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S U M M A R Y

INTRODUCTION

The currentl y used petroleum—base military aircraft hydraulic fluid
conforming to milit a ry specification MIL- H—5606C is an extremel y flamable
ma terial. This fluid , which was deve loped in the earl y phases of World War
II, possesses all of the desired properties of a good hydr aulic fluid with
the one exception of fire resistance . Hydraulic systems in military air-
craft under comba t or operationa l conditions are subject to p rojectile
damage or component failures which could result in the release of this flu i d
under pressures as high as 3,000 psi (21 tiPa) in the form of a spray or jet.
In the presence of an ignition source , a hazardous condition or fire may
result , causing aircraft damage or loss and a threat to crew safety.

The need for the deve l opment of a safer , fire-resistant fluid for
use in current and future military aircraft is emphasized from statistics
obtained from the Nava l Safety Center computer fi le related to the number of
hydraulic fluid induced nava l aircraft fires. Many accidents were reported
due to failure of hydraulic Components as a result of imp roper maintenance
procedures , fatigue , etc. which permitted escaping hydraulic fluid to come
in contact with hot surfaces such as brakes or eng ine components. In some
instances fatalities occurred as well as total loss of the aircraft. Thus ,
the need for the deve l opment of a safer fire—resistant milit a ry aircraft
hydraulic fluid is quite evident.

Fire resistant fluids for military aircraft hydraulic systems have been
sought for the past 30 years. The most p romising fluid to date from an
eng i neering and logistic stand point has been one based on a synthetic hydro-
carbon oligome r which was most recentl y approved for nava l aircraft intro-
duction. This fluid , although exhibiting somewhat imp roved fire retardancy
properties over the currentl y used petroleum base flu id , is still only less
flamable and not trul y fire resistant. In order to extend the usefulness

-ç of this material and si gnificantl y improve its firc resistance properties , a
chemical modification based on partial substitution of the hydrogen a toms
with florine atoms may prove Feasib le. Therefore , the objective or this

• 
. independent research program is to provide a basis for the deve l opment of a

new class of synthetic fluids with superior fire—resistance properties for
app lication to current and future military aircraft hydraulic systems . The
successful comp letion of this program would result in the enhanced surviva-
bility of military aircraft under both operationa l and combat conditions.

SUMMARY OF RESULTS

The direct partial fluorination of synthetic hydrocarbon fluid was 
_______

limited to about 5 wt. percent fluorine . Attempts to achieve highe r concen— W~Ie SeCtIN~~~~
1

trations of fluorine exchange without gross decomposition were unsuccessful. 
~~~~~~~ 0

At this concentration leve l , no improvement in fire retardancy was
observed .

Ind i rec t fluorination methods , i.e., fluorination of monomer prior to
pol ymerization are not cons i dered promising.
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The i ncorporation of fluorine atoms into the alky lated s ilicone molecule
was not achievable.

CONCLUSIONS

The work performed under this program represents a fina l attemp t to
p rovide a basis for the development of superior fire—resistant military
aircraft hydraulic fluids suitable as direct rep l acement flu ds in current
hydraulic system designs . The results to date have been less than encour-
aging ; therefore, work on this program has been terminated .

The Navy and Army have authorized the use of MIL—H-83282 (synthetic
hydrocarbor~ fluid in all aircraft hydraulic systems presentl y us i ng MIL-H—
5606. The Air Force has deci ded to continue using MIL-H-5606. Long
range Navy/Air Force/Army p l ans call for the development of fire—resistant !
non—flamable hydraulic fluids for future hydraulic system desi gns.

2
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B A C K G R O U N D

The use of halogenated organic compounds as fire extinguishing agents
is widely recognized . Such materials usuall y have no flash or fire point.
Of the elements that comprise the halogen family, namely, fluorine , chlorine ,
bromine and iod i ne, the fluorine atom forms the strongest chemica l bond in
correspond i ng chemical compounds because of its substantiall y hi gher bond
energy. Thus our approach to mod i fying the synthetic hydrocarbon oligome r
for improved fire resistance properties w i l l  i nvo l ve the substitution of
hydrogen atoms with fluorine atoms. The substitution of all hydrogen atoms

• wi th fluorine can be expected to si gnificantl y change the properties of the
starting material. For examp le , considering the C~ to C 10 alkane series asmodel compounds , total fluorination of these materials would increase the
density by a factor of about 2.5, increase the vapor pressure thus reducing
boiling points and also increase the absolute viscosity . Since we are
striving to increase fire resistance properties of the synthetic hydrocarbon
oli gomer with minima l property changes , the key to the success of this
endeavor will be the achievement of fire resistance with minima l fluorine
substitution. A review of the literature on fluorine chemistry has m d i—
cated tha t significant fire resistance properties could be achieved in cer-
tain hydrocarbon materials with as little as 30% of the hydrogen atoms
rep l aced with halogen.

Elementa l fluorine is known to react violentl y with most organic corn—
pounds under ordinary circumstances . The action of fluorine on a carbon
compound has been likened to a combustion process where the products are
carbon tetrafluoride and hydrogen fluoride . The remaining halogens do not
exhibit this type of behavior. The exp lanation for this behavior can be
found by considering the amount of ‘neat given off in the Following reaction :

R - H  + X . ) R - X  ÷ H - X  (1) J
(hydrocarbon) (halogen)

— When X represents fluorine , the heat of reaction at room temperature is —10 3
kilocalories per mole of reactant. Chlorine , bromine and iod i ne in the same
reaction scheme show va l ues of -23, -6 and +1k kilocalories per mole ,
respectively. The enormous amount of heat evo l ved with fluorine causes this
reaction to reach exp los i ve proportions . In addition , appreciable fragmen-
tation of the hyd rocarbon substrate occurs via carbon—carbon bond rupture .
The basic prob l em of direct fluorination invo l ves both kinetics and thermo-
dynamics . The rate of the reaction must be slowed down so that the energy
liberated may be absorbed or carried away. The limiting parameter to be
considered in attempting to contro l the reaction of elementa l fluorine is the
weakest bond in the reactant compound . For hydrocarbons , the example pre-
sently under consideration , the average carbon—carbon sing le bond strength is
3k—88 kilocalories per mole. In order to eliminate fragmentation in the
reaction , the successful fluorination process must minimize this amount of
energy being appropriatel y localized and available per carbon—carbon bond .
Therefore, by reducing the number of col l isions of elemental fluorine wi th
the hydrocarbon substrate via dilution techniques and providing a heat sink
to remove or absorb the energy liberated , the synthetic hydrocarbon ol-i gomer
could be successfully fluorinated .

5
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The reaction mechanism can be considered to proceed via two distinct
paths. The first i nvo l ves the dissociation of elemental fluorine into
fluorine atoms as the initiation step .

F2 )F . + F • ~~H = +37.7 kca l /mole (2)
298

The propagation of free rad i cals follows as shown :

RH ÷ F . —p R • + HF AH = -33 .8 kca 1 /mole (3)
298

Finall y the termination step leads to the desired produc t

R • +F . —
~~ RF ~AH = -106.8 kca l/mole (4)

298

Alterna tely molecular fluorine can attack the hydrocarbon substrate gener-
ating free radicals

RH + F >R . ~~ F • + HF ~~H = +3.9 kca l /rnole (5)2 298

followed by propagation of free radicals

R . + F ~ RF + F • ~~IJ = -69.1 kcal,’mole (6)
2 298

with the termination step be i ng the comb i nation of two fluorine atoms as
follows :

F • + F  . ) F  .4H = —37.7 kcal/mole (7)2 298

The net overall reaction in both of these mechanisms results in the follow-
ing:

RH ÷ F ) RH + HF I,~H 
= -102.9 kca l /mole

2 298

E X P E R  I M E N T A L

The direc t fluorination techniquo used In this work is based on the
LaMar process and has been previously described in the literature (l).

The synthetic hydrocarbon fluid used in this study is desi gnated Mobil
830A and contained no additives . This material was used as recei ved .

The alkylated silicone used in this study is designated General Electric
SF-1147 and contains no additives . This material was used as rece i ved. The
fluids were tested for phys i ca l and chemica l property changes as follows :

1. Dens i ty was determined using a weld type pycnometer.

6



NADC— 7636 1-30

2. Viscosity was determined in accordance with ASTh Method DL145.

3 Stee l on stee l wear was determined in accordance wi th ASTH Method
D2266.

4. Wick flammability was determ ined in accordance with Federal Test
• Method Standard No. 791B , Method No. 352.

5. Auto ignition temperature was determi ned in accordance wi th ASTM
Method D2155.

6. The presence of fluorine was determined by decomposing the test
fluid with metallic potassium to KF. The KF was then dissolved in I1

~
0 and

acidified with dilute HC1. An alcoholic solution of zirconium alizarinate
comp lex was then added drop wise. If fluorine is present the reddish purple
complex w i l l  decompose to free a l izar in  which is yellow in color.

R E S U L T S  A N D  D I S C U S S I O N

SYNTHETIC HYDROCARBON FLUID

This independent research program was initi ate d in FY-75 . As a result
of a literature search in the field of fluorine chemistry an approach toward
partiall y fluor inat ing the synthetic hydrocarbon oligome r was selected
ut i l iz ing a direc t f luorination technique . Experiments aimed at par t ia l l y
fluorinat ing the synthetic hydrocarbon oligome r were conducted in late FY—75
and early FY— 76 wi th the following results , Init ial attempts to par t ia l l y
fluorinate the oligorne r directly with a fluorine/nitrogen gas mixture re-
sulted in either no fluorine exchange or only limited exchange (less than 1
wt. percent) depend ing on reaction time and fluorine /nitrogen gas flow rates .
This was somewhat unexpected since materials like polyethy lene under simi lar
experimenta l conditions readily exchanged hydrogen atoms for fluorine atoms.
This lack of reactivity suggested the use of a catalytic agent to increase
reactivity. Further experiments utilizing sod i um fluoride as a catal yst re-
suited in conversions rang ing from approximately 2 to 5 wt. percent fluorine .
Efforts to increase the fluorine concentration above 5 wt. percent were unsuc-
cessful. Table I shows property variations of the various fluorinated samp les
compared to the base fluid (0 percent fluorine). It is evident that the
desired increase in fire retardancy capability has not been achieved as

• measured by two laboratory flammability screening tests. The differences in
properties noted suggested that quite possibly the fluorine atoms had concen-
trated on certain molecular fractions which comprise the synthetic hydrocarbon
oligomer. Therefore, an effort was undertaken to vacuum distill each samp le

• and separate molecular components. As presented in Table II , all of the
mo l ecular fractions obtained from the fluorinated samples contained some
amount of fluorine wi th no one fraction exhibiting an imp rovement in fire
retardancy.

The difficulty experienced in attaining Fluorination l evels greater than
5 wt. percent suggested tha t an alternative approach be considered . The
feasibility of fluor inating the starting monomeric components of the synthetic
hydrocarbon fuHowed by pol ymerization to the o l i gomer was then i nvestigated .
Consideration was given to first selectively fluorinating the ai pha— olefin
nonor~r. This process would necessitate imm obil izing the double bond of the

7
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monomer with a halogen acid group prior to fluorin ation , followed by dehydro—
halogenation to regenerate the double bond for pol ymerization . The synthesis
of the fluorinated synthetic hydrocarbon oli gomer from the fluorinated al pha-
olef in would require conditions vastl y different f rom those for the non-
fluorinated fluid due to the effects of fluorine on the reaction mechanism .
These conditions can onl y be determ i ned by undertaking a stud y that would be
extensive and comp lex and not w i th in  the scope of this study.

ALKYLATED SILICONE FLUID

Another class of f luids name l y the alkylated silicones were subjected to
the same fluorination procedure as performed on the synthetic hydrocarbon
f luid in an attempt to impart enhanced f i re—resis tance propert ies to these
materials. The fluorination was attempted in severa l different ways:

• I 1 . About 50 ml of this fluid was placed in a pre-fluorinated pol yethy-
• lene bottle. After 24 hours of fluorine exposure , the J.R. spectrum showed

no C-F stretch . Therefore, it was refluorinated for two more days . Even
then the C-F stretch was not detected ; howeve r , there was a cons i derable
amount of HF in the bottle.

2 . in the nex t attemp t a catal yst , sol id NaF, was used . About 1+00 ml
of f luid in the presence of NaF was fluorinated for si~ hours. The product

• did not show any C—F IR stretch. It was refluor ina ted for si;~ more hours ,
but still there was no IR indication of fluorination .

• 3. A second samp le of about 1+00 ml was fluorinated in the presence of
NaF as catalyst  for 46-~ hours. This f lu id too showed no ind ication of Fl uor —
m a t  ion.

LI. , In the last study, 1+00 ml of f lu id were f luorinated in the presence
of NaP for 11 3 hours . This samp le , too , did not show appreciable evidence for
fluorination except for a slight discoloration and for the production of HF
fluorination.

In all of these experiments , a considerable amount of HF was present in the
bottle after the fluorinatio n reactions. Table Il l  shows the resultant fluid
properties after each of those treatments.

R E F E R E N C E S

I - Lagcw, R. J. and Margrave , J. L., Proc. Uatl . Acad . Sc., ~j, 8A (1970)
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TABLE I. SYNTHETIC HYDflOCA~BOU FLUID PROPERTIE S
AS A FUNCTIO N OF FLUORI IIE CONTE NT

1Ie i~ ht Percent Fluorine
Property 0 1 .9 2.6 2.9 4.6

Densi ty , 9/cc 77 F (298 K) 0.805 0.331 0.830 0.852 0.846

Viscos it y, cs or mm2/s
1 00 F (311 K) 19 .1 23.3 25.9 24.7 37.9

Steel on Stee l t/ear , 1+0 kn,
167 F (348 i~) 1200 rpn, I 1-,
(mm ) 1 .08 0.68 0.77 C.76 0 .95

Uick Flamahi l ity ,  Cyc les
to Ignition 22 17 17 19 23

Auto-I gniton Temp . F (K) 690(639) 61+0(611) 660(622) 670(628) 6 10 (594 )

• I
1
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• TABLE II. VACUUM DISTILLATION OF SYNTHETIC HYDROCARBON FLUID

• • Sample Fraction Qualit ativ e Test ‘/ick Flam m ability ,

~~:t. ; F~ No. For Fluorine Cycles to Ignition

0 1 Negative 3
• 2 Negative 4

3 Negative 20

Positive 16
2 Positive 16
3 Posi t ive 15

2.0 1 Positive 16
2 Positive 16
3 Posi t ive 17

2.9 1 Positive IC
2 Positive 10
3 Positive 19
4 Positive IC
5 Positive 19

• 4.8 1 Positive 10
2 Positive 12
3 Positive 9

10
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TABLE III. ALKYLATE D SI LICONE FLUID PROPERTIE S

Sample
Property Origina l 1 2 3 4

Density, g /cc 77 F (298 K) 0.876 0.897 0 .9C2 0.895 0 .~ 04

• V iscos i ty ,  cs or m2/s
• 1 00 F (311 K) 35.3 42.3 40.3 42.8 47. 1

Stee l on Steel Wea r , 1+0 kg,
1 67 F (348 K), 1200 rpm
I h (mm) 0.~2 1 .15 l .C3 1. 07 1.1 1

Lick Flammabili ty, Cycles
to Ignition 20 17 17 33 17

Auto— Ignit ion Temp . F (K) 710(650) 645 (6 1 4) 645 (6 1 4) 660(622) 650(6 1 6)

r Flash Point , F (K) 535(552) 1+35 (497) 410(483 ) 445 (502) 445 (502 )

Fire Point , F (K) 530 (577) 540 (555) 535 (557) 545 (558) 550(561)
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