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INTRODUCTION
 

PURPOSE.
 

The Federal Aviation Administration (FAA) Antimisting Fuel Program is 
currently investigating the use of an Imperial Chemical Industries, 
Ltd., (ICI) proprietary polymer additive designed to increase the 
antimisting characteristics of typical jet engine fuels. General 
Technology Applications, Inc., (GTA) has a proprietary process for 
rapidly dissolving high molecular weight polymers, such as those 
known to have antimisting qualities in hydrocarbon liquids.* Appli­
cation of the GTA blending process to the FAA antimisting program 
could lead to the solution of a number of operational problems which 
have been identified in the use, blending and degrading of antimisting 
additives. 

BACKGROUND. 

The FAP, Antimisting Fuel Program has been in progress for approxi­
mately three years. Recent work by the FAA has identified fuels in 
which the misting properties have been decreased by addition of rela­
tively low concentrations (e.g., 3000 ppm) of very high molecular 
weight polymers. The FAA's Engineering and Development Program Plan 
for Antimisting Fuel defines the critical issues facing commerciali ­
zation of antimisting fuels. (1) They are: 

"1	 . Can the modif ied fuel be made available in adequate quanti ties 
and at an acceptable cost with adequate control for worldwide deploy­
ment? 

2. What degree of protection would the antimisting fuel provide in 
post-crash fuel fires? 

a. A few minutes after refueling; i.e., typically in the take­
off case. 

b. At the end of a flight cycle; i.e., typically in the 
approach/landing case. 

3. What changes, if any, are necessary to enable a civil aircraft 
to use the antimisting fuel? For example, are changes necessary to 
fuel system tanks, pumps, filters, etc., and/or to the engine fuel 
management system? I 

4. Is it feasible in day-to-day commercial operation to blend the 
fuel at the fueling point? 

*	 A patent application covering this process was filed by GTA in 
February 1979. 



5. Must the antimisting fuel be degraded (subjected to some mechan­
ical shearing or other process) before it is suitable for operation in 
an engine system, and if so, how can this controlled degradation be 
achieved?" 

GTA, in connection with experimental work in the drag reduction field, 
has developed a process for rapidly (a few seconds) dissolving very 
high molecular weight polymers in liquid hydrocarbons with minimal 
degradation of the polymer. .~ potentially important benefit to the 
antimisting program would be the ability to examine a wide range of 
high molecular weight polymers which might otherwise have been dis­
missed from consideration for reasons relating to cost and difficulty 
of blending with JET A fuel. 

The GTA blending process utilizes cryofracturing to produce active 
surfaces on polymer particles which interact with a liquid hydrocarbon 
solvent accelerating the rate at which solutions are formed. The rate 
at which a polymer dissolves in a given solvent generally increases 
greatly when the proprietary GTA process is used over conventional 
processes. The GTA process both subdivides and activates surfaces of 
polymers in a colesive solid state, ensuring rapid progress toward 
thermodynamic equilibrium between dissolved polymer and solvent mole­
cules. Thermodynamically, polyisobutylene is an ideal solute for 
JET A and the GTA solution process is achieved rapidly. 

The compatability of polyisobutylene and an alkane rich solvent like 
JET A experimentally reflected in a viscosity which is a simple essen­
tially temperature independent, function of concentration. The visco­
sity of solutions of PIB in a thermodynamically favorable solvent is a 
function of the following type, at a constant temperature, T 

7[=7[s (1 + If) c + kc 2 + ... ) 

where ~is the viscosity of the solution at polymer concentration c,l s 
is the viscosi ty of the solvent, (t) is the intrinsic viscosity and k 
is the Huggin's constant. In the case of a solvent and polymer that 
are intrinsically compatible, the (f) and k terms are essentially in­
dependent of temperature over a very broad range. When the compati­
bi li ty is poor, (() and k are functions of a temperature with (1(? 
generally decreaslng with decreasing temperature down to the Theta 
temperature, at which point the solution is thermodynamically unstable 
and a colloid or gel phase is observed. The GTA process is not effec­
tive at temperatures below the Theta point. 

DESCRIPTION OF THE GTA BLENDING PROCESS. The system used consists of 
a hanuner mill cooled by liquid nitrogen, a variable flow positive dis­
placement pump for the JET A fuel, a fuel spray tube and housing for 
simultaneous mixing of the fuel and cryofractured polymer at controlled 
rates and a collection tank with a spigot (Figure 1). The flow of 
fuel into the spray tube is coordinated with the cryofracturing of the 
polymer to produce the desired concentration of polymer in JET A fuel. 
The pumping rate can be varied from 0.5 to 5 gallons per minute. Thus 
5 gallons of 0.3 percent concentration of polymer in JET A can be 
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FIGURE 1
 

BLOCK DIAGRAM OF CRYOFRACTURING
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produced in about 1 minute. 

While investigation of the operational feasibility of the GTA process 
is not a part of the current contract it is important to the under­
standing of the potential application of the GTA process in the anti­
mising program to know that polymer collected from the cryofracturing 
mill can be preserved at cryogenic temperatures in a cryogenic con­
tainer until it is introduced into a hydrocarbon liquid without losing 
its rapid blending characteristics. 

DISCUSSION 

GENERlI.L. 

The FAA chose two polymers to be blended with JET A by GTA using its 
proprietary process. The two polymers chosen were BASF's Oppanol 
B-230, a high molecular weight polyisobutylene, and ICI's FM-9. The 
test program was divided into two phases, the first phase dealing with 
Oppanol B-230, and the second phase with FM-9. Polyisobutylene was 
selected for demonstrating the GTA blending process because it is 
representative of a class of hydrocarbon additives that could impart 
antimisting behavior to JET A. It is one of the amorphous polyolefins 
that exhibit elastomeric properties, particularly at the higher mole­
culur weights. It was anticipated that Oppanol B-230 would provide a 
good test of the GTA blending process because of its very high mole­
cular weight (Figure 2). It was also anticipated that the ratio of 
elastic properties to viscosity at a given concentration would be 
higher than that exhibited in past studies based on lower molecular 
weight polyisobutylenes. This would be a consequence of the fact that 
as the molecular weight is increased the concentration required for a 
given level of antimisting behavior is decreased. 

The FAA provided a team to conduct quality control and screening tests 
of the antimisting behavior of GTA prepared samples of antimisting 
fuel blends. The tests were designed to determine (1) how quickly 
antimisting effectiveness was obtained, (2) the degree of antimisting 
protection provided and (3) the specifications of the resulting fuel. 
The test methods used for the antimisting evaluations were the Iner­
tial Rheometric Pump and the FAA's Flammability Comparison Test 
Apparatus. Standard fuel specification tests were conducted. 

GTA provided backup quality control and characterization test proce­
dures at its facility. A Brookfield, "Synchro-Lectric" viscometer, 
model LVT with a 0.75 inch diameter by 3 inch long cylindrical bob was 
used to quickly determine concentrations of polymer in antimisting 
fuel solutions produced by the GTA system. The calibration curve re­
lating the Brookfield viscosity reading to concentration is shown in 
Figure 3. This calibration curve was based on determining concentra­
tions by a gravimetric procedure. The polymer in a test solution was 
quantitatively precipitated out of JET A by adding acetone while 
stirring the mixture. The precipitated polymer was removed, washed 
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FIGURE 2 

RELATIONSHIP BETWEEN OPPANOL G~DE NUMBER 
AND VISCOSITY AVERAGE MOLECULAR WEIGHT 
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FIGURE 3 

CALIBRATION CURVE RELATION VISCOSITY 
CONCENTRATION OF B~230 IN JET A FUEL 
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three times with 100 ml addition of acetone and vacuum dried to con­
stant weight (under vacuum at 50oC). 

This procedure, used to establish the calibration curve for the 
Brookfield viscometer, was also used to measure the concentrations of 
polymer in each sample of Oppanol B-230/JET A fuel supplied to the FAA. 
This procedure provides a more accurate measure of concentration than 
the viscometer concentrations. The vacuum drying operation of the 
gravimetric procedure requires approximately 14 hours to complete. 
The vacuum drying procedure and apparatus is illustrated in Figure 4. 

The fuel spray tester shown in Figure 5 was used to screen antimisting 
behavior of prepared samples within a few minutes after completing the 
blending operation. This tester applies a pulsating pressure wave to 
a stream of liquid emerging from a 0.01 inch diameter orifice in a 
sapphire plate. Antimisting behavior relative to JET A or another 
reference sample of fuel can be observed directly. 

PHASE I. 

INITIAL_BLENDi~G TE§!. On October 8, 1980, a 10 gallon sample of 
Oppanol B-230 in JET A was prepared at the GTA facility in Gaithers­
burg, Maryland. The sample was delivered to the FAA Technical Center, 
Atlantic City, New Jersey on October 9, 1980. The concentration of 
B-230 was measured initially to be 0.3 percent using the viscosity­
concentration calibration curve (Figure 3). Subsequent gravimetric 
analysis showed the concentration to be 0.285 percent. Fuel speci­
fication tests were run on the 0.285 percent sample of October 10,1980 
at the FAA Technical Center. Summary FAA findings were: 

TEST RESULTS 

a. Water shedding Equal to JET A 

b. Water interface Equal to JET A 

c. Gum 4000 ppm 

d. Viscosity at 200 C 25 to 30 cps 

The first antimisting tests were run on the 0.285 percent sample on 
the same day. The Inertial Rheometric Pump indicated that the 0.285 
percent B-230/JET A fuel would demonstrate significant antimisting 
behavior. The same sample passed the complete range of tests conducted 
on the Flammability Comparison Test Apparatus. 

Upon completion of the first series of tests on October 10, 1980, FAA 
directed GTA to prepare the remaining 65 gallons of polymer samples 
called for under the contract using Oppanol B-230. The preparation 
and delivery schedule was as follows. 
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FIGURE 4 

VACUUM DRYING APPARATUS USED IN 
GRAVIMETRIC PROCEDURE FOR DETER­
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FIGURE 5 

BASIC PRINCIPLE OF DIP-TYPE 
SPRAY TESTER FOR SCREENING 
ANTIMISTING SOLUTIONS 
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CONCENTRATION
 
QUANTITY ORDERED BY CONCENTRATION PREPARATION DELIVERY
 

(GALLONS) FAA (W'I'%) DELIVERED DATE DATE
 -_.. _-----­
15 0.10 0.100 10/14/80 10/18/80 

10 .15 .139 10/14/80 10/18/80 

10 .15 .139 10/14/80 10/18/80 

20 .20 .178 10/14/80 10/18/80 

10 .30 .276 10/14/80 10/18/80 

FAA OBSERVED BLENDING TEST. A team from the FAA Technical Center 
visited the GTA facility on October 17, 1980, to conduct tests to de­
termine how rapidly a B-230/JET A blend reached antimisting effective­
ness. A portable Inertial Rheometric Pump was set up by the FAA team. 
A seven gallon sample of a B-230/JET A fuel mix was prepared using the 
GTA blending system. The sample was prepared in approximately 2 
minutes. 

Immediately upon completion of the blending operation a sample was 
taken for the Inertial Rheometric Pump test, the viscometer concentra­
tion check and the quick fuel spray test. The sample had a slightly 
turbid appearance. A portion of the sample was put under vacuum using 
a rotary oil vacuum pump. The turbidity disappeared within seconds 
indicating that the sample had ,contained trapped gas. The source of 
the gas was not determined. 

After allowing 1 to 2 minutes to warm the sample to 20 0 C theviscomet€r 
calibration curve revealed a concentration of 0.28 percent. The spray 
test was conducted within 2 to 3 minutes after completion of the poly­
mer-fuel blending operation. It produced a long thin stream of fuel 
instead of the profuse, fine mist characteristic of JET A. The FAA 
team using its Inertial Rheometric Pump determined that theantimisting 
character of the B-230/JET A sample was equivalent to that obtained 
from the B-230/JET A sample tested at the FAA Technical Center on 
October 10, 1980. 

Subsequent viscometer checks of the concentration of the B-230/JET A 
sample made at 20 minute intervals over the four hour period following 
the blending operation provided readings indicating no appreciable 
change in concentration within the sensitivity of the method. 

It is apparent from the blending test conducted for the FAA team that 
full antimisting effectiveness of the B-230/JET A sample was obtained 
within 3 to 4 minutes after introducing the polymer into the JET A 
fuel. The constant viscosity of the B-230/JET A sample from the 
initial viscometer readings at 3 to 4 minutes after the blending oper­
ation until the final reading 4 hours later substantiates this conclu­
sion. The results of the Inertial Rheometric Pump test and the visual 
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observations of the fuel spray test are additional support. 

RESULTS OF THE FLAMMABILITY COMPARISON TEST APPARATUS. A matrix of 73 
tests of B-230!JET A samples was-Conducted-at"-th-e-FAA Technical Center 
using the Flammability Comparison Test Apparatus (Table 1). A 0.285 
percent concentration from the first B-230/JET A sample delivered to 
the FAA passed all tests, confirming earlier FAA results. Initial 
tests with 0.139 percent and 0.178 percent samples produced anomolies 
which could not be accounted for from past test experiences. Proce­
dures were reviewed and a flush cycle was introduced between each 
test. Subsequent runs resulted in the 0.139 percent sample passing 
tests through 16 milliliters/second of fuel flow and 70 meters/second 
of air flow. The 0.178 percent sample passed tests through 18 milli­
liters/second of fuel flow and 70 meters/second of air flow. The 0.1 
percent sample which was tested before the change in test procedure 
passed the 10 milliliter/second tests at 50, 60 and 70 meters/second 
air flow and the 12 milliliters/second test at 50 meters/second air 
flow. 

TABLE 1 

FLAMMABILITY COMPARISON TEST APPARATUS 

CONCENTRATION FUEL FLOW AIR FLOW 
OF B-230 (WT%) (ML/SEC) (MTR/SEC) PASS/FAIL 

l. 0.285 10 50 pass 

2. .285 10 60 pass 

3 . .285 10 70 pass 

4. .285 12 50 pass 

5 . .285 12 60 pass 

6 . .285 12 70 pass 

7 . .285 14 50 pass 

8 . .285 14 60 pass 

9. .285 14 70 pass 

10. .285 16 50 pass 

ll. .285 16 60 pass 

12. .285 16 70 pass 

13. .285 18 50 pass 

14. .285 18 60 pass 
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TABLE 1 (CONT INUED)
__·•____ a ______••· 

FLAMMABILITY COMPARISON TEST APPARATUS 

CONCENTRATION FUEL FLOW AIR FLOW 
OF B-230(WT%) i~L!SE~l._ i~~I3/~.~~.2 PASS/FAIL 

15. 0.285 18 70 pass 

16. .285 19.5 50 pass 

17. .285 19.5 60 pass 

18. .285 19.5 70 pass 

19. .10 10 50 pass 

20. .10 10 60 marginal 

2l. .10 10 60 marginal 

22. .10 10 70 pass 

23. .10 10 55 pass 

24. .10 10 65 marginal 

25. .10 12 50 pass 

26. .10 12 60 fail 

27. .10 12 70 marginal 

28. .15 10 50 pass 

29. .15 10 60 pass 

30. .15 10 70 pass 

3l. .15 12 50 pass 

32. .15 12 60 pass 

33. .15 12 70 pass 

34. .15 14 50 fail 

35. .15 14 60 marginal 

36. .15 14 70 pass 

37. .15 16 70 pass 
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TABLE 1-----_._ ..-(CONTINUED) 

FLAMMABILITY COMPARISON TEST APPARATUS 

AIR FLOW 
(MTR!SEC) . ----­ PASS/FAIL 

70 fail 

60 marginal 

60 marginal 

60 pass 

50 pass 

50 fail 

50 fail 

50 pass 

60 pass 

70 pass 

50 marginal 

60 fail 

70 fail 

50 fail 

60 pass 

70 fail 

60 fail 

70 fail 

60 marginal 

70 incomplete 

70 pass 

70 pass 

CONCENTRATION 
OF B-230 (WT%)--._-----­

38. 0.15 

39. .15 

40. .15 

4l. .15 

42. .15 

43. .15 

44. .15 

45. .20 

46. .20 

47. .20 

48. .20 

49. .20 

50. .20 

5l. .20 

52. .20 

53. .20 

54. .20 

55. .20 

56. .20 

57. .20 

58. FLUSH CYCLE--_ ..-.---._._._._._-_._-------~_.-

59. .20 16 

60. .20 18 

FUEL FLOW 
(ML/SEC)--_._--­

18 

16 

14 

16 

16 

14 

18 

14 

14 

14 

16 

16 

16 

18 

18 

18 

19.5 

19.5 

18 

16 

INTRODUCED 
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TABLE 1 (CONTINUED)
-..... 

FLAMMABILITY COMPARISON TEST APPARATUS 

CONCENTRATION FUEL FLOW AIR FLOW 
OF B- 230 (WT %) (ML/SEC) (MTR/SEC) PASS/FAIL 

6l. 0.20 18 60 pass 

62. .20 16 60 pass 

63. .20 16 50 pass 

64. .20 18 50 pass 

65. .15 14 50 marginal. 

66. .15 14 60 pass 

67. .15 14 70 pass 

68. .15 16 50 fail 

69. .15 16 60 fail 

70. .15 16 70 pass 

7l. .15 18 50 marginal 

72. .15 18 60 marginal 

73. .15 18 70 fail 

The results of FM-9 tests in the Flammability Comparison TestApparatus 
were used as a comparison to determine the relative effectiveness of 
the B-230/JET A samples. The best result achieved by a 0.3 percent 
FM-9 fuel was a pass at 16 milliliter/second fuel flow and 60 meters/ 
second of air flow. It is concluded, therefore, that a 0.139 percent 
B-230/JET A fuel is at least equal in performance in the FAA's Flamma­
bility Comparison Test Apparatus to the 0.3 percent FM-9 fuel. 

PHASE II. 

TEST PROGRAM. The FM-9 additive used in the FM-9 antimisting fuel 
program is in the form of a fine powder. The GTA process requires 
breaking some intramolecular bonds and therefore, it is necessary 
that the polymer being blended be in a homogeneous solid state, there­
by permitting intramolecular stresses on molecules to exceed bond 
strengths. Since the manufacturer of FM-9 was unable to supply its 
additive in a form suitable for this program it was necessary to 
devise methods for consolidating and fusing the powdered polymer. 
Three approaches were selected by the FAA to be developed by GTA to 
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be applied to FM-9 to maximize the potential of its blending process. 

1. Pelletizing by pressure (10 tons per square inch for 2 to 3 
minutes) under vacuum. 

2. Melting under vacuum. 

3. Blending a 75 percent concentration of FM-9 in JET A. 

GTA also was to develop an approach for working with an FM-9 slurry 
mix, containing a carrier fluid. 

FM-9 is controlled as a proprietary product by its manufacturers. The 
assumption made in the test program was that the manufacturer would 
not make FM-9 available except for the actual preparation of FM-9/ 
JET A fuel blends and further that only limited information would be 
made available with regard to FM-9's chemical and physical properties. 
The test program, therefore, was to be designed using a substitute 
polymer to be selected by the contractor using only data found in the 
open literature. 

Pelletizing Under Vacuum. The Royal Aircraft Establishment 
supplied informatlon~o the-FAA indicating that F~1-9 powder took on 
the appearance of plexiglas when pelletized by pressure at 10 tons per 
square inch for 2 to 3 minutes under vacuum. 

A hydraulic press capable of exerting 30 tons per square inch on 
the ram was used to compress powder within a pellet cell with 1 1/8 
inch diameter piston and anvil faces. The pellet cell was modified to 
be used under vacuum. An electric hot air heat gun was used to adjust 
the temperature of the pellet cell. 

A substitute polymer for use in developing solidification and 
blending processes was selected on the basis of (1) information avail­
able in the open literature of the antimisting fuel program and (2) 
the report that FM-9 powder took on the appearance of plexiglas when 
sUbjected to 10 tons per square inch for 2 to 3 minutes in a vacuum 
cell. The second point of information is consistent with a relatively 
low softening or melting temperature. Assuming that FM-9 is plastici­
zer-free, the low softening point could be due to the presence of two 
mers, i.e., FM-9 would be a co-polymer. (The polarity of FM-9 is 
alluded to in the literature (reference 2). 

'1'0 be consistent with the information surrunarized above, a co­
polymer of polyvinylpyrrolidone and vinyl accetate (PVP/VA) was 
selected for protocol development and testing. It was found, however, 
that heat had to be applied to the cell during pressing in order to 
yield a fused pellet resembling plexiglas. Failure to heat the cell 
resulted in a dense, compressed powder pellet that fractured easily 
offering minimal opportunity to fracture covalent bonds. 

Although the selection of PVP/VA was believed to be consistent 
with the information available on FM-9, several other polymer powders 
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were tested in the pelletizing apparatus. These were polyvinyl ace­
tate (PVA) , prlyethylene oxide (Polyox), polypropylene (PP) and poly­
vinyl chloride (PVC). As expected none of these yielded pellets 
resembling plexiglas, even at pressures up to 100 tons per square 
inch (on a 1/2 inch diameter die, at room temperature (68 0F). PVA, 
for example, yielded a pellet after treatment at 100 tons per square 
inch for 2 minutes (vacuum applied) that could be abraded to flake off 
particles with finger pressure. In summary, GTA did not produce a 
satisfactory pellet using any of these candidates at a pressure of 10 
tons per square inch for 2 to 3 minutes under vacuum at ambient temp­
eratures. 

Satisfactory appearance (approaching the plexiglas condition) 
was approached by 6.3 grams of PVP/VA subjected to 10 tons per square 
inch (read on scale for a 1 1/4 inch die) and heated for 4 minutes. 
The outside cell temperature was 620 + 10C after heating. The cell 
was kept under pressure for a total elapsed time of 10 minutes. The 
resulting pellet measured 1.125 inch in diameter by 0.325 inch thick 
and had a density of 1.19 gram per cubic inch. 

Heat rather than pressure, was found to be the most critical 
requirement of the pelletizing operation. Pellets produced by heat 
and pressure treatment exhibited a slight asymmetry in the extent of 
fusion from top to bottom surface. The top of the pellet (facing the 
movable piston) appeared more resinous and clear than the bottom. 
The bottom surfaced (facing the anvil) had a more opaque appearance. 
This slight asymmetry was probably due to a temperature gradient run­
ning to lower temperatures at the anvil or the cell which was very 
close to the large heat sink comprising the base of the hydraulic 
press. 

After receiving the pelletizing test results, PVP/VA was selected 
for the pelletizing approach to fuel blending. The next step was to 
reduce the pellets to a size which could be handled by the cryofrac­
turing mill. It was determined that the pellets produced from PVP/VA 
could be shattered easily with a hammer. 

Finally, 50 grams of pellets were produced, shattered and ground 
in the cryofracturing mill in order to determine mill power and cooling 
requirements. This information was necessary to determine fuel flow 
rates for the blending process. It was established that the 94.2 
grams required to produce a 10 gallon fuel blend could becryofractured 
in 2 to 4 minutes. The flow rate of the fuel was established accord­
ingly (approximately 4 gallons per minute). 

Melting Under A Vacuum. No information was made available to 
contractor with regard-to-fusion of FM-9 prior to the day scheduled 
for blending with JET A at the GTA facilities. 

A National Appliance vacuum oven with a capability of maintain­
ing a temperature of 2000C was used with a rotary, oil-type vacuum 
pump. A teflon tray, with integral teflon pillars, was constructed 
to hold up to 275 grams of polymer (with a density of 1 gram per cubic 
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inch). The flexible container (10.5 inches x 7.5 inches x 2.5 inches) 
was designed so that fused polymer could be extracted in a form which 
could be fractured readily into 3/8 inch square pieces for use with 
the cryofracturing mill. 

In order to test the vacuum fusion and removal process, 5 gram 
samples of PVP/VA substitute polymer were placed on teflon and glass 
watch glasses, respectively, and placed in the vacuum oven. The 
samples were observed at various temperatures and times shown in 
Figure 6. The maximum temperature was l65 0 C and the heating cycle 
lasted 90 minutes. Both samples formed amber, resinous melts after 
300 minutes in the oven as shown in Figure 6. Cooled, fused samples 
of PVP/VA were easily removed from the teflon and readily fractured 
into 1/4 - 3/8 inch pieces for use in the cryofracturing mill. This 
material cryofractured easily, permitting 94.2 grams to be blended 
with 10 gallons of fuel over a 2 to 4 minute blending time at 4 
gallons per minute. 

~ 1e!1d O_~-22_~e r.<::e n!:~o f]~.E:~!E a t:_~<?~"_Q"!_"~M-.~~E._~~~._~' Ninety four 
point two (94.2) grams of PVP/VA powder was blended with 31.4 grams of 
JET A fuel forming a heavy slurry. The resulting slurry was placed 
into a small extruder. The slurry was extruded in drops into a con­
tainer containing liquid nitrogen. Frozen drops approximately 1/8 
inch diameter were formed. The frozen slurry of PVP/VA and JET A was 
easily run through the cryofracturing mill permitting 125.6 grams to 
be blended with 10 gallons of JET A in 2 to 4 minutes. The flow rate 
corresponds to 4 gallons per minute and the total time is 2.5 minutes. 

Blending An FM-9 Slurry In JET A. No information was made avail­
able regarding-the-physical properties of the FM-9 slurry. The 
approach established for the blend of FM-9 in JET A was adopted for 
the FM-9 slurry. 

APPLICATION OF THE GTA BLENDING PROCESS TO FM-9. 

PELLETIZING BY PRESSURE UNDER VACUUM. FM-9 powder was made available 
for the p"reparation -of-pellet·s"-onthe morning of January 6, 1981. An 
attempt was made to produce a 5 gram fused pellet in the press at 10 
tons per square inch for 2 to 3 minutes under vacuum at room tempera­
ture. The result was a packed powder which could be scraped away 
readily in powder form with a sharp instrument. 

It was Jecided to determine the minimal heat required to produce a 
satisfactory 5 gram pellet of FM-9. 

Test 1. A 5 gram sample of FM-9 was placed in the 1 1/8 inch 
diajij('c L'r ceTT and subj ected to evacuation for 2 mi nutes and then placed 
under 10-12 tons per square inch while heating for 3 minutes. The 
sample was left under pressure for an additional 4 minutes while 
cooling. There was some evidence of fusion, particularly on the pis­
ton side of the pellet. It was decided that the vacuum jacket should 
be removed to increase the temperature of the pellet during the heat­
ing period. 
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Test 2. A 7 gram sample of FM-9 was placed in the pressure cell 
and after evacuating for 2 minutes, was SUbject to the 10-12 tons per 
square inch pressure while being heated for 5 minutes. A thermometer 
placed on the outer surface of the cell registered a maximum tempera­
ture of 75 0 e. The cell was allowed to cool under pressure for an 
additional 10 minutes. The appearance was improved over the result 
of Test 1. It was difficult to fit the cell under the press piston 
and it was decided that the sample size be held to less than 7 grams. 

Test 3. A 5 gram sample of FM-9 was placed in the pressure cell 
and the-cell was placed in the vacuum jacket. Prior to compression, 
the sample was evacuated for 3 minutes. The cell and vacuum jacket 
were placed in the press and subjected to 10-12 tons per square inch 
and heat for 7 minutes. A temperature of 52 0 e registered at the sur­
face of the vacuum jacket. After disassembly, a temperature of 53 0 e 
registered on the surface of the pressure cell. 

Test 4. A 5 gram sample of FM-9 was subjected to 10-12 tons per 
square:Lnch-and heated for 5 minutes. The maximum temperature regis­
tered on the outside of the vacuum jacket was 60oe. Heating was con­
tinued for an additional 5 minutes. The surface temperature at the 
end of the second heating period was 70oe. It was decided to apply 
vacuum to the sample prior to heating under pressure in order to 
achieve higher ~ellet te~?eratures. 

Test 5. A 5 gram sample of FM-9 was placed under vacuum at room 
temperature.· The sample was compressed under vacuum and subjected to 
10-12 tons per square inch at room temperature for 2 minutes. The 
vacuum jacket was removed and the pressure cell was subjected to 10-12 
tons per square inch while being heated for 5 minutes. The outside 
temperature of the cell was 78 oe. 

Tes~_~. A 5 gram sample of FM-9 was evacuated and compressed as 
in Test 5 at 10-12 tons per square inch at room temperature. The 
vacuum jacket was removed as in Test 5 with subsequent heating for 7 
minutes at 10-12 tons per square inch. The temperature maximum ob­
served at the outside of cell surface was between 88 and 90oe. The 
cell was removed after 10 minutes elapsed time and the pellet was 
removed while hot. 

Sufficient pellets were prepared to total 95.5 grams. The 
pellets were placed in a polyethylene bag and were fractured by hand 
into approximately 1/8 inch to 1/4 inch pieces. The fragments of 
pelletized FM-9 were cooled in liquid nitrogen and introduced in GTA's 
cryofracturing mill at an average rate of approximately 38.2 grams per 
minute. A mix of 95.5 grams in 10 gallons of JET A was produced in 
approximately 2.5 minutes. 

A sample of FM-9 JET A fuel mix was taken from the spigot of the 
collecting barrel approximately 30 seconds after completion of the 
blending operation. At first, the appearance of the FM-9/JET A mix 
suggested that the FM-9 was going into solution. Within 2 minutes, 
however, flocculation was observed and shortly thereafter the FM-9 
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appeared to separate from the JET A. A second sample taken from the 
collection barrel showed a distinct separation of the FH-9 from the 
JET A confirming the first observation. 

The contents of the collection barrel was drained into two 5 
gallon containers. It was then observed that a major portion of the 
FM-9 had settled at the bottom of the barrel in a slightly swollen 
form. 

GTA learned from the representative of Southwest Research Insti­
tute that batch-blending of FM-9 powder without carrier with JET A was 
accomplished at elevated temperatures. As a result an attempt was 
made to dissolve cryofractured FM-9 particles in JET A which had been 
preheated to a temperature of 1000F. Approximately 200 mls of JET A 
was heated to 1000F on a electric hot plate. The 25 grams of FM-9 
particles was cryofractured into a vessel containing li.quid nitrogen. 
Most of the liquid nitrogen was allowed to boil off. A slurry contain­
ing approximately 1 gram of FM-9 powder and a small amount of liquid 
nitrogen was introduced into the heated JET A. There was no evidence 
that any of the FM-9 went into solution. 

MELTING THE FM-9 UNDER VACUUM. Shortly after the arrival of the FM-9 
powder on the moinl"ngof-JarlUary 6, 1981 information was received from 
the FAA that the manufacturer of FM-9 stated that the "FM-9 powder 
flow point is 100oC." A test run on a heated-stage melting point 
apparatus indicated that the FM-9 supplied to GTA began to flow at 
2000 C and melted at 230oC. There was some evidence of decomposition. 
The melting point test was repeated a second time with an identical 
result. 

A 105 gram sample of FM-9 powder was placed in the teflon tray and 
placed into the vacuum oven. The temperature was set on maximum. 
After approximately 1 hour the temperature stabilized near 200°C. 
There was evidence of yellowing, browning and decomposition of the 
FM-9. The powder volume reduced as the heating process continued. A 
liquid collected in the liquid nitrogen trap in the vacuum line. It 
was determined that this approach could not be used to prepare a fused 
sample of FM-9. After cooling, inspection of the vacuum trap revealed 
the presence of a liquid that probably resulted from the decomposition 
of FM-9. 

In a second attempt at fusing FM-9, a 104 gram sample of the polymer 
was placed in a 500 ml round-bottom flask. The flask was evacuated 
and heated in a Glas Col heating mantle. Browning was noted as the 
powder in contact with the surface of the flask appeared to melt. 
Bubbling was observed in the liquid regions. Over a 1 hour period, 
the congealed mass revealed colors passing from yellow through black 
with the darker colors appearing closer to the surface of the flask. 

After cooling and removing the mass, condensed liquids were found in 
the vacuum lines and liquid nitrogen trap. Due to decomposition, a 
fused sample of FM-9 could not be prepared by heating under vacuulTI. 
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BLEND OF 75 PERCENT CONCENTRATION OF FM-9 IN JET A. An attempt to 
produce a slurry consISting of 75 percent FM-9 powder and 25 percent 
JET A produced a slightly wetted powder. Increasing amounts of JET A 
(seven consecutive additions of 34.5 grams of JET A to 107 grams of 

FM-9) finally produced a fully wetted powder at a composition of 31 
percent FM-9 powder and 69 percent JET A. The resulting slurry could 
not be expelled from the GTA extruder and was subsequently separated 
by hand into 1/8 to 1/4 inch chunks. These were dropped into liquid 
nitrogen for freezing prior to grinding. 

Three hundred forty-eight (348) grams of the frozen FM-9/JET A parti­
cles were cryofractured into 10 gallons of JET A with the intention of 
producing a 0.3 percent blend of FM-9 in JET A. Immediately upon com­
pletion of the blending operation a 200 ml sample was drawn from the 
spigot of the collection barrel. Visual observation indicated that 
the FM-9 had not dissolved appreciably in the JET A. Tests carried 
out by the FAA observer team appeared to reach the same conclusion. 

The collection barrel was drained into two 5 gallon cans. A large 
mass of swollen polymer was found at the bottom of the barrel. 

BLENDING FM-9 SLURRY INTO JET A. A can of premixed FM-9 slurry was 
brought-to GTA by~he-representative of the Southwest Research Insti­
tute. It proved to be a wetted powder and not susceptible to extru­
sion in the GTA extruder. The FM-9 slurry was separated by hand into 
particles of a size which could be processed by the cryofracturing 
mill. The particles were then frozen in liquid nitrogen. 

The FM-9 slurry is comprised of 32 percent FM-9i the rest being a 
glycol and amine mixture. Three hundred (300) grams of the slurry 
were cryofractured in 12 gallons of JET A to produce a 0.3 percent. 
solution of FM-9 in JET A. 

A sample of the FM-9 slurry/JET A fuel mix was taken from the collec­
tion barrel immediately after the blending operation was completed. 
The sample was turbid in appearance, indicating that the FM-9 had not 
gone into solution. In an attempt to enhance solution a drawn sample 
was placed in an erlenmeyer flask and stirred with a magnetic stirrer. 
This attempt resulted in a separation of the FM-9 from the JET A 
solvent. 

Samples of the FM-9 slurry/JET A fuel mix drawn from the collection 
barrel after 15 minutes were less turbid suggesting that the FM-9 was 
going into solution. Since the FM-9 slurry is designed to go into 
solution 15 minutes after agitation, an attempt was made to put FM-9 
slurry directly into solution in JET A in a beaker. Agitation was 
provided by a magnetic stirrer during the addition and thereafter. 
There was no visual evidence that the FM-9 slurry was in solution at 
or beyond 15 minutes elapsed time. 

After 30 minutes, observations were made of the initial sample drawn 
from the collection barrel immediately after blending. The sample 
had cleared considerably and was evidently going into solution. Two 

- 20 ­



hours later this sample still had some turbidity. 

CONCLUSIONS 

1. The GTA blending process produced a blend of Oppanol B-230 and 
JET A fuel which had antimisting behavior within minutes after the 
blending operation began. 

2. Tests of a 0.139 percent concentration of Oppanol B-230 in JET A 
in the FAA's Flammability Comparison Test Apparatus indicate flamma­
bility suppression roughly equivalent to a 0.3 percent FM-9 fuel with 
carrier. 

3. The GTA blending process was not effective in blending FM-9 
powder as supplied by the manufacturer in JET A. 

4. The GTA process did not put an FM-9 slurry (with carrier) in 
solution instantaneously. 

- 21 ­



LIST OF REFERENCES
 

1.	 "Engineering and Development Program Plan Antimisting Fuel," 
Report No. FAA-ED-18-4, June 1980 . 

. 2.	 Mannheimer, R.J., "Restoring Essential Flow and Ignition 
Properties to Antimisting Kerosene (AMK) For Turbine Aircraft 
Operations," Report No. FAA-RD-79-62. 

- 22 ­


	Structure Bookmarks
	Report No. FAA-CT-81-51 
	FAA WJH Technical Center 
	I111111 11m 11111 11111 1111111111 11111 1111111111111 
	00090635 
	APPLICATION OF GENERAL TECHNOLOGY. APPLICATIONS, INCORPORATED (GTA). BLENDING PROCESS TO ANTI MISTING FUEL. ADDITIVES. 
	1.
	, 
	J.C. Trippe 
	Dr. Paul Waters Dr. Albert Hadermann 
	General Technology Applications, Inc. Arlington, Virginia 22209 
	... 
	.~

	FINAL REPORT 
	, 
	MAY 1981 
	MAY 1981 
	Document IS available to the U S public through. the National Tectl111cal Information Service,. Sp~ Ingfleld, Virginia 22161 .. 
	Prepared for 
	U. S. DEPARTMENT OF TRANSPORTATION 
	U. S. DEPARTMENT OF TRANSPORTATION 
	FEDERAL AVIATION ADMINISTRATION TECHNICAL CENTER 
	NOTICE 
	This document is disseminated under the sponsorship of the Department of Transportation in the interest of 
	information exchange. The United States Government assumes no liability for the contents or use thereof. 
	The United States Government does not endorse products or manufacturers. Trade or manufacturer·s names appear herein solely because they are considered essential to the object of this report. 
	Technical Repart Documentation Page 
	1. 
	1. 
	1. 
	Report No. 
	2. 
	Govert,ment 
	Accession No. 
	3. 
	Reciplent's Catalog No. 

	TR
	FAA-CT-81-51 

	4. 
	4. 
	Tlfle and Sub'lfle 
	5. 
	Reporl r)ale 


	May 1981
	Application of General Technology Appli­
	Performing Organi lot.on Code.
	Table
	TR
	6.. 8.. 

	TR
	10.. 



	cations, Incorporated (GTA) Blending 
	Process to Antimisting Fuel Additives 
	Performing Organization Report No.. 7 Author's:. 
	J.C. Trippe, P.F. Waters, A.F. Hadermann 
	Work Un,t No (TRAIS)
	9. Performing Orgonlzotlon Nome and Address 
	I 
	General Technology Applications, Inc.
	I 

	1901 North Fort Myer Drive, Suite 1015
	I 

	I 
	Arlington, Virginia 22209 
	! 

	, 
	12. Sponsoring Agency Name and Address 
	, 
	May 1981
	U. S. Department Jf Transportation i Federal Aviation Administration Technical Center 
	I 

	" 
	City, New Jersev 08405 
	I 
	Atlantic 

	Table
	TR
	I\. Contract or Grant No. DTFA03-80-C-00070 Covered

	13. Type 0/ Report and Period Final Report August 1980 ­14. Sponsoring Agency Code ACT-320 
	13. Type 0/ Report and Period Final Report August 1980 ­14. Sponsoring Agency Code ACT-320 


	15. Supplementary Notes 
	I 
	I 
	I I 
	, 16 Abstract 
	Figure

	This program C'Xilm i nt?s the applicability of a proprietarv blendinq process to blending antimisting additives in JET A aviation fuel. The first phase of the program covers Use of the process with a high molecular weight polyisobutylene. The second phase cOVers the use of the process with Imperial Chemical Industries, Ltd's proprietary polymer, FM-9. The results of the proqram indicate that hiqh molecular weight polyisobutylene can be blended rapidly with JET A using the proprietary process and that the r
	(~V i dence that the proprietary process is effective in the 
	was no 

	I 
	blendinq of Ft1-9 in JET A. 
	17. Key Words 
	Antimisting fuels. Polymer Solvation. 
	18. DistributIon Statement 
	Document is available to the public through the National Techni­cal Information Service, Springfield Virqinia 22151. 
	20. Securoty Clossil. (0/ this page) 21. No. 0/ Page. n. Price
	19 Securoly Classd. (of thIS report) 
	Unclassified
	Unclassified 
	22 
	Form DOT F 1700.7 18-72) Rep,oduction of completed page authorized 
	l 
	TABLE OF CONTENTS. 
	Page 
	INTRODUCTION
	INTRODUCTION
	INTRODUCTION
	..... 
	1. 

	PURPOSE . 
	PURPOSE . 
	.. . 
	1. 

	BACKGROUND. 
	BACKGROUND. 
	. . . . . . 
	...• 
	1. 

	DESCRIPTION OF THE GTA BLENDING PROCESS 
	DESCRIPTION OF THE GTA BLENDING PROCESS 
	2. 

	DISCUSSION
	DISCUSSION
	. .. 
	4. 

	GENERAL..•.. 
	GENERAL..•.. 
	.............. 
	4. 

	1?HASE I 
	1?HASE I 
	..•. 
	7. 

	INITIAL BLENDING TEST . 
	INITIAL BLENDING TEST . 
	7. 

	FAA OBSERVED BLENDING TEST
	FAA OBSERVED BLENDING TEST
	.. 
	9. 

	RESULTS OF THE FLAMMABILITY COMPARISON TEST APPARATUS 
	RESULTS OF THE FLAMMABILITY COMPARISON TEST APPARATUS 
	. . 
	10. 

	PHASE II. 
	PHASE II. 
	. ... 
	13. 
	TEST PROGRk~. 
	....... .•.
	13. 

	APPLIC1>.TION OF THE GTA BLENDING PROCESS TO F!1-9 
	APPLIC1>.TION OF THE GTA BLENDING PROCESS TO F!1-9 
	. . . . .. 
	16. 

	PELLETIZING BY PRESSURE UNDER VACUUM. . . . . . . 
	PELLETIZING BY PRESSURE UNDER VACUUM. . . . . . . 

	16. 
	MELTINGTHEFM-9 UNDERVACUUf1 
	MELTINGTHEFM-9 UNDERVACUUf1 
	. . . . . . . . . . . . . .. 
	19. 

	BLEND OF A 75% CONCENTRATION OF FM-9 IN JET A 
	BLEND OF A 75% CONCENTRATION OF FM-9 IN JET A 
	. . . . . .. 
	20. 

	BLENDING FM-9 SLURRY INTO JET A . . 
	BLENDING FM-9 SLURRY INTO JET A . . 
	.. .... 
	20. 


	21
	21
	CONCLUSIONS . . . . 

	22
	LIST OF REFERENCES. 
	ii 
	LIST 
	LIST 
	LIST 
	OF 
	ILLUSTRATIONS 

	Figure 
	Figure 
	Page 

	1 
	1 
	Block Diagram of Cryofracturing Polymer Solution Process 
	3 

	2 
	2 
	Relationship Between Oppanol Number and Viscosity Average Molecular Weight 
	Grade 
	s 

	3 
	3 
	Calibration Curve Relating Viscosity to Concentration of B-230 in JET A at t = 200 C + O.SoC 
	6 

	4 
	4 
	Vacuum Drying Apparatus Used in Gravimetric Procedure for Determining Polymer Concentration 
	8 

	s 
	s 
	Basic Principle of Dip-Type Spray Tester For Screening Antimisting Solutions 
	8 

	6 
	6 
	Vacuum Oven Fusion Substitute Polymer 
	of 
	PVP/VA 
	17 


	III 
	ACKNOWLEDGMENTS. 
	General 
	General 
	General 
	Technology Applications, 
	Inc., 
	appreciates 
	the 
	support 

	of Mr. 
	of Mr. 
	Bruce 
	Fenton 
	and 
	Mr. 
	Thomas 
	Gustavino 
	from 
	the 
	Federal Avia­

	tion Administration Technical Center 
	tion Administration Technical Center 
	and 
	Dr. 
	R.J. 
	Mannheimer 
	of 
	the 

	Southwest 
	Southwest 
	Research 
	Institute. 


	INTRODUCTION. 
	PURPOSE.. 
	The Federal Aviation Administration (FAA) Antimisting Fuel Program is currently investigating the use of an Imperial Chemical Industries, Ltd., (ICI) proprietary polymer additive designed to increase the antimisting characteristics of typical jet engine fuels. General Technology Applications, Inc., (GTA) has a proprietary process for rapidly dissolving high molecular weight polymers, such as those known to have antimisting qualities in hydrocarbon liquids.* Appli­cation of the GTA blending process to the FA
	BACKGROUND. 
	The FAP, Antimisting Fuel Program has been in progress for approxi­mately three years. Recent work by the FAA has identified fuels in which the misting properties have been decreased by addition of rela­tively low concentrations (e.g., 3000 ppm) of very high molecular weight polymers. The FAA's Engineering and Development Program Plan for Antimisting Fuel defines the critical issues facing commerciali­zation of antimisting fuels. (1) They are: 
	"1. . Can the modified fuel be made available in adequate quantities 
	and at an acceptable cost with adequate control for worldwide deploy­ment? 
	2. What degree of protection would the antimisting fuel provide in post-crash fuel fires? 
	a. 
	a. 
	a. 
	A few minutes after refueling; i.e., typically in the take­off case. 

	b. 
	b. 
	At the end of a flight cycle; i.e., typically in the approach/landing case. 


	3. 
	3. 
	3. 
	What changes, if any, are necessary to enable a civil aircraft to use the antimisting fuel? For example, are changes necessary to fuel system tanks, pumps, filters, etc., and/or to the engine fuel management system? I 

	4. 
	4. 
	Is it feasible in day-to-day commercial operation to blend the fuel at the fueling point? 


	g this process was filed by GTA in February 1979. 
	*. 
	A patent application coverin

	5. Must the antimisting fuel be degraded (subjected to some mechan­ical shearing or other process) before it is suitable for operation in an engine system, and if so, how can this controlled degradation be achieved?" 
	GTA, in connection with experimental work in the drag reduction field, 
	has developed a process for rapidly (a few seconds) dissolving very 
	high molecular weight polymers in liquid hydrocarbons with minimal degradation of the polymer. .~ potentially important benefit to the 
	antimisting program would be the ability to examine a wide range of high molecular weight polymers which might otherwise have been dis­missed from consideration for reasons relating to cost and difficulty of blending with JET A fuel. 
	The GTA blending process utilizes cryofracturing to produce active 
	surfaces on polymer particles which interact with a liquid hydrocarbon 
	solvent accelerating the rate at which solutions are formed. The rate 
	at which a polymer dissolves in a given solvent generally increases greatly when the proprietary GTA process is used over conventional 
	processes. The GTA process both subdivides and activates surfaces of polymers in a colesive solid state, ensuring rapid progress toward 
	thermodynamic equilibrium between dissolved polymer and solvent mole­cules. Thermodynamically, polyisobutylene is an ideal solute for JET A and the GTA solution process is achieved rapidly. 
	The compatability of polyisobutylene and an alkane rich solvent like JET A experimentally reflected in a viscosity which is a simple essen­tially temperature independent, function of concentration. The visco­sity of solutions of PIB in a thermodynamically favorable solvent is a 
	function of the following type, at a constant temperature, T 
	7[=7[s (1 + If) c + kc +... ) 
	2 

	where ~is the viscosity of the solution at polymer concentration c,l s is the viscosi ty of the solvent, (t) is the intrinsic viscosity and k 
	is the Huggin's constant. In the case of a solvent and polymer that are intrinsically compatible, the (f) and k terms are essentially in­dependent of temperature over a very broad range. When the compati­bi lity is poor, (() and k are functions of a temperature with (1(? generally decreaslng with decreasing temperature down to the Theta temperature, at which point the solution is thermodynamically unstable and a colloid or gel phase is observed. The GTA process is not effec­tive at temperatures below the Th
	DESCRIPTION OF THE GTA BLENDING PROCESS. The system used consists of a hanuner mill cooled by liquid nitrogen, a variable flow positive dis­placement pump for the JET A fuel, a fuel spray tube and housing for simultaneous mixing of the fuel and cryofractured polymer at controlled rates and a collection tank with a spigot (Figure 1). The flow of fuel into the spray tube is coordinated with the cryofracturing of the polymer to produce the desired concentration of polymer in JET A fuel. The pumping rate can be
	FIGURE 1. 
	BLOCK DIAGRAM OF CRYOFRACTURING. POLYMER SOLUTION PROCESS. 
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	produced in about 1 minute. 
	While investigation of the operational feasibility of the GTA process is not a part of the current contract it is important to the under­standing of the potential application of the GTA process in the anti­mising program to know that polymer collected from the cryofracturing mill can be preserved at cryogenic temperatures in a cryogenic con­tainer until it is introduced into a hydrocarbon liquid without losing its rapid blending characteristics. 
	DISCUSSION 
	GENERlI.L. 
	The FAA chose two polymers to be blended with JET A by GTA using its proprietary process. The two polymers chosen were BASF's Oppanol B-230, a high molecular weight polyisobutylene, and ICI's FM-9. The test program was divided into two phases, the first phase dealing with Oppanol B-230, and the second phase with FM-9. Polyisobutylene was selected for demonstrating the GTA blending process because it is representative of a class of hydrocarbon additives that could impart antimisting behavior to JET A. It is 
	The FAA provided a team to conduct quality control and screening tests of the antimisting behavior of GTA prepared samples of antimisting fuel blends. The tests were designed to determine (1) how quickly antimisting effectiveness was obtained, (2) the degree of antimisting protection provided and (3) the specifications of the resulting fuel. The test methods used for the antimisting evaluations were the Iner­tial Rheometric Pump and the FAA's Flammability Comparison Test Apparatus. Standard fuel specificati
	GTA provided backup quality control and characterization test proce­dures at its facility. A Brookfield, "Synchro-Lectric" viscometer, model LVT with a 0.75 inch diameter by 3 inch long cylindrical bob was used to quickly determine concentrations of polymer in antimisting 
	fuel solutions produced by the GTA system. The calibration curve re­lating the Brookfield viscosity reading to concentration is shown in Figure 3. This calibration curve was based on determining concentra­
	tions by a gravimetric procedure. The polymer in a test solution was quantitatively precipitated out of JET A by adding acetone while 
	stirring the mixture. The precipitated polymer was removed, washed 
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	three times with 100 ml addition of acetone and vacuum dried to con­stant weight (under vacuum at 50C). 
	o

	This procedure, used to establish the calibration curve for the Brookfield viscometer, was also used to measure the concentrations of polymer in each sample of Oppanol B-230/JET A fuel supplied to the FAA. This procedure provides a more accurate measure of concentration than the viscometer concentrations. The vacuum drying operation of the gravimetric procedure requires approximately 14 hours to complete. The vacuum drying procedure and apparatus is illustrated in Figure 4. 
	The fuel spray tester shown in Figure 5 was used to screen antimisting behavior of prepared samples within a few minutes after completing the blending operation. This tester applies a pulsating pressure wave to a stream of liquid emerging from a 0.01 inch diameter orifice in a sapphire plate. Antimisting behavior relative to JET A or another reference sample of fuel can be observed directly. 
	PHASE I. 
	INITIAL_BLENDi~G TE§!. On October 8, 1980, a 10 gallon sample of Oppanol B-230 in JET A was prepared at the GTA facility in Gaithers­burg, Maryland. The sample was delivered to the FAA Technical Center, Atlantic City, New Jersey on October 9, 1980. The concentration of B-230 was measured initially to be 0.3 percent using the viscosity­concentration calibration curve (Figure 3). Subsequent gravimetric analysis showed the concentration to be 0.285 percent. Fuel speci­fication tests were run on the 0.285 perce
	TEST 
	TEST 
	TEST 
	RESULTS 

	a. 
	a. 
	Water 
	shedding 
	Equal 
	to 
	JET 
	A 

	b. 
	b. 
	Water 
	interface 
	Equal 
	to 
	JET 
	A 

	c. 
	c. 
	Gum 
	4000 
	ppm 

	d. 
	d. 
	Viscosity 
	at 
	200 C 
	25 
	to 
	30 
	cps 


	The first antimisting tests were run on the 0.285 percent sample on the same day. The Inertial Rheometric Pump indicated that the 0.285 percent B-230/JET A fuel would demonstrate significant antimisting behavior. The same sample passed the complete range of tests conducted on the Flammability Comparison Test Apparatus. 
	Upon completion of the first series of tests on October 10, 1980, FAA directed GTA to prepare the remaining 65 gallons of polymer samples called for under the contract using Oppanol B-230. The preparation and delivery schedule was as follows. 
	-7­
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	CONCENTRATION. QUANTITY ORDERED BY CONCENTRATION PREPARATION DELIVERY. (GALLONS) FAA (W'I'%) DELIVERED DATE DATE. 
	-_.. _-----­
	15 0.10 0.100 10/14/80 10/18/80 
	15 0.10 0.100 10/14/80 10/18/80 
	15 0.10 0.100 10/14/80 10/18/80 

	10 .15 .139 10/14/80 10/18/80 
	10 .15 .139 10/14/80 10/18/80 

	10 .15 .139 10/14/80 10/18/80 
	10 .15 .139 10/14/80 10/18/80 


	20 
	.20 .178 10/14/80 10/18/80 
	10 .30 .276 10/14/80 10/18/80 
	FAA OBSERVED BLENDING TEST. A team from the FAA Technical Center visited the GTA facility on October 17, 1980, to conduct tests to de­
	termine how rapidly a B-230/JET A blend reached antimisting effective­ness. A portable Inertial Rheometric Pump was set up by the FAA team. A seven gallon sample of a B-230/JET A fuel mix was prepared using the GTA blending system. The sample was prepared in approximately 2 minutes. 
	Immediately upon completion of the blending operation a sample was 
	taken for the Inertial Rheometric Pump test, the viscometer concentra­
	tion check and the quick fuel spray test. The sample had a slightly 
	turbid appearance. A portion of the sample was put under vacuum using a rotary oil vacuum pump. The turbidity disappeared within seconds indicating that the sample had ,contained trapped gas. The source of 
	the gas was not determined. 
	After allowing 1 to 2 minutes to warm the sample to 20C theviscomet€r calibration curve revealed a concentration of 0.28 percent. The spray test was conducted within 2 to 3 minutes after completion of the poly­mer-fuel blending operation. It produced a long thin stream of fuel instead of the profuse, fine mist characteristic of JET A. The FAA team using its Inertial Rheometric Pump determined that theantimisting character of the B-230/JET A sample was equivalent to that obtained from the B-230/JET A sample 
	0 

	Subsequent viscometer checks of the concentration of the B-230/JET A sample made at 20 minute intervals over the four hour period following the blending operation provided readings indicating no appreciable change in concentration within the sensitivity of the method. 
	It is apparent from the blending test conducted for the FAA team that full antimisting effectiveness of the B-230/JET A sample was obtained within 3 to 4 minutes after introducing the polymer into the JET A fuel. The constant viscosity of the B-230/JET A sample from the initial viscometer readings at 3 to 4 minutes after the blending oper­ation until the final reading 4 hours later substantiates this conclu­sion. The results of the Inertial Rheometric Pump test and the visual 
	-9_. 
	observations of the fuel spray test are additional support. 
	RESULTS OF THE FLAMMABILITY COMPARISON TEST APPARATUS. A matrix of 73 
	tests of B-230!JET A samples was-Conducted-at"-th-e-FAA Technical Center using the Flammability Comparison Test Apparatus (Table 1). A 0.285 percent concentration from the first B-230/JET A sample delivered to the FAA passed all tests, confirming earlier FAA results. Initial tests with 0.139 percent and 0.178 percent samples produced anomolies which could not be accounted for from past test experiences. Proce­dures were reviewed and a flush cycle was introduced between each test. Subsequent runs resulted in
	TABLE 1 
	FLAMMABILITY COMPARISON TEST APPARATUS 
	CONCENTRATION FUEL FLOW AIR FLOW OF B-230 (WT%) (ML/SEC) (MTR/SEC) PASS/FAIL 
	l. 0.285 10 50 pass 
	2. .285 10 60 pass 
	3 . .285 10 70 pass 
	4. .285 12 50 pass 
	5 . .285 12 60 pass 
	5 . .285 12 60 pass 
	5 . .285 12 60 pass 

	6 . .285 12 70 pass 
	6 . .285 12 70 pass 

	7 . .285 14 50 pass 
	7 . .285 14 50 pass 

	8 . .285 14 60 pass 
	8 . .285 14 60 pass 


	9. 
	9. 
	9. 
	.285 14 70 pass 

	10. 
	10. 
	.285 16 50 pass ll. .285 16 60 pass 


	12. 
	12. 
	12. 
	.285 16 70 pass 

	13. 
	13. 
	.285 18 50 pass 

	14. 
	14. 
	.285 18 60 pass 


	TABLE 1 (CONT INUED)__·•____a ______••· 
	TABLE 1 (CONT INUED)__·•____a ______••· 
	TABLE 1 (CONT INUED)__·•____a ______••· 

	FLAMMABILITY 
	FLAMMABILITY 
	COMPARISON 
	TEST 
	APPARATUS 

	CONCENTRATION 
	CONCENTRATION 
	FUEL 
	FLOW 
	AIR 
	FLOW 

	OF 
	OF 
	B-230(WT%) 
	i~L!SE~l._ 
	i~~I3/~.~~.2 
	PASS/FAIL 

	15. 
	15. 
	0.285 
	18 
	70 
	pass 

	16. 
	16. 
	.285 
	19.5 
	50 
	pass 

	17. 
	17. 
	.285 
	19.5 
	60 
	pass 

	18. 
	18. 
	.285 
	19.5 
	70 
	pass 

	19. 
	19. 
	.10 
	10 
	50 
	pass 

	20. 
	20. 
	.10 
	10 
	60 
	marginal 

	2l. 
	2l. 
	.10 
	10 
	60 
	marginal 

	22. 
	22. 
	.10 
	10 
	70 
	pass 

	23. 
	23. 
	.10 
	10 
	55 
	pass 

	24. 
	24. 
	.10 
	10 
	65 
	marginal 

	25. 
	25. 
	.10 
	12 
	50 
	pass 

	26. 
	26. 
	.10 
	12 
	60 
	fail 

	27. 
	27. 
	.10 
	12 
	70 
	marginal 

	28. 
	28. 
	.15 
	10 
	50 
	pass 

	29. 
	29. 
	.15 
	10 
	60 
	pass 

	30. 
	30. 
	.15 
	10 
	70 
	pass 

	3l. 
	3l. 
	.15 
	12 
	50 
	pass 

	32. 
	32. 
	.15 
	12 
	60 
	pass 

	33. 
	33. 
	.15 
	12 
	70 
	pass 

	34. 
	34. 
	.15 
	14 
	50 
	fail 

	35. 
	35. 
	.15 
	14 
	60 
	marginal 

	36. 
	36. 
	.15 
	14 
	70 
	pass 

	37. 
	37. 
	.15 
	16 
	70 
	pass 
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	TABLE 1
	(CONTINUED) 
	-----_._
	..-

	FLAMMABILITY COMPARISON TEST 
	APPARATUS 
	APPARATUS 
	APPARATUS 

	AIR FLOW 
	AIR FLOW 

	(MTR!SEC) . ----­
	(MTR!SEC) . ----­
	PASS/FAIL 

	70 
	70 
	fail 

	60 
	60 
	marginal 

	60 
	60 
	marginal 

	60 
	60 
	pass 

	50 
	50 
	pass 

	50 
	50 
	fail 

	50 
	50 
	fail 

	50 
	50 
	pass 

	60 
	60 
	pass 

	70 
	70 
	pass 

	50 
	50 
	marginal 

	60 
	60 
	fail 

	70 
	70 
	fail 

	50 
	50 
	fail 

	60 
	60 
	pass 

	70 
	70 
	fail 

	60 
	60 
	fail 

	70 
	70 
	fail 

	60 
	60 
	marginal 

	70 
	70 
	incomplete 

	70 
	70 
	pass 

	70 
	70 
	pass 


	CONCENTRATION OF B-230 (WT%)
	--._-----­
	38. 
	38. 
	38. 
	0.15 

	39. 
	39. 
	.15 

	40. 
	40. 
	.15 4l. .15 


	42. 
	42. 
	42. 
	.15 

	43. 
	43. 
	.15 

	44. 
	44. 
	.15 

	45. 
	45. 
	.20 

	46. 
	46. 
	.20 

	47. 
	47. 
	.20 

	48. 
	48. 
	.20 

	49. 
	49. 
	.20 

	50. 
	50. 
	.20 5l. .20 


	52. 
	52. 
	52. 
	.20 

	53. 
	53. 
	.20 

	54. 
	54. 
	.20 

	55. 
	55. 
	.20 

	56. 
	56. 
	.20 

	57. 
	57. 
	.20 

	58. 
	58. 
	FLUSH CYCLE


	--_..-.---._._._._._-_._-------~_.
	-

	59. 
	59. 
	59. 
	.20 16 

	60. 
	60. 
	.20 18 


	FUEL FLOW (ML/SEC)
	--_._--­18 16 14 16 16 14 18 14 14 14 16 16 16 18 18 18 
	19.5 
	19.5 18 16 
	INTRODUCED 
	TABLE 1 (CONTINUED)
	-..... FLAMMABILITY COMPARISON TEST APPARATUS CONCENTRATION FUEL FLOW AIR FLOW OF B-230 (WT %) (ML/SEC) (MTR/SEC) PASS/FAIL 
	6l. 0.20 18 60 pass 
	62. 
	62. 
	62. 
	62. 

	.20 16 60 pass 

	63. 
	63. 
	63. 

	.20 16 50 pass 

	64. 
	64. 
	64. 

	.20 18 50 pass 

	65. 
	65. 
	65. 

	.15 14 50 marginal. 

	66. 
	66. 
	66. 

	.15 14 60 pass 

	67. 
	67. 
	67. 

	.15 14 70 pass 

	68. 
	68. 
	68. 

	.15 16 50 fail 

	69. 
	69. 
	69. 

	.15 16 60 fail 

	70. 
	70. 
	70. 

	.15 16 70 pass .15 18 50 marginal 
	7l. 



	72. 
	72. 
	72. 
	.15 18 60 marginal 

	73. 
	73. 
	.15 18 70 fail 


	The results of FM-9 tests in the Flammability Comparison TestApparatus were used as a comparison to determine the relative effectiveness of 
	the B-230/JET A samples. The best result achieved by a 0.3 percent FM-9 fuel was a pass at 16 milliliter/second fuel flow and 60 meters/ 
	second of air flow. It is concluded, therefore, that a 0.139 percent B-230/JET A fuel is at least equal in performance in the FAA's Flamma­bility Comparison Test Apparatus to the 0.3 percent FM-9 fuel. 
	PHASE II. 
	TEST PROGRAM. The FM-9 additive used in the FM-9 antimisting fuel program is in the form of a fine powder. The GTA process requires breaking some intramolecular bonds and therefore, it is necessary that the polymer being blended be in a homogeneous solid state, there­by permitting intramolecular stresses on molecules to exceed bond strengths. Since the manufacturer of FM-9 was unable to supply its additive in a form suitable for this program it was necessary to devise methods for consolidating and fusing th
	be applied to FM-9 to maximize the potential of its blending process. 
	1. 
	1. 
	1. 
	Pelletizing by pressure (10 tons per square inch for 2 to 3 minutes) under vacuum. 

	2. 
	2. 
	Melting under vacuum. 

	3. 
	3. 
	Blending a 75 percent concentration of FM-9 in JET A. 


	GTA also was to develop an approach for working with an FM-9 slurry mix, containing a carrier fluid. 
	FM-9 is controlled as a proprietary product by its manufacturers. The assumption made in the test program was that the manufacturer would not make FM-9 available except for the actual preparation of FM-9/ JET A fuel blends and further that only limited information would be made available with regard to FM-9's chemical and physical properties. The test program, therefore, was to be designed using a substitute polymer to be selected by the contractor using only data found in the open literature. 
	Pelletizing Under Vacuum. The Royal Aircraft Establishment supplied informatlon~o the-FAA indicating that F~1-9 powder took on the appearance of plexiglas when pelletized by pressure at 10 tons per square inch for 2 to 3 minutes under vacuum. 
	A hydraulic press capable of exerting 30 tons per square inch on the ram was used to compress powder within a pellet cell with 1 1/8 inch diameter piston and anvil faces. The pellet cell was modified to be used under vacuum. An electric hot air heat gun was used to adjust the temperature of the pellet cell. 
	A substitute polymer for use in developing solidification and blending processes was selected on the basis of (1) information avail­able in the open literature of the antimisting fuel program and (2) the report that FM-9 powder took on the appearance of plexiglas when sUbjected to 10 tons per square inch for 2 to 3 minutes in a vacuum cell. The second point of information is consistent with a relatively low softening or melting temperature. Assuming that FM-9 is plastici­zer-free, the low softening point co
	'1'0 be consistent with the information surrunarized above, a co­polymer of polyvinylpyrrolidone and vinyl accetate (PVP/VA) was selected for protocol development and testing. It was found, however, that heat had to be applied to the cell during pressing in order to yield a fused pellet resembling plexiglas. Failure to heat the cell resulted in a dense, compressed powder pellet that fractured easily offering minimal opportunity to fracture covalent bonds. 
	Although the selection of PVP/VA was believed to be consistent with the information available on FM-9, several other polymer powders 
	were tested in the pelletizing apparatus. These were polyvinyl ace­
	tate (PVA) , prlyethylene oxide (Polyox), polypropylene (PP) and poly­vinyl chloride (PVC). As expected none of these yielded pellets resembling plexiglas, even at pressures up to 100 tons per square inch (on a 1/2 inch diameter die, at room temperature (680F). PVA, 
	for example, yielded a pellet after treatment at 100 tons per square 
	inch for 2 minutes (vacuum applied) that could be abraded to flake off particles with finger pressure. In summary, GTA did not produce a 
	satisfactory pellet using any of these candidates at a pressure of 10 
	tons per square inch for 2 to 3 minutes under vacuum at ambient temp­eratures. 
	Satisfactory appearance (approaching the plexiglas condition) was approached by 6.3 grams of PVP/VA subjected to 10 tons per square inch (read on scale for a 1 1/4 inch die) and heated for 4 minutes. The outside cell temperature was 620 + 10C after heating. The cell was kept under pressure for a total elapsed time of 10 minutes. The resulting pellet measured 1.125 inch in diameter by 0.325 inch thick and had a density of 1.19 gram per cubic inch. 
	Heat rather than pressure, was found to be the most critical requirement of the pelletizing operation. Pellets produced by heat and pressure treatment exhibited a slight asymmetry in the extent of fusion from top to bottom surface. The top of the pellet (facing the movable piston) appeared more resinous and clear than the bottom. The bottom surfaced (facing the anvil) had a more opaque appearance. This slight asymmetry was probably due to a temperature gradient run­ning to lower temperatures at the anvil or
	After receiving the pelletizing test results, PVP/VA was selected for the pelletizing approach to fuel blending. The next step was to reduce the pellets to a size which could be handled by the cryofrac­turing mill. It was determined that the pellets produced from PVP/VA could be shattered easily with a hammer. 
	Finally, 50 grams of pellets were produced, shattered and ground in the cryofracturing mill in order to determine mill power and cooling requirements. This information was necessary to determine fuel flow rates for the blending process. It was established that the 94.2 grams required to produce a 10 gallon fuel blend could becryofractured in 2 to 4 minutes. The flow rate of the fuel was established accord­ingly (approximately 4 gallons per minute). 
	Melting Under A Vacuum. No information was made available to contractor with regard-to-fusion of FM-9 prior to the day scheduled for blending with JET A at the GTA facilities. 
	A National Appliance vacuum oven with a capability of maintain­ing a temperature of 2000C was used with a rotary, oil-type vacuum pump. A teflon tray, with integral teflon pillars, was constructed to hold up to 275 grams of polymer (with a density of 1 gram per cubic 
	inch). The flexible container (10.5 inches x 7.5 inches x 2.5 inches) was designed so that fused polymer could be extracted in a form which 
	could be fractured readily into 3/8 inch square pieces for use with 
	the cryofracturing mill. 
	In order to test the vacuum fusion and removal process, 5 gram samples of PVP/VA substitute polymer were placed on teflon and glass watch glasses, respectively, and placed in the vacuum oven. The samples were observed at various temperatures and times shown in Figure 6. The maximum temperature was l65C and the heating cycle lasted 90 minutes. Both samples formed amber, resinous melts after 300 minutes in the oven as shown in Figure 6. Cooled, fused samples of PVP/VA were easily removed from the teflon and r
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	~ 1e!1d O_~-22_~e r.<::e n!:~o f]~.E:~!E a t:_~<?~"_Q"!_"~M-.~~E._~~~._~' Ninety four point two (94.2) grams of PVP/VA powder was blended with 31.4 grams of JET A fuel forming a heavy slurry. The resulting slurry was placed into a small extruder. The slurry was extruded in drops into a con­tainer containing liquid nitrogen. Frozen drops approximately 1/8 inch diameter were formed. The frozen slurry of PVP/VA and JET A was easily run through the cryofracturing mill permitting 125.6 grams to be blended with 1
	Blending An FM-9 Slurry In JET A. No information was made avail­able regarding-the-physical properties of the FM-9 slurry. The approach established for the blend of FM-9 in JET A was adopted for the FM-9 slurry. 
	APPLICATION OF THE GTA BLENDING PROCESS TO FM-9. 
	PELLETIZING BY PRESSURE UNDER VACUUM. FM-9 powder was made available for the p"reparation -of-pellet·s"-onthe morning of January 6, 1981. An attempt was made to produce a 5 gram fused pellet in the press at 10 tons per square inch for 2 to 3 minutes under vacuum at room tempera­ture. The result was a packed powder which could be scraped away readily in powder form with a sharp instrument. 
	It was Jecided to determine the minimal heat required to produce a satisfactory 5 gram pellet of FM-9. 
	Test 1. A 5 gram sample of FM-9 was placed in the 1 1/8 inch diajij('c L'r ceTT and subj ected to evacuation for 2 mi nutes and then placed under 10-12 tons per square inch while heating for 3 minutes. The sample was left under pressure for an additional 4 minutes while cooling. There was some evidence of fusion, particularly on the pis­ton side of the pellet. It was decided that the vacuum jacket should be removed to increase the temperature of the pellet during the heat­ing period. 
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	Test 2. A 7 gram sample of FM-9 was placed in the pressure cell and after evacuating for 2 minutes, was SUbject to the 10-12 tons per square inch pressure while being heated for 5 minutes. A thermometer placed on the outer surface of the cell registered a maximum tempera­ture of 750 e. The cell was allowed to cool under pressure for an additional 10 minutes. The appearance was improved over the result of Test 1. It was difficult to fit the cell under the press piston and it was decided that the sample size 
	Test 3. A 5 gram sample of FM-9 was placed in the pressure cell and the-cell was placed in the vacuum jacket. Prior to compression, the sample was evacuated for 3 minutes. The cell and vacuum jacket were placed in the press and subjected to 10-12 tons per square inch and heat for 7 minutes. A temperature of 52e registered at the sur­face of the vacuum jacket. After disassembly, a temperature of 53e registered on the surface of the pressure cell. 
	0 
	0 

	Test 4. A 5 gram sample of FM-9 was subjected to 10-12 tons per square:Lnch-and heated for 5 minutes. The maximum temperature regis­tered on the outside of the vacuum jacket was 60e. Heating was con­tinued for an additional 5 minutes. The surface temperature at the end of the second heating period was 70oe. It was decided to apply vacuum to the sample prior to heating under pressure in order to ~ellet te~?eratures. 
	o
	achieve higher 

	Test 5. A 5 gram sample of FM-9 was placed under vacuum at room temperature.· The sample was compressed under vacuum and subjected to 10-12 tons per square inch at room temperature for 2 minutes. The vacuum jacket was removed and the pressure cell was subjected to 10-12 tons per square inch while being heated for 5 minutes. The outside temperature of the cell was 78e. 
	o

	Tes~_~. A 5 gram sample of FM-9 was evacuated and compressed as in Test 5 at 10-12 tons per square inch at room temperature. The vacuum jacket was removed as in Test 5 with subsequent heating for 7 minutes at 10-12 tons per square inch. The temperature maximum ob­served at the outside of cell surface was between 88 and 90e. The cell was removed after 10 minutes elapsed time and the pellet was removed while hot. 
	o

	Sufficient pellets were prepared to total 95.5 grams. The pellets were placed in a polyethylene bag and were fractured by hand into approximately 1/8 inch to 1/4 inch pieces. The fragments of pelletized FM-9 were cooled in liquid nitrogen and introduced in GTA's cryofracturing mill at an average rate of approximately 38.2 grams per minute. A mix of 95.5 grams in 10 gallons of JET A was produced in approximately 2.5 minutes. 
	A sample of FM-9 JET A fuel mix was taken from the spigot of the collecting barrel approximately 30 seconds after completion of the blending operation. At first, the appearance of the FM-9/JET A mix suggested that the FM-9 was going into solution. Within 2 minutes, however, flocculation was observed and shortly thereafter the FM-9 
	appeared to separate from the JET A. A second sample taken from the 
	collection barrel showed a distinct separation of the FH-9 from the 
	JET A confirming the first observation. 
	The contents of the collection barrel was drained into two 5 gallon containers. It was then observed that a major portion of the FM-9 had settled at the bottom of the barrel in a slightly swollen form. 
	GTA learned from the representative of Southwest Research Insti­tute that batch-blending of FM-9 powder without carrier with JET A was accomplished at elevated temperatures. As a result an attempt was made to dissolve cryofractured FM-9 particles in JET A which had been preheated to a temperature of 1000F. Approximately 200 mls of JET A was heated to 1000F on a electric hot plate. The 25 grams of FM-9 particles was cryofractured into a vessel containing li.quid nitrogen. Most of the liquid nitrogen was allo
	MELTING THE FM-9 UNDER VACUUM. Shortly after the arrival of the FM-9 powder on the moinl"ngof-JarlUary 6, 1981 information was received from the FAA that the manufacturer of FM-9 stated that the "FM-9 powder flow point is 100oC." A test run on a heated-stage melting point apparatus indicated that the FM-9 supplied to GTA began to flow at 200C and melted at 230oC. There was some evidence of decomposition. The melting point test was repeated a second time with an identical result. 
	0

	A 105 gram sample of FM-9 powder was placed in the teflon tray and placed into the vacuum oven. The temperature was set on maximum. After approximately 1 hour the temperature stabilized near 200°C. There was evidence of yellowing, browning and decomposition of the FM-9. The powder volume reduced as the heating process continued. A liquid collected in the liquid nitrogen trap in the vacuum line. It was determined that this approach could not be used to prepare a fused sample of FM-9. After cooling, inspectio
	In a second attempt at fusing FM-9, a 104 gram sample of the polymer was placed in a 500 ml round-bottom flask. The flask was evacuated and heated in a Glas Col heating mantle. Browning was noted as the powder in contact with the surface of the flask appeared to melt. Bubbling was observed in the liquid regions. Over a 1 hour period, 
	the congealed mass revealed colors passing from yellow through black with the darker colors appearing closer to the surface of the flask. 
	After cooling and removing the mass, condensed liquids were found in the vacuum lines and liquid nitrogen trap. Due to decomposition, a 
	fused sample of FM-9 could not be prepared by heating under vacuulTI. 
	BLEND OF 75 PERCENT CONCENTRATION OF FM-9 IN JET A. An attempt to 
	produce a slurry consISting of 75 percent FM-9 powder and 25 percent 
	JET A produced a slightly wetted powder. Increasing amounts of JET A 
	(seven consecutive additions of 34.5 grams of JET A to 107 grams of FM-9) finally produced a fully wetted powder at a composition of 31 percent FM-9 powder and 69 percent JET A. The resulting slurry could not be expelled from the GTA extruder and was subsequently separated by hand into 1/8 to 1/4 inch chunks. These were dropped into liquid nitrogen for freezing prior to grinding. 
	Three hundred forty-eight (348) grams of the frozen FM-9/JET A parti­cles were cryofractured into 10 gallons of JET A with the intention of producing a 0.3 percent blend of FM-9 in JET A. Immediately upon com­pletion of the blending operation a 200 ml sample was drawn from the spigot of the collection barrel. Visual observation indicated that the FM-9 had not dissolved appreciably in the JET A. Tests carried out by the FAA observer team appeared to reach the same conclusion. 
	The collection barrel was drained into two 5 gallon cans. A large mass of swollen polymer was found at the bottom of the barrel. 
	BLENDING FM-9 SLURRY INTO JET A. A can of premixed FM-9 slurry was 
	brought-to GTA by~he-representative of the Southwest Research Insti­
	tute. It proved to be a wetted powder and not susceptible to extru­
	sion in the GTA extruder. The FM-9 slurry was separated by hand into particles of a size which could be processed by the cryofracturing mill. The particles were then frozen in liquid nitrogen. 
	The FM-9 slurry is comprised of 32 percent FM-9i the rest being a glycol and amine mixture. Three hundred (300) grams of the slurry were cryofractured in 12 gallons of JET A to produce a 0.3 percent. 
	solution of FM-9 in JET A. 
	A sample of the FM-9 slurry/JET A fuel mix was taken from the collec­tion barrel immediately after the blending operation was completed. The sample was turbid in appearance, indicating that the FM-9 had not gone into solution. In an attempt to enhance solution a drawn sample was placed in an erlenmeyer flask and stirred with a magnetic stirrer. This attempt resulted in a separation of the FM-9 from the JET A solvent. 
	Samples of the FM-9 slurry/JET A fuel mix drawn from the collection barrel after 15 minutes were less turbid suggesting that the FM-9 was going into solution. Since the FM-9 slurry is designed to go into solution 15 minutes after agitation, an attempt was made to put FM-9 slurry directly into solution in JET A in a beaker. Agitation was provided by a magnetic stirrer during the addition and thereafter. There was no visual evidence that the FM-9 slurry was in solution at or beyond 15 minutes elapsed time. 
	After 30 minutes, observations were made of the initial sample drawn from the collection barrel immediately after blending. The sample had cleared considerably and was evidently going into solution. Two 
	hours later this sample still had some turbidity. 
	CONCLUSIONS 
	1. 
	1. 
	1. 
	The GTA blending process produced a blend of Oppanol B-230 and JET A fuel which had antimisting behavior within minutes after the blending operation began. 

	2. 
	2. 
	Tests of a 0.139 percent concentration of Oppanol B-230 in JET A in the FAA's Flammability Comparison Test Apparatus indicate flamma­bility suppression roughly equivalent to a 0.3 percent FM-9 fuel with carrier. 

	3. 
	3. 
	The GTA blending process was not effective in blending FM-9 powder as supplied by the manufacturer in JET A. 

	4. 
	4. 
	The GTA process did not put an FM-9 slurry (with carrier) in solution instantaneously. 
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