Maximum Allowable - 28 ppm (22.5 g/m’)

= 0.972

7 ppm

Minimum Effective - 11 ppm

Relative Effective at 0.60 mm WSD is 16 ppm (13 g/m)
15
Concentration
Concentration - g/m’
Effect of Apollo PRI-19 in Clay Treated JP-8

Second Order Polynomial Curve Fit

Concentration Requirements Per QPL-25017-15

Standard Emor of the Estimate = 0.022
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(3

i ppm (9 g/m)

Concentration Requirements Per QPL-25017-15
- 7
Maximumn Allowable - 28 ppm (22.5 g/m)
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(12 g/m%
(18 g/m)
(18 g/m

= 0.99

- 15 ppm
- 22 ppm

Maximum Allowable - 22 ppm

Relative Effective at 0.60 mm WSD is 17 ppm (13.8 g/r)

Third Order Polynomial Curve Fit

Concentration Requirements Per QPL-28017-15

Standard Error of the Estimate = 0.012
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MIL-1-25017D

: 27 May 1981
] Superseding
MIL-1-268017C

APPENDIX E 8 March 1971

INHIBITOR, CORROSION/LUBRICITY IMPROVER, FUEL SOLUBLE (METRIC)

, This specification is approved for use by all
v Departments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This apecification covers one type of fuel soluble corrosion inhibitor/lubricity
improver additive for use in aviation turbine fuel, motor gasoline, diesel fuel, and related

petroleum products.
2. APPLICABLE DOCUMENTS
2.1 lssues of documenta. The following documents of the issue in effect on date of h
invitation for bids or request for proposal, form a part of this specification to the extent |
specificd herein,
SPECIFICATIONS q
Federal
TT-8-736 Standard Test Fluids; Hydrocarbon
VV.F-0800 Fuei Qil, Diesel
VV-G-1690 Gascline, Autoraotive, Leaded or Unleaded
Military |
MIL.-G-3056 Gasoline, Automotive, Combat
MIL-T-5624 Turbine, Fuel, Aviation Grades JP- 4 and JP-b
MIL-C-7024 Calibrating Fluid, Aircraft Fuel System Components
MIL-L-7808 Lubricating Oil, Aircraft Turbinz Engine, Synthetic
Base
I. ’ MIL-F-265568 Fuel, Ramjet Engine, Grade RJ-1
" MIL-1-27686 Inhibitor, lcing, Fuel System ‘
MIL-G-46016 Gasgoline, Automotive, Combat, Referee Grade :
MIL-F-46162 Fuel, Diesel, Referee Grade |
MIL-T-83133 Turbine Fuel, Aviation, Kerosene Type, Grade JP-8
E-1




STANDARDS :_'

Federal

P e A e 3 e OB AR W B A
>

FED-STD-191 Lubricants, Liquid Fuels, and Related Products;
Methods of Testing

Military

MIL-STD-280 Packaging of Petroleum and Related Products

(Copies of specifications, standsrds, drawings, and publications required by contractors in
connection with specific procurement functions should be obtained from the procuring activity or
ae directed by the contracting officer.)

2.2 Other publications. The following decuments from a part of this specification to the
extent specified herein. Unless otherwise indicated, the issue in effect on date of invitation for
bids or request for proposal shall apply.

American Society for Testing and Materials

ASTM A 108 Cold-Finished Carbon Steel Bars and Shafting

ASTM D b6 Test for Flash Point by Tag Closed Tester

ASTM D 97 Test for Pour Point of Petroleum Oils

ASTM D 270 Sampling Petroleum and Petroleum Products

ASTM D 445 Test for Kinematic Viscosity of Transparent and
Opaque Liquids (and the Calculation of Dynamic
Viscosity)

ASTM D 482 Test for Ash from Petroleumn Products

ASTM D 664 Test for Neutralization Number by Potentiometric
Titration

ASTM D 665 Test for Rust-Preventing Characteriatics of Steam-
Turbine Oil in the Presence of Water

E-2
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ASTM D 1298 Test for Denasity, Specific Gravity, or API Gravity of
Crude Petroleum and Liquid Petroleum Products by
Hydrometer Method

ASTM D 2274 Test for Stahility of Distillate Fuel Oil (Accelerated
Method)

ASTM D 2660 Test for Water Separation Characteristics of Aviation
Turbine Fuels

ASTM D 2624 Test for Electrical Conductivity of Aviation Turbine
Fuels Containing a Static Dissipator Additive

ASTM D 3114 Test for D-C Electrical Conductivity of Hydrocarbon
Fuels

(Application for copies should be addressed to the American Society for Testing and Materials,
1916 Race Street, Philadelphia, PA 19013.)

Manufacturing Chemist's Association Incorporated

Manual L-1 Warning Labels — A Guide for the Preparation of
Warning Labels for Hazardous Chemicals

(Application for copies should be addressed to the Manufacturing Chemists’ Association,
Incorporated, 1835 Connecticut Avenue, N.W., Washington, DC 20009.)

3. REQUIREMENTS

3.1 Qualification. The inhibitors furnished under this specification are for use in aviation
turbine fuels, motor gasoline, diesel fue!, and related petroleum products. The inhibitor shall be a
product that has passed ths applicable qualification tests listed below and has been listed on or
approved for listing on the applicable qualified products list. Tentative approval for Listing on the
qualified products list shall be granted pending successful completion of the storage stability
tests. Failure to pass the storage stability requirement of 3.12 shall be cause for withdrawal of
approval.

3.1.1 Qualification requirements. The qualification requirements for the inhibitors are listed
for each type of fuel. All approved inhibitors shall meet the requirements of 3.2 through 3.12,
3.16, and 3.17 to be qualified for use in fuels conforming to MIL-T-5624, MIL-C-7024,
MIL-F-25568, and MIL-T-83133. To qualify for use in motor gasolines (MIL-G-3056 and
VV-G-1690) and diesel fuel (VV-F-800), the inhibitors shall also pass the applicable
requirements of 3.13 through 3.15,

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

3.2.1 Toxic products and formulations. The material shall have no adverse effect on the
health of personnel when used for its intended purpose. Questions pertinent to this effect shall be
referred by the procuring activity to the appropriate departmental medical service who will act as
an advisor to the procuring activity.




3.3 Solbility. The maximum allowable concentration of inhibitor, as defined in 3.7, shall be
readily and completely dissolved in all fuels for which it is qualified. There shall be no
precipitation, cloudiness or other evidance of ingolubility when tested as specified in 4.6.1.

3.4 Compatibility. The inhibitor shall be compatible with all inhibitors currently qualified
under this specification and with the static dissipator additives listed in MIL-T-5624. There shall

be no precipitation, cloudineas, other evidence of noncompatibility when tested as apecified in 1 .\
4.6.2. 1

3.5 Relative effsctive concentration. I'he relative effective concentration shall be deter-
mined in accordance with 4.6.3 and shall be expressed in grams of finished inhibitor per cubic 2
meter of fuel. The relative effective concentration shall not be less than 6 grams of inhibitor per

cubic meter of fuel (g/m®) and shall be approved at concentrations divisible by 3 (e.g., 6, 9, 12, 15,
... 83, and 36 g/m®).

3.6 Minimum effective concentration. The minimum ecffective concentration shall be 1.5

times the relative effective concentration. This amount shall be not less than 9 grams of inhibitor
per cubic meter of fuel.

3.7 Maximum aliowabls concentration. The maximum allowable concentration shall be the
loweat of the following (all expressed in grams of inhibitor per cubic meter of fuel):

a. Fifty-four grams of inhibitor per cubic meter of fuel

b. Four times the relative effective concentration

) ¢. The highest concentration giving a Water Separometer Index Modified

‘,z{;’:: value of 70 or higher when determined in accordance with 4.6.4

pOF“

‘:::: d. The highest concentration giving less than a 40% change in electrical

L conductivity with fuel containing static dissipator additive (see 4.6.2.2).

:;3:- The maximum allowable concentration shall be equal to or greater than the minimum effective

Q::: concentration and shall be a value evenly divisible by 4.5 within the range of 9 to 54 g/m®.

M

o

::»:e‘ 3.8 Ash content. The ash content of the inhibitor shall not exceed 0.10 percent when

'?u determined in accordance with 4.6.5. .
i ]
:u::: 3.9 Pour point. The maximum allowable pour point of the finished inhibitor shall be ~18°C B
::0:; when determined as specified in 4.6.6. '
Vg

'j;:;:; 3.10 Aircraft turbine engine operation. Grade JP-4 fuel (MIL-T-5624) containing twice the

PH

maximum allowable concentration (see 3.7) of the inhibitor shall be tested in accordance with

f 4.6.7 to determine its acceptability for turbine engine use. Engine operation shall not be
;:'Z: adversely affected and the post-test condition of the engine shall indicate no excessive deposits,
(.;:'. wear, corrosion, et cetera, which are attributed to the inhibitor.

N

LI

:0::: 3.11 Speciication requirements. A blend of the inhibitor at its maximum allowable
s concentration in a representative fuel shall meet all of the requirements of each applicable
. @ specification when tested in accordance with 4.6.8. For example, to be qualified for use in a motor
3‘;‘(;: gasoline, a gasoline conforming to MiL-G-3056 shall continue to meet all applicable require-
.'.v:\;l ments of MIL-G-3066 after the maximum allowable concentration of the inhibitor is added.
e
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3.12 Storage stability. After storage for 12 months in accordance with 4.6.9, the inhibitor
shall show no precipitation, layering, or other evidence of gross separation or degradation.
' Inhibitor representing the top half of the stored sample shall meet all requirements of this
1 specification except 3.10.

3.13 Induction system deposit. For use in motor gasolines conforming to V-G-1690 and
MIL-G-3506, the inhibitor shall pass the induction system deposit test performed in accordance
; with 4.8.10.

3.14 Emulsification tendency. To obtain approval for use in motor gasolines conforming to
VV-G-1690 and MIL-G-3056 and diesel fuel conforming to VV-F-800, the inhibitor shall pass the
emulsification tendency test performed in accordance with 4.6.11.

3.15 Accelerated stabllity. To obtain approval for use in diesel fuels conforming to VV-F-800
the inhibitor shall pass the accelerated stability test performed in accordance with 4.6.12,

3.168 Iidentification qualification data. The following properties of the finished inhibitor shall
be determined but not limited during qualification: density 15°C, viscosity at 37.8°C, flash point,
neutralization number, pH, and type of metallic constituent, if present (see 4.6.13). The
permissible productiori variation of individual properties will be established at the time of
qualification by mutual agreement between the manufacturer and the qualifying activity.

| Individual batches of inhibitor subsequently subjected to gualification conformance inspections

shall conform to the established range of properties. The ranges shall not adversely atfect any of

, the inhibitor performance characteristica such as relative effective concentration and Water
Separometer Index Modified.

3.17 Workmanship. The finished product in bulk or container shall be uniform in
appearance and visually free from grit, undissolved water, insoluble components, or other
adulteration. The material shall have nc adverse effect on the health of personnel when used for

3 its intended purpose. Evidence to this effect shall he subject to review by departmental medical
i authority (see 6.3).

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsiblility for inspection. Unless otherwise specified in the contract, the contractor

is responsible for the performance of all inspection requirements as specified herein. Except as

otherwise specified in the contract, the contractor may use his own or any sther facilities suitable

for the performance of the inspection requirements specified herein, uniess disapproved by the

Governipent. The Government reserves the right to perform any of the inspections set forth in

the apecification where such inspections are deemed necessary to assure that supplies and
. services conform to prescribed »equirements.

4.2 Classification of inspections. The inspection and testing of the fuel soluble inhibitor
shall be classified as follows:

4.  Qualification inspection (see 4.3)
b.  Quality conformance inspection (see 4.4).

4.3 Qualification inspection.  Qualification inspection and testing shall consist of tests
specified under 4.6.

E-6

1

e ‘J
o 30w T e ey @ b R i W e el e W e R e e e W T T L e e e et e T T e T T T T N T M




4.3.1 Test report. A certitied test report shall be forva=ded to the activity responsible for
qualification before the qualification sample ia supplied. The test report shall contain laboratory
data showing the resulta required by 3.2, 3.4, 3.5, 8.7, 3.8, 3.9, 3.11. 3.12, and 3.16. The test report
shall also contain laboratory data on any of the special tests conducted to qualify the inhibitor
for use in motor gasoline and diesel fuel (e.g., 3.13, 3.14, and 8.16). In addition, complete
formulation data shall be supplied to the qualifying activity, This data shall include chemical
composition (LUP.A.C. nomenclature and structural diagrams of each ingredient), the
percentages of each ingredient, the manufacturer and trade names of each ingredient, and where
available, the putity of each ingredient. The contractor shall furnish toxicological data and
formulations required to evaluate the aafety of the material for the proposed use,

4.3.1.1 Qualification sampling.  Unless otherwise specified by the activity responsible for
qualification, an initial 1-liter sample of finished inhibitor shall be submitted for evaluation by
all of the tests with the exception of the storage stability and aircraft turbine engine tests. If the
product passes these tests, an additional sample of finished inhibitor will be requested for the
storage stability and aircraft turbine engine tests. Samples shall be identified as required and
forwarded to the laboratory responsible for testing as designated in the letter of authorization
from the activity responsible for qualification (see 6.5).

4.3.1.2 Requalification. Requalification will be required in the event any change in composi-
tion or formulation, source of the inhibitor or its ingredients, or manufacturing sites is made.

4.3.1.3 Retention of qualification. The retention of qualification of products approved for
listing on the qualified products list (QPL) shall be accomplished by a periodic verification to
determine continued compliance of a supplier’s product with the requirements of this
specification. The verification intervals shall not exceed two years. Unless otherwise specified by
the activity responsible for the qualified producta list, verification of qualification may be made
by certification.

4.4 Quality conformance inspection. Quality conformance inspection of a bulk lot of

inhibitor shall consist of tests for conformance to requirements for solubility (3.3), ash (3.8), pour .
point (3.9), and property limits shown on the Qualified Products List. In addition, the product f
shall be required to pass a rusting test when blended in depolarized iso-octane at the relative '
effective concentration and tested in accordance with 4.6.3.1, and shall also be required to give a

Water Separometer Index Modified of 70 or higher (average of three tests) when tested at the

maximum allowable concentration in accordance with 4.6.4.

4.4.1 Inspection lot

4.4.1.1 Bulk lot. A bulk lot is defined as an indefinite quantity of a homogeneous mixture of
material offered for acceptance in a single isolated container, manufactured as a single isolated
batch, or manufactured by a single plant run (not exceeding 24 hours) through the same
processing equipment with no change in ingredient material.

4.4.1.2 Packaged lot. A packaged lot is defined as an indefinite number of 55-gallon drums or
smaller unit packages of identical size and type, offered for acceptance, and filled with a
homogeneous mixture of material from a bulk lot.

; 4.4.2 Sampling. Each bulk or package lot of material shall be sampled for verification nf
! product quality and compliance in accordance with ASTM D 270.

E-6
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4.5 Inspection. Inspection shall be in accordance with Method 9601 of FED-STD-791.

4.5 Tost methods

4.6.1 Other Inhibitors. The maximum allowable concentration of inhibitor shall be
mixed with each of the following fuels. The fuel shall contain no other inhibitors,
Immediately after mixing and at the end of 24 hours, the samples shall be visually
inspected for precipitation, cloudiness, or other evidence of insolubility.

. a. JP-4 fuel conforming to MIL-T-5624 containing the maximum allowable
concentration of inhibitor conforming to MIL-I-27686

i b. A motor gasoline conforming to MIL-G-3056, MIL-G-46015, or VV-G-1680
¢. A diesel fuel conforming to VV-F-800 or MIL.-F-46162.

4.6.2 Compatiblity

4.6.2.1 Inhibitors. Grade JP-4 fuel (MIL-T-5624) containing the maximum allowabie

concentration of the inhibitor under test and no other inhibitors shall be mixed in equal
j proportions with samples of MIL-T-5624, grade JP-4 fuel containing the maximum
allowable amount of each inhibitor previously qualified under this specification. The MIL-
T.5624, grade JP-4 fuel used shall contain the maximum allowable amourt of inhibitor
conforming to MIL-1-27686, At the end of a 24-hour period, the samples shall be visually
inspected for precipitation, cloudiness or other evidence of noncompatibility.

4.6.2.2 Static dissipator additive. Grade JP-4 fuel {MIL-T-5624), filtered through clay
an described in appendix A4 of ASTM D2550, shall be blended with each static
dissipator additive approved in MIL-T-5624 to provide test fuels having a conductivity of
400 picosiemens per meter (pS/m) +100 pS/m. After a 24-hour period, to insure thst
equilibrium fuel conductivity has been established the inhibitor under test shall be added
and mixed. At the end of another 24-hour period, no more than 40 percent change in
the electrical conductivity of the fuel shall have occurred as a result of the test inhibitor.
! The fuel electrical conductivity shall be measured using either ASTM D 2624 or ASTM
D 3114 tost methods. The post-test visual inspection of the sample shall reveal no

. precipitation, cloudiness or other evidence of noncormpativility. (NOTE: Some loss in fuel
! conductivity with time may occur when bare gluss bottles or bare metal cane are used
with fuels containing static dissipator additives. The use of an epoxy-coated container is
suggested. Also, fuel conductivity is temperature sensitive; no significant change in
temperature should be allowed during the test.)

e i e

4.6.3 Rolative effective concentration. 'The relative effective concentration of the
inhibitor shall be determiried by testing the inhibitor at various concentrations in
depolarized iso-octsrne in accordance wilh 4.6.3.1. The inhibitor shall be tested at
concentrations divisible by 3 (e.g., 8, 9, 12, 15, ... 33, and 36 grams inhibiter per cubic
moter of fuel). IJo intermediate concentrations shall be tested. The relative effec!ive
concentration shall be defined as the lowest concentration giving a passing result in
accordance with 4.6.3.1.6.
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4.6.3.1 Rusting test method

4.6.3.1.1 Test apparatus. The test apparatus shall conform to the following
requirements:

a.  Oil bath, conforming to ASTM D 665, with the additional requirement that
it must be capable of maintaining the test sample at a temperature of
38*C +0.5°C

h.  Beaker, beaker cover, stirver, stirring apparatus, and chuck and motoras for
holding and rotating specimene while polishing shall conform to
ASTM D 665

¢. Infrared heat lamp, 250 watts
d. Hypodermic syringe, glass, 30-ml, with 6-inch stainless steel needles

e. Disposable microliter pipets, consisting of calibrated capillary tubes
containing 1, 2, 3, 4, 5, 10, 15, and 20 microliters

f.  Column, chromatographic, glass, 40 mm ID X 600 mm with poly
(tetrafluoroethylene) stopcock. A separatory funnel, Squibb, 1-liter, with
poly tetrafluoroethylene) stopcock may be substituted for the chromato-
graphic column

g Specimen holder, poly (tetrafluoroethylene), dimensions as specified in
ASTM D 666 for type 2 holder

h. Specimen, dimensions as specified in ASTM D 665, made of grade 1018
steel in accordance with ASTM A 108. The specimen shall be fabricated
from 0.625 inch diameter round stock by machining or grinding to the final
diameter of 0.50 inch. The specimen may be reused from test to test but
shall be discarded when the diameter is reduced to 0.375 inch.

4.6.3.1.2 Test materials. Test materials shall conform to the following requirements:

a. Silica gel, 28-200 mesh, heated to 225°F for 2 hours and cooled in a
desiccator before use.

b. 'Test solvent, iso-octane conforming to T'T-8-735, which has been freshly
depolarized es follows: A glass chromotographic column or 1 liter separato-
ry (Squibb) funnel is filled with silica gel to a height 20 cm above the
stopcock, retaining the silica gel by means of a glass wool plug. (NOTE: Do
not use stopcock grease). One gallon of iso-octane is passed through the
silica-gel bed by gravity, discarding the first 50 ml and collecting the

4 remainder in a chemically clean glass container, The depolarized iso-octane

0] should be used within 1 week after treatmont.

¢. Test water, type B medium hard, prepared as follows: Make up three stock
solutions using ACS reagent-grade chemicals in distilled water. Each
solution shall contain one of these chemicals 16.4 g/liter NaHCO,, 13.2
g/liter CaCl,» 2H,0, or 8.2 g/liter MgSO, 7H,0. Pipet 10 ml of the
NaHCO, stock solution into 800 nl of distilled water in a 1-liter volumetric
flask, and shake vigorously. While swirling the contents of the flisk, pipet
10 ml of the CaCl, stock solution and then 10 ml of the MgSQ, stock
solution into the flask, add distilled water to bring the volume to 1 liter, and
mix thoroughly. The final blend shall be clear and free of precipitation.
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d. Isopropanol, ACS reawent grade.

e.  Glagsware cleaning solution.

f.  Lintless paper tissue (NOTLE: Cel-Fibe 1710 Wipes, available from Cell-
Fibe, Milltown, New Jersey, are satisfactory).

g Abrasive cloth, 150-, 240-, and 400-grit metal working aluminum oxide
abrasive cloth, closed coat on jeans backing. The abrasive cloth is available
in rolls of 1-inch tape, the most convenient form for use in this test.

h. Disposable vinyl gloves.

4.6.3.1,3 Specimen preparation, The specimen, whethar new or reused from a previous teat,
shall be cleaned by solvent rinsing or brushing as needed to remove oily residues, loose rust, or
foreign material. After this preliminary cleaning, the specimen shall be handied only with vinyl
gloves. (NOTE: It is essential to evoid contamination of the specimen, particularly by
perspiration rosidues, and care should be taken to avoid transfer of such contaminants to the
specimen via the abrasive cloth or the lintless paper tissues.) The spucimen shall then be ground
successively with 150-, 240, and 400-grit abrasive cloth while mounted in the chuck of the

grinding and polishing apparatus and turned at 1700 to 1800 rpm, in accordance with the
following procedures:

a. Grind with 150-grit cloth to remove all defects, irregularities, pits, and
scratches as determined by visual inspection. Old 150-grit cloth may be
used to remove rust or major irregularities, but the grinding ehall be
conpleted with new cloth. Stop the motor and scretch the static specimen
longitudinally with one pass of new 150-grit cloth, using light pressure so

" that visible scratches appear.

b.  Grind with 240-grit cloth, removing all marks froin the 160-grit cloth, and
finishing with new 240-grit clotk. Stop motor and scratch the static
specimen longiiudinally with one pass of new 240-grit cloth, using light
pressure, so that visible scratches appear.

c.  Polish with 400-grit cloth by wrapping a strip of cloth halfway around the
specimes and applying a firm but gentle downward pull to the ends of the
strip and moving the strip slowly along the specimen. Shift the positiou of
the abrasive cloth frequontly to expose {resh abrasive to the specimen.
Continue this procedure, using uew strips of sbrasive cloth as required,
until all marks friom the previous 240-grit operation have been removed and
the surface presents a uniform appearance, free ot longitudina) or spiral
scratches, with all polishing marks a_pearing to be circumferential. The
final passes along the specimen shall be made with fresh abrasive cloth,

d. Remove the gpecimen from the chuck, wipe the lintless tissue, and store in
¢ beaker of depolarized iso-octane in a desiccator containing silica gel or
other noncorrosive desiccant unti: ready for use. The stcrage period in the
iso-octane shall nnt exceed 7 days.
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4.6.3.1.4 Preparation of test blend. The test blend shall be prepared in the test beaker, not
more than 2 hours before the immersion of the specimen in the test blend. The test blend shall be
prepared in accordance with the following procedure:

a. Clean the test beaker with a suitable cleaning solution (see note below).
Clean the stainless steel stirrer and methyl methacrylate beaker cover by
rincing in any suitable aliphatic hydrocarbon solvent such as a light
naphtha or iso-octane, washing thoroughly with hot distilled water, and
oven drying (not over 85.6°C for cover). NOTE: If a glass stirrer or beaker
cover is used, it should be cleaned in the same manner as the test beaker.
Any suitable cleaning method that provides cleaning quality comparable to
the use of chromic acid may be used. The use of a detergent cleaning
solution Is suggested, Use siainless steel forceps to handle the glassware.
Wash with tap wator and then with distilled water. Rinse with reagent
grade isopropyl alcohol and dry in the air or oven. Detergent cleaning s
avoids the potential hazards and inconvenience associated with handling
corrosive chromic acid solutions. The latter remains as the reference
cleaning practice and as auch may function as an alternative to the
preferred use of detergent solutions.

b.  Prepare the blend of iso-octane and inhibitor in the test beaker with direct
addition of the inhibitor. No intermediate blends, concentrates, or stock
solutions are permitted. Prepare each test blend using between 300 and 400
ml of iso-octane in the test beaker. Use pipet or pipets to add integral
numbers of microliters of the inhibitor to the beaker to increase measure-
ment accuracy. Add the caloulated volume of depolarized igo-octane to the
test beaker, Fill the appropriate microliter pipet or pipets with inhibita,
wipe off excess, and force the inhibitor into the iso-octane. Allow the pipet
to fill with iso-octane by capillary attraction and force this rinse into the
test beaker. Repeat the rinse four times. Caleulate the amount of iso-octane
and inhibitor to be added to the test beaker using the instructions given in
4.63.14.c.

¢.  Calculate the volume of iso-octane required for ench concentration desired
using the following equation, where density is n g/ml at 15°C:

‘(density of inhibitor) (microliters of inhibitors) (1000)
(desired inhibitor concentration, grams/cubic meter)

ml of iBo—octane =

For example, assume the inhibitor has a density of 0.95 and the desired
concentration is 8 grams/cubic meter of fuel, Calculate the volume of iso-octane
required when using 2 microliters of inhibitor:

ml iso-octane = (0.95) (2) (1000)/(6) = 316.7
For inhibitor having a density less than 0.9 g/ml, the volume of iso-vctane for
many concentrations of interest will be less than 300 ml or more than 400 ml.

Use the following procedure:

(1) Caleulate the volume of inhibitor required for 300 1l of iso-
octane.
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(2) Increase the volume ol inhibitor to the next integral
microliter and add to 300 ml of iso-octane in the test

beaker. Mix weli.

(3) Calculate the amount of inhibitor/iso-octane blend to be
removed from the test beaker to leave the desired amount
of inhibitor.

(4) Remove the calculated amount of inhibitor/iso-oc’ane
blend and replace with an equivalent volume of depolarized
iso-octane. Mix well, This approach is illustrated for the
above « nmple:

(a) Using this equation, calculate the desired
volume of inhibitor for 300 ml of iso-
octane for an inhibitor with a density of
085 and for a desired concentration of
6 g/mw’

300 ml iso-octane = (0.86) (X microlitera
inhibitor) (1000)/(8),

X = 212 microliters of inhibitor

(b) Add the next integral voluwe of inhibitor
(t.e.,, 3 microliters) to 300 ml iso-octane
and mix well. This gives an inhibitor
concentration of 3 microliters inhibi-
tor/300 ml iso-octane or 1 microliter/100
ml,

(¢) The desired amount of inhibitor is 2.12

mieroliters. Thus, we need
(2.12)(100) = 212 ml of inhibitor/iso-oc-
tane blend.

(d) Remove 88 ml of the inhibitor/iso-octane
blend (i.e., 300 — 212 = B8 ml). Replace
with 88 ml of depolarized iso-octane. Mix
well, This results in the correct volume of
inhibitor (i.e., 2.12 microliters) in 300 ml of
iso-octane.

d.  Place the beaker in the oil bath which has been regulated previously to
maintain a sample temperature of 38°C 1 0.6°C. 'The braker is inserted in a
hole of the bath cover and suspended at a level such that the oil level in the
bath is not below the sample level in the beaker. Cover the beaker with the
beaker cover and the stirrer in position. Adjust the stirrer so that the shaft
is 6 mm (0.24 inch) off-center in the beaker, and the blade is within 2 mm
(0.08 inch) of the bottom of the beaker. Then suspend a thermometer
throvgh the hole in the cover intended for that purpose, so that it is
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4.6.3.1.5 Test procedure.

immersed to a depth of 57 mm (2.2 inches). Stir for at least 5 minutes. Turn
off the stirrer. Using a clean pipet or syringe, withdraw enough test blend to
leave exactly 300 ml in the beaker. Allow the test blend to come to
33°C £0.6°C. Replace the thermometer with a cork or plastic plug.

following procedure:

ol ol ol - e g B X N K B S — W .
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Remove a test specimen from the isc-octane in the desiccator and wipe dry
with a lintlens paper tissue, handling with vinyl gloves througheut this step
and the following operations. Repolish with 400-grit abrasive cloth by
wrapping a strip of the cloth halfway around the specimen and applying a
firm but gentle downward pull to the ends of the strip. Move the strip
slowly along the specimen, twice in each direction, shitting the strip after
the first back-and-forth psss so that fresh abrasive is exposed to the
specimen. Inspect the specimen to insure that the surface presents a
uniform appearance, free of longitudinal or spiral scratches, with all
polishing marks appearing to be circumferential. Additional polishing is
required if the specimen appearance is other than described. After polishing
is completed, remove the specimen from the chuck, wipe lightly with
lintless paper tissue, and screw the specimen into the specimen holder.
Rinse the specimen with a stream of isupropano! from a wash bottle, Wipe
dry immediately, wiping twice with fresh lintless paper tissues, using firm
pressure and rotating the specimen while drawing through the tissue.
NOTE: Under conditions of high ambient humidity, it is necessary to heat
the specimen to prevent condensation of moisture and premature rusting.
Under such conditions before the rinsing operation, place the apecimen and
holder 6 inches from a 2560-watt infrared heat lamp and rotate for 1 minute.
Keep the specxmen under the lamp while proceeding with the rinsing and
wiping operations.

Immediately after rinsing and wiping, insert the specimen and holder
throngh the specimen hole in the beaker cover and suspend the specimen so
that its lower end is 13 to 156 mm (0.51 to 0.59 inch) from the botiom cf the
beaker. Leave the specimen in the test blend for a 10-minute static soalk,
then turn on the stirrer and soak dynamica'ly for 20 minutes. NOTE:
When multiple tests are run simultaneously, it is permissible o extend the
static soak period to not more than 40 minutes in the case of the “first-in”
specimen, giving the “last-in” specimen a 10-minute soak.

Turn off the stirrer. Remove the cork or plug trom the beaker cover, and
add 30 ml of test water to the test beaker, adding it very carefully co the
bottom of the beaker by means of a hypodermic syringe. Chunge to a ctean
needlc for each test beaker. Replace the cork or plug i the beaker cover.

3tart the stirrer immediately and run for 5 hours, holding the bath
temperature at the same setiing sc that the test amples will be mainteinsd
at 38°C 20.5°C.
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After preparing a test specimen as described in 4.6.3.1.3 and a
test blend as described in 4.6.2.1.4, the test shell be performed in accordance with the



e. At the end of 5 hours, stop the stirrer, remove the specimen and holder,
rinse immediately with isopropanol, and allow to air-dry. Examine at once
without magnification under normal indoor illumination, approximately
60-foot candles, scanning the surface very carefully, to detect any small
pits. Record observations of visible rust, pits, staius, or deposits.

v 4.6.3.1.6 Interpretation of test results. A test shall be reported as failing if the center
g 48mm-(1.875-inch) section of the specimen shows six or more rust spots of any sizo, or if it shows
any rust spot 1 mm in diameter or larger. (NOTE: The ends of the specimen, outside the center
section, are ignored in rating the specimen.) Visible deposits or staing other than rust shall not
constitute failure; deposits or stains may be examined microscopically to determine their
classification. In order to assign a pass-fail rating to a given inhibitor at a given concentration,
two tests shall be performed. The inhibitor shall be reported as passing at the given
concentration if both tests give passing ratings, or failing at the given concentration if both tests
give failure ratings. If the two tests give one passing rating and one failing rating, two additional
tests shall be performed. If either or both of these additional tests give a failing rating, the
inhibitor shall be reported as failing at the given concentration. If both of the additional tests
give passing ratings, the inhibitor shall be reported as passing at the given concentration.

e

4.6.4 Waler saparometer index modified. The inhibitor shall be blended into the reference
fluid base, as described in ASTM D 2550, and tested in accordance with ASTM D 2550. For any
given concentration of inhibitor, the average of three tests results shall bu used to determine the
conformance to the requireraents of 2.7 or 4.4. In qualification testing to define the raaximum
#l'owable concentration, the inhibitor shall Le tested at one or more concentrations selected from
the following: 9, 13.5, 18, 22.5, 27, 31.5, 36, 40.5, 45, 48.5, or 64 grams inhibitor per cubic meter of
- fuel. No intermediate concentrations shall be tested. Only the ASTM CRC Water Separometer
' apparatus siiall be used for qualification testing.

« 4.6.5 Ash content determination. The ash content of the inhibitor shall be determined in
accordance with ASTM D 482, using a platinum crucible,

4.6.6 Pour point determination. Pour point shall be determined in accordance with

. ASTM D 97.

4.6.7 Alr:raft engire test. The engine shall be operated for 100 hours in accordance wiih the
engine operating requirements of MIL-L-7808, Grade JP-4 fuel, conforming to MIL-T-5624 shall
contain twicc the maximum allowable concentration of the inhib .~z Upon completion of tae
test, components of the engine exposed to the fucl such as a fuai controis, fuel nozzles,
combustion section, turbime blades, exhaust section, elaston ers, fuel/cil heat exchangers, and
fuel pumps shull be examined for evidence of ¢xcess wear, deposits, corsusiun or other deleterious
effectc. This test shall be performed by the activity responsible for qualification (see 6.5).

4.6.8 Spechication tusts. The inhibitor shall be added at its maximum concentration to a
| bese fuel that coatains no inhibitor but is otherwise representative of euch grade of fuel for which
: the auditive ie to be qualified. The blend of fuel and iuhibitor shall be subjected to all of the tests
| of each applicable specification.

o 4.6.3 Siorage stabllily tesf. 'T'wo 1-quart amber glass bottles shall each be filled with 850 ml
) of the inhibitor and shall be tightly capped by means of a screw cap having a conical polyethylene
o liner. Kach bottle shall be wrapped in & minimum amount of opaque packing material sutficient

for prriection against mechenical damage, but minimal in thermal insulation qualities. The
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wrapped bottles shall be enclosed in & tight wooden or metal box ior further protection against
breakage and sunlight. The crated samples shall be stored at ambient, outdoor conditions in a
temperate climate. The box shall be kept off the gronnd snd protected from direct sunlight and
precipitation under a canopy, open shed roof, or similar ventilated shelter. The crated samples
shall be stored undisturbed in an upright position for the specified period. One of the sarnples
shall ‘he stored for e actly 12 months uud then removed for examination and testing; the other
samples shal! be stored for 12 months or less and may be removed for examination and testing at
any time at the option of the qualifying activity. Whenever a saniple is removed for examination
and testing, it shall be uncrated with minimum disturbance; the bottle shall not be shaken,
inverted, or otherwise agitated. The contents of the bottle shall be inspected visually for
precipitation, separation into layers, or other evidence of gross separation. The presence or
absence and the nature of such separation shall be recorded. The top half of the liquid saraple
shall be carefully removed by suction or siphening into #nother bottle, without dieturbing the
bottom half of the original sample. The top-half sumple, after trensfer to the second bottle, shall
be shaken thoroughly and then used in laboratory testing, performed in accordance with 3.12.
The bottom-half sample, in the original atorage bottle, shall be retained for examination and
possible additional testing to detect changes caused by storaye,

4.6.10 Induction systems deposit test. The inhibitor, at its maximum concentrarion, shall be
blended into a MIL-G-3056 motor gasoline. The test fuel shall then be tested for the formation of
induction system deposits in accordance with Method 50C of FED-STD-7¢1. The naphtha-
washed deposits shall not exceed 2 mg/100 ml of fuel. The MIL-G-30566 gasoline without the
inhibitor shall also be tested in accordance with Method 600 of FED-8TD-791 concurrently to
define the level of deposition occurring as a result of the inhibitor.

4.6.11 Emuisification tendency test. The inhibiror, at muximum allowable concentratinn,
shall be blended into a MIL-G-3056 motor gasoline and a MIL-F-46164 diesel fuel. Each tesi fue)
shall then be examined for emulsification ‘endencies in usccordance with Methud 560 of
FED-STD-791. Interface ratings in excess of three are evidence of unsatisfactory emulsification
tendencies and shall not be allowed. The MIL-G-3006 moter gakoline and the MIL-F-438162
diesel fuel shall also be tested in accordance with Method 550 of FEI)-STD-791 to idemify the
quality of the fuels before the addition of the inhibitor.

4.6.12 Accelerated stabiiity test. 'The test inhibitor, at its maximum allowable cuncentration,
shall be blended into a diese! fuel (VV-F-800) that cortains no additives. Each test. fuel shail be
tested for the formation of total insclubles in accordarce with ASTM D 2274, The totsl
insclubles shall not exceed 1.5 mg/100 ml. The diesel fuel without the test inhibitor shall also be
tested in accordance with ASTM D 2274 concurrently to define the level of insolubles oceurring
without the precence of the inhibitor. (NOTE: A suitable ruference diesel fual for this evaluation
is described in Method 341.4 of FED-STD-791).

b 4.6.13 identlication tests. ldentification tests shall be conducted i accordance with the
Y following methods:
"E:'{
i Density at 15°C ASTM D 1298 or pvonometer
| Viscosity at 37.8°C ASTM D 445
® Flash Point ASTM D &6
~
E‘& Neutralization number ASTM D 664, total acid number
"y
o
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pH On 010 ~ 0.11 g sample in 125 ml
of ASTM D 664 titration solvent.
Read the constant pH as defined in
note 9 of ASTM D 664

Metallic constituent Emission spectrograph not applicable
for materials with ash contents of 0.056
percent or lower.

5. PACKAGING

5.1 Packaging, packing, eand marking. The packaging, packing, and marking shall be in
accordance with MIL-STD-290. In addition, package units shall be labeled to the extent
applicable in accordance with Menual L-1.

6. NOTES

8.1 iIntended use. The inhibitors covered by this specification are used, when specifically
authcrized, in jet engine fuels for the prevention of corrosion in fuel handling, transportation,
and storage equipment and to improve the lubricating qualities of jet fuels. Certain of the
inhibitors are also used in automotive gasoline, diesel fuel, and related petroleum products.

6.2 Ordaring Jata. Procurement documents should specify the jollowing:

4. Title, number, and date of this specification
b. Quantity required
¢. Selection of applicable levels of packaging and packing (5.1).

6.2.1 Amount of use of Inhibitor. When Government procurement documents specify the use
of inhibitors in fueis and related petroleum products, the concentration of inhibitor shall be
spucified in graras of inhibitor per cubic meter of fuel and zhall not be less than the minimurm
effective concentration nor more than the maximum allowable concentration as listed on the
Qualified Products Liat. Since the inhibitor is intended for use under many different
environments, it is not possible to establish a single optimum concentration for all uses.
Therefore, when a specific concentration is not raquired by the Governraent, the quantity of
inhibitor used may vary to meev specific conditions,

6.3 Toxicity. Questions pertinent to toxicity should te referred by the procuring activity to
the appropriate departrnental medical service who will act as an advisor to the procuring activity.
In case of Army procureinent, the Surgeon General will act as advisor to the procuring activity.

6.4 Inhibitor for addition to fuals. When a fuel contractor or the Government purchases the
inhibitor for addition to fuels to be used by the Government, the nianufacturer of the inhibitor
must certify to the purchaser that the product is an inhibitor that has been cualified under this
specification. In addition, a test report showing compliance of the product with the requirements
of 4.4 wust be supplied to the purchaser. Additional deta may be required by the purchasing
activity to establish compliance with this specification.




6.5 Qualification. With respect to products requiring qualification, awards will be made only
for products which are at the time set for opening of bids, qualified for inclusion in the applicable
Qualified Products List whether or not ruch products have actually been so listed by that date.
The attention of the contractors is called to these requirements, and manufacturers are urged to
arrenge to have the products that they propose to offer the Federal Government tested for
qualification in order that they may be eligivle to be awarded contracts or orders for the products
covered by this specification. The activity responsible for the Qualified Products List is the Aero
Propulsion Laboratory, Air Force Wright Aeronautical Laboratories (POSF), Wright-Patterson

AFB, OH 45433, and information pertaining to qualification of products may be obtained from
that activity.

6.6 Changes from provious issue.  Asteris: - -.vo not used in the revision to identify changes
with respect to the previous isaue, due to the extensiveness of the changes.

Custodians: Preparing activity: ]
Army — ME Air Force — 11 ‘
Navy — AS [
Air Force — 11 Project 6850-0597

Review activities:
Army — MD, AV
Navy — SH
Air Force — 68

User activity:
Army — AT
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APPENDIX F by
RPHPLC CHROMATOGRAMS OF CORROSION INHIBITOR IN CT JP-4 R
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a. DCl-4A
39.1 ppm

6118

Chart Speed 0.9 cm/min

Atten: 32 Zero: 10% 1 min/tick

¢. DCI-4A
13.3 ppm

5.128

5.673

6.192

Chart Speed 0.9 cm/min

Atten: 32 Zero: 10% 1 minftick

Figure F-1.

b. DCI-4A
26.3 ppm

5.120

5.662
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Chart Speed 0.9 cm/min

Atten: 32 Zero: 10% 1 minftick

d. DCI-4A
6.6 ppin

5.131

5.672
! ! 6.216¢

Chart Speed 0.9 cm/min

Atten: 32 Zero: 10% 1 min/tick

DCI-4A

FDA 346168




[CUIN

a. DCI-6A b. DCI-8A
48.3 ppm 24.6 ppm
5111
5,403
5.086
5.379
17
6.173 144
4 4t 1 1 Jq | NP S TS O O O I |
Chart Speed 0.9 c¢m/min Chart Speed 0.9 cm/min
Atten: 32 Zerc: 10% 1 min/tick Atten: 32 Zero: 10% 1 min/tick
¢. DCI-6A d. DCI-6A
12.4 ppm 6.3 ppm
5.089
5.393 R
5.610
e s
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Chart Speed 0.9 cm/min Chart Spaed 0.9 cm/min
Atten: 32 Zero: 10% 1 niin/tick Atten: 32 Zero: 10% 1 min/tick
Figure F-2. -- DCI-6A
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a. HITEC E-580
48.5 ppm

5.047
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Figure P-7. —  NALCO 5405
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Figure F-8. —  NUCHEM PCI 105
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a. TOLAD 249 b. TOLAD 249
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Figure F-11. — TOLAD 249
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Figure F-14. — WELCHEM 91120
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Figure F-16. — MOBILAD F800
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a. Trirmer
33.8 ppm

4.897

Y O ! Y Y |

Chart Speed 0.9 cm/min 5.549
Atten: 32 Zero: 10% 1 minjtick
b. Dimer ¢. Monomer
36.3 ppm 39.6 ppm
5.044
5.631
6.010 8.004
5.037 \F
4
N R Y O IO | A N I N O O
Chart Speed 0.9 cm/min Chart Speed 0.9 cmymin
Atien: 32 Zero: 10% 1 min/tick Atten: 32 Zevo: 10% ' min/tick

" DA 340830

Figure F-17. — Trimer, Dimer, and Monomer Linoleic Acids




