(Unclassified)

Spray Coating of Binders
WP-2606
US Army/CCDC AC
Russell N. Broad
October 2019

Final Version

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.
(Unclassified)



REPORT DOCUMENTATION PAGE o Ao e

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other
provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) | 2. REPORT TYPE 3. DATES COVERED (From - To)
10/31/2019 SERDP Final Report
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Spray Coating of Binders

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Russell N. Broad WP-2606

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
US Army/CCDC AC REPORT NUMBER
BLDG 3124 WP-2606

Picatinny Arsenal, NJ 07806

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
Strategic Environmental Research and Development Program SERDP
4800 Mark Center Drive, Suite 17D03
Alexandria, VA 22350-3605 11. SPONSOR/MONITOR'S REPORT
NUMBER(S)
WP-2606

12. DISTRIBUTION/AVAILABILITY STATEMENT
DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT

This project sought to demonstrate that fluidizing Mg (magnesium) powder with liquid spraying could coat Mg powder particles with a binder. Successful
operation would greatly diminish or exclude the emission of VOCs (volatile organic compound) into the atmosphere while providing powder that would meet
flare requirements when incorporated into a flare composition. The binder would either be dissolved in a VOC with the latter being recycled or would be a
melt. Verification of the process would be achieved through the capability to stably fluidize and coat Mg powder, physical examination and analysis of the
powder to determine the extent of the coating and handling safety, and radiometric performance of flare pellets. The latter would contain compositions of
the coated Mg blended with PTFE (polytetrafluorethylene) powder. The project’'s scope was in response to the SON'’s (statement of need) overall
requirement to reduce environmental and health impacts of energetics manufacturing and specifically to develop solventless processing.

15. SUBJECT TERMS

Binder, Flare, Fluidized Bed, Magnesium, Polyacrylate Resin, Polytetrafluoroethylene, Pyrotechnic, Solvent, Spraying,
Thermoplastic Elastomer, Volatile Organic Compounds

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF |18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON

a. REPORT | b. ABSTRACT | c. THIS PAGE|  ABSTRACT ngEs Russell N. Broad

47 19b. TELEPHONE NUMBER (Include area code)
UNCLASS UNCLASS | UNCLASS |UNCLASS 973-724-5797

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z239.18



(Unclassified)

Table of Contents

AN 4] 1 =T PRSPPSO |
L@ 10} 1517 5 7RSO ROSORPSTOPY4
BaCKOIOUNG. ... 4
Materials and Methods 5

Results and Discussion 14

Conclusions and Implications for Future Research
Literature Cited 37

0] 1= T | 5 PP 38

i
DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.
(Unclassified)



(Unclassified)

List of Tables

Table 1. Properties Of PA BINGer.. ... ..o e, 7
Table 2. DIMENSIONS FOr TUDS........ccviiieie et e e 9
Table 3. Pellet FOrMUIALIONS. ........cciviiiieciee et nas 13
Table 4. Viscosities of PA Binder/Solvent Combinations. ............c.coovviiiieiiniineiiniiiennn, 14
Table 5. Initial Spray Pattern TeStS RUNS. ... ..o 15
Table 6. Spray Width at Various Distances from Spray Cap.........c.ooviviiiiiiiiiiiiiiiiiienennn, 16
Table 7. Powder Fluidization Results with Sandwich Inlet Filter................................ 18
Table 8. Fluidization Trials with Sandwich Filter; Second Set of Tests.............coovviviiiniin, 19
Table 9. Fluidization and Spray Coating Trials with Sandwich Filter for

C0arse POWAET FraCtioN. ... ...t 20
Table 10. Results of Powder Fluidizationin Metal Tub...............coooiiii 21
Table 11. Fluidization and Spraying Trials in Metal Tub....................coc 22
Table 12. Fluidization and Spraying Trials in Metal Tub Incorporating

Extension Tube and Larger Mesh Qutlet Filter......... ... 23
Table 13. Results of Initial Trials to Produce Coated Mg Powder for Flare Pellets................ 25
Table 14. Data on Batches of Coated Mg Produced for Pellets..................coooiiiiiiinnn. 26
Table 15. Burn Times for Flare Pellets. ...... ..o e, 27
Table 16. Peak Radiant Intensities for Flare Pellets...............cooiiiiiiii e, 27
Table 17. Integrated Radiant Intensities for Flare Pellet...................oooiiii i, 28
Table 18. Radiometric Test; Values for Individual Pellets...................cooooiiiin 38-39

ii

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.
(Unclassified)



(Unclassified)

List of Figures

Figure 1. Generic Fluidized Bed Concept for Coating Magnesium POWdET ...........cccccevvrerininnne 2
Figure 2. Generic Details of FIUIIZEd Bed .........ccocoviiiiiieiece e 3
Figure 3. FIOW OF MaJOT TASKS ......ooueiuiriiiiiiiiiieiee ettt e 6
Figure 4. Initial Configuration for Fluidized Bed and Spray Coating System ...........cccccceviveiinnnne 8
Figure 5. Configuration Used for Fluidizing and Coating Magnesium Powder.............c.cccccvvnnene 8
Figure 6. Sherwood Fluid Bed with Steel and GIlass TUBS .........c.ccccviiiiiiiic e 9
Figure 7. FIUIA @Nd AIE CAPS....c..oiuiiieiiitiiiieieieiee sttt sttt st nbe e 10
Figure 8. Spray Coating HardWAare ............cccciveiiiieiieiecc et 10
Figure 9. SandWICh INIEE SCIEEN .......oviiii e 11
Figure 10. Process FIOW fOr PeIIEtS ..........ccuoiveiiiieiecce e 12
Figure 11. Pellet ConfIQUIatioN.........ccoiiiiiiiieiee e 13
Figure 12. Appearance 0f PA SOIULION ........cccvoiiiiiiiciecc et 15
Figure 13. Spray Profile ANalYSIS........cccoiiiiiiiiieieie e 16
Figure 14. Buildup of Powder with Resin on Outlet FIlter...........cccooveieiiieii s 22
Figure 15. Buildup of Powder with Resin on Inlet Filter Adjacent to Nozzle...............ccccoenee. 23
Figure 16. Borescope Camera Images of Fluidized Powder in Metal Tub...........cccccoevvvieinennns 24
Figure 17. Guide to Comparison Charts BelOW............cccoiiiiiiiiiiiie 28
Figure 18. Comparison for Pellet BUIN TIME .......c.cooveiiiiiieeie et 29
Figure 19. Comparison for Peak Radiant INtENSILY ............cooviiiiiiiieieecesee e 30
Figure 20. Comparison for Integrated Radiant INteNSItY ..........ccevvveiveieiiieie e 31
Figure 21. Burn Time Control Cart...........cooeeiiieiieiese e e 32
Figure 22. Peak Radiant Intensity Control Chart.............ccooveiiiieiiciiccceeece e 33
Figure 23. Integrated Radiant Intensity Control Chart ...........cccoceiieiiii e 34
iii

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.

(Unclassified)



(Unclassified)

List of Acronyms

CM = Countermeasure

EPA = Environmental Protection Agency
ESD = Electrostatic Discharge

EVA = Ethylene-Vinyl Acetate Copolymer
FPP = Frontier Performance Polymers Corp.
g=Gram

h = Hour

HAP = Hazardous Air Pollutant

Hi = High

in = Inch

Lo=Low

MEK = Methyl Ethyl Ketone

Mg = Magnesium

mg = Milligram

Mid = Middle

min = minute

mL = Milliliter

mm = Millimeter

N/A = Not Applicable

No = Number

PA = Polyacrylate Resin

psi = Pounds Force per Square Inch

PTD = Pyrotechnics Technology Division
PTFE = Polytetrafluorethylene

s = Second

SEM = Scanning Electron Microscope
SMCA = Single Manager for Conventional Ammunition
SON = Statement of Need

TPE = Thermoplastic Elastomer

VOC = Volatile Organic Compound

W/sr = Watt per Steradian

wt = Weight

um = Micrometers

0\
DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.
(Unclassified)



(Unclassified)

Keywords

Binder

Flare

Fluidized Bed
Magnesium

Polyacrylate Resin
Polytetrafluoroethylene
Pyrotechnic

Solvent

Spraying

Thermoplastic Elastomer
Volatile Organic Compounds

Vv
DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.
(Unclassified)



(Unclassified)

Acknowledgements

The author extends his gratitude to PTD (Pyrotechnics Technology Division) personnel,
Messrs. Eric Latalladi and Joseph Calcagno for their expert processing of the flare mix and
fabrication of pellets, and Messrs. Marcin Rosol and Mark Motyka for their skilled conduct of
the radiometric testing.

Vi
DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.
(Unclassified)



(Unclassified)

Abstract

This project sought to demonstrate that fluidizing Mg (magnesium) powder with liquid
spraying could coat Mg powder particles with a binder. Successful operation would greatly
diminish or exclude the emission of VOCs (volatile organic compound) into the atmosphere
while providing powder that would meet flare requirements when incorporated into a flare
composition. The binder would either be dissolved in a VOC with the latter being recycled or
would be a melt. Verification of the process would be achieved through the capability to stably
fluidize and coat Mg powder, physical examination and analysis of the powder to determine the
extent of the coating and handling safety, and radiometric performance of flare pellets. The
latter would contain compositions of the coated Mg blended with PTFE (polytetrafluorethylene)
powder. The project’s scope was in response to the SON’s (statement of need) overall
requirement to reduce environmental and health impacts of energetics manufacturing and
specifically to develop solventless processing.

Numerous trials incorporating modifications to the fluidized bed and liquid spraying
system were executed to achieve a unit that was capable of producing coated magnesium in the
quantities necessary for evaluation. The system included a bench top fluidized bed system with
Sliter steel and glass tubs. The former was used initially to enable viewing of the states of
fluidization and spraying. A borescope camera system was installed within the metal tub to be
able to view inside it. Other key components included hardware for the atomization and
spraying of the liquid component, pressurized tank for the storage and flow of the liquid, inlet
filter for fluidizing air and outlet filter. The inlet filter was a ‘sandwich’ of two different mesh
sizes with a Wurster inlet configuration. Sieving of the magnesium powder was found
necessary to reduce the particle size range of the powder. The wideness of the range made it
essentially impossible to set fluidization conditions that could fluidize all of the loaded powder
simultaneously.

Soxhlet extraction was selected for determining the amount of coating on the powder.
Morphology on the coated powder to include SEM (scanning electron microscope) and
instrumental particle size had been planned. After mixing the coated powders with PTFE
further tasks were to be ESD (electrostatic discharge) sensitivity determination and pressing the
composition into pellets. These pellets would be intentionally ignited and burn times and
radiometric outputs measured. Composition made through the standard process would also be
evaluated to provide a baseline.

Due to the actual effort being greater than originally planned there were insufficient
funds to install solvent recycle into the fluidized bed and spray coating system, to spray EVA
(ethylene-vinyl acetate copolymer) melt, and to perform morphology and ESD testing.

After optimization the system was able to produce approximately 413 g (gram) of coated
Mg powder with close to 2 wt (weight) % TPE (thermoplastic elastomer) binder for making flare
composition. The material was blended with PTFE and pressed into pellets at three different
percentages of Mg content. Pellets were burned in a flare tunnel and burn time and radiometric
intensity in the 3um (micrometers) — 5um region measured. Pellets made from flare mix
prepared per the current method (‘uncoated” Mg) were also tested. The limited data
demonstrated the pellets with the coated Mg burned approximately twice as fast as the uncoated
samples, and the integrated radiant intensities, a measure of total energy, were approximately the
same.
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This implied that the fluidized system delivered an equal product and could be a viable,
environmentally superior technology. Further work would be needed to optimize the process and
equipment. Immediate needs would be the inclusion of solvent recovery, increasing the amount
of coating on the Mg powder, a refinement of the Soxhlet extraction technique or replacement
for it, fabricating and testing flare pellets closer to the size actually used and conducting
morphological analysis and ESD testing. Further on the spraying of EVA melt and the
simultaneous spray coating of Mg and PTFE would be attempted.

Objective

The project intended to demonstrate that a fluidized bed could be used to greatly reduce
or eliminate the emission of VOC into the atmosphere during flare manufacture. This would be
accomplished by spraying a VOC with dissolved binder onto fine Mg powder. The VOC would
flash off leaving the binder as a coating on the powder particles. The VOC would be reclaimed
in the apparatus and recycled for reuse as the dissolving agent for the binder. This process would
greatly reduce the release of the VOC into the atmosphere. A variant on this would be spraying
a binder at or above its softening temperature. The temperature would be just below the
maximum safe temperature for processing of energetic materials. The figures below are top

level displays of the concept:

Retention filter Solvent

reservoir
(If using stock

_ <—|_Partition
I\/cljagg:smm Q (Wurster Insert)
powaer —-Atomizing nozzle

o

|| L1 0
Dry air L 41 44 &Screeningplate

Stock solution
or binder melt

Figure 1. Generic Fluidized Bed Concept for Coating Magnesium Powder
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Partition tube

Atomizing nozzle
with Wurster
Insert

Screening
plate

Figure 2. Generic Details of Fluidized Bed

Coated Mg powder from the fluidized process would be combined with PTFE. The
resulting mix would be pressed into small flare pellets. These pellets would then be subjected to
radiometric and burn time testing. Additional characterization would be particle morphology,
ESD sensitivity of the mix and pellet mechanical strength. To give a basis of comparison
identical formulations would be made but with Mg and PTFE coated by open evaporation of the
solvent containing the binder material and subjected to the same tests. This is the current
method. Success for the project was defined by the ability to efficiently and stably fluidize and
coat the Mg and that test results on the coated powder and pellets were equal or more favorable
to material produced by the current process.

This project met the overall objective of the SON to which it was submitted. That
objective is to reduce environmental and health impacts of energetics manufacturing and to
develop a technology of interest specifically mentioned in the SON; solventless processing
techniques. This cost-effective and scalable technology can greatly improve environmental
impact, industrial hygiene and safety without undue economic impact. Since it makes use of a
unit operation common in industry materials, processes and equipment can be readily transferred
to the production base but with novel modifications to achieve reduced or no solvent amount.
This would eliminate exposure of workers to solvent.
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Background

VOCs are used throughout the manufacture of various pyrotechnic items and
commaodities but by far the greatest users of VOC are manufacturers of Mg-PTFE-TPE based
flares. The general manufacturing sequence for this composition is dissolving the TPE in
acetone and introducing it into a high dispersion mixer. Then Mg and PTFE powders are added
to the mixer and the materials blended together. Deposition of the TPE on the Mg and PTFE
particles is accomplished in one of two ways. One, decanting and flashing of the acetone until
there is no evident liquid phase. Two, introduction of n-hexane which causes the TPE, none of
which are miscible in n-hexane, to precipitate and coat the Mg and PTFE. The leftover mixed
acetone and n-hexane are decanted and recycled or sent out as hazardous waste. Invariably there
are releases of the VOC into the atmosphere for this process. The finished compositions are
formed into pellets either through consolidation on hydraulic presses or ram extrusion through
dies. After drying at elevated temperatures to drive off any residual volatiles the initiation
compositions are applied to the pellets. These compositions contain Mg-PTFE-TPE and use
acetone to dissolve the TPE and form a slurry that is applied to the pellet. Again the pellet is
dried at elevated temperatures. Once dried the pellet is wrapped with aluminum tape and then
inserted into a case. The cases are packaged and the process is complete.

These processes involve considerable use of VOC and the nature of the mixing vessels
subject operating personnel to a new exposure of the VOC each time a mix is made. There is
also the issue of VOC release to the atmosphere although significant progress has been made to
recycle the VOC or least minimize its evaporation. While VOC usage varies yearly since flare
production changes annually the average yearly amount is approximately one million pounds for
SMCA (Single Manager for Conventional Ammunition) items (ref. 1). Additional usage arises
from the production of items for commercial, foreign and non SMCA (e.g. Special Forces
Command) usage.

The EPA (Environmental Protection Agency) and the environmental agencies for the
states where most CM (countermeasure) production occurs list hexane as a HAP (hazardous air
pollutant). Inhalation exposure to n-hexane has been associated with long term neurological
impairments in occupationally exposed individuals with initial severity being significant for
several months. Other hazards noted for n-hexane include muscle atrophy. Reproductive effects
have been observed in rats and this is a suspected hazard for humans. Acetone is not listed as a
HAP by either the EPA or state agencies. The EPA lists it as an exempt VOC. However
evidence suggests that the effect of inhalation exposure to n-hexane is worsened when acetone is
also inhaled simultaneously. The thinking is that acetone enhances the production of 2, 5-
hexanedione, the major toxic metabolite produced by intake of n-hexane (ref. 2). As stated these
two VOC:s are used together in flare manufacture.

The main health hazard associated with acetone is neurological effects although these are
temporary (ref. 3).

Both materials are highly flammable with National Fire Protection Agency flammability
ratings equal to 3. This rating means that the material can be ignited at almost all ambient
temperature conditions.

Previous work to eliminate VOC from the manufacture of CM flares has included twin screw
extrusion and use of supercritical fluids. Both of these have limitations that would make their
transition into the industrial base difficult if not impossible (ref. 4, ref. 5).
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Spray coating in a fluidized bed is a common unit operation in the food and
pharmaceutical industries and is relatively simple in function and readily scaled up. However
this application of it to the Mg powder and TPE combination has never been attempted. Thus the
parameters affecting the coating must be adjusted to provide a uniform coating on the Mg
particles at the mass percentage amounts normally used in the flare formulations. The two
components of the process that give the coated particles are the fluidization of the Mg powder
and the atomization of the TPE stock solution or melt. Each of these presents its own challenges.
For the fluidization aspect air flow must be controlled at the correct level to fluidize the Mg
powder in a predictable flow pattern that creates a ‘cloud’ of Mg particles that fills the partition
chamber and neither drops back down into the powder bed nor be rapidly blown up against the
chamber outlet. What potentially complicates this is the wide particle size range of the Mg
powder. Spray coating needs to consider the viscosity of the stock solution or polymer melt.
Thus nozzle design and placement must be chosen to atomize the droplets to the proper size. For
the TPE binder if the droplet is too large it will rise and then fall before the VOC is fully
vaporized. If too small the VOC will flash too quickly possibly blocking the atomizing nozzle
aperture with binder. And while there is no VOC component with use of the EVA binder melt
its high viscosity presents challenges in atomization.

Further both the Mg fluidization and spray coating need to be synchronized. This
requires a further optimization of the fluidizing and spray coating parameters. The bulk of
uncoated powder and atomized solution or melt need to be in the partition chamber
simultaneously to ensure maximum and consistent coating of the Mg powder particles. Ideally,
the droplet size is maintained to ensure the droplets are small enough to impinge a single particle
only. Yet it must also be large enough that the liquid component is not totally evaporated before
reaching the particle. This is a function of the solution flow rate, atomizing air pressure and
atomizing cap design. Process airflow is mainly to ensure acceptable fluidization of the particles
during coating. The airflow also contributes to the overall drying capacity of the process. Major
changes in air flow can impair the process by reducing the speed of particles passing through the
coating zone. Airflow changes can also cause agglomeration or rapid VOC evaporation,
depending on whether the drying capacity is increased or decreased.

Materials and Methods

Overall Project Plan

To better understand the discussion going forward the below schematic shows the major
activities originally planned for the program and indicates their qualitative degree of completion.
Achieving the capability to effectively coat the minimal amount of Mg powder for evaluation
involved more labor than originally estimated. Consequently the received funding was totally
expended before all tasks could be completed. Green represents completed, gray uncompleted
and mix partial. Specific items not performed included incorporation of solvent recovery,
spraying of EVA melt on Mg particles, morphology characterization of the coated particles, ESD
testing and crush strength determination of pellets with flare composition containing the coated
particles.

5
DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.
(Unclassified)



(Unclassified)

Select and Spray Coating/Fluidizing Optimize PA
Evaluate Binders > System Design and »| Solution Spray |
and Solvents Assembly Coating Process
Evaluation of Evaluate EVA
Coated Magnesium j[¢—— Melt Spray |«
Particles Coating Process

Figure 3. Flow of Major Tasks
Select and Evaluate Binders and Solvent

This was the first major task that FPP (Frontier Performance Polyers Corp.) worked on
with assistance from PTD. Since this technology focused on manufacturing methodology and
not formulation the binder choices were limited to those in use or shown to perform successfully
in flare formulations. Respectively these were PA (Polyacrylate) and EVA based. The former is
the binder type currently used for many types of Mg/PTFE/Binder formulations that are pressed
into pellets. While EVA is not used in any production items previous work showed that it gave
acceptable performance in Mg/PTFE/Binder flares. Solvents for the PA binder would be those
able to dissolve the binders. The major supplier of PA binders suitable for the flare formulation
are made by Zeon Chemicals Inc. Recommended PA binders manufactured by them considered
to be suitable for this effort are shown below with relevant property data (from Zeon Chemicals
website) with specific mention of “4451CG, 4051CG and PV04 are recommended for sealant
and binder application”. The properties listed in Table 1 are relevant to the processing of CM
flare mix. Mooney Viscosity and Specific Gravity are considerations for ease of dissolving the
binder material into a liquid. Gehman and Volume Swell are measures of the binder’s
mechanical properties over a temperature range.

PV04 wasn’t considered because of its relatively high swell volume. Rather AR71L was
evaluated as a possibility because of properties similar to 4051CG and 4451CG. Further work
was done with 4051CG, 4451CG and AR71L.
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Product Volum;)Swell*, \%;%2% Gehma?CTloo = Specific Gravity
HyTemp® 4051 11 46 to 58 -18 1.1
HyTemp® 4051EP 11 35to0 47 -18 1.1
HyTemp®4051CG 11 25 to 37 -18 11
HyTemp®4451CG 11 25 to 37 -18 1.1
HyTemp® AR71L 11 29t0 41 -18 11
HyTemp® PV04 45 2510 40 -30 1.1
*IRM 903 oil for 70 h (hours) at 150°C. ** On a nominal 65 Shore A, non-plasticized
compound

Table 1. Properties of PA Binders

PAs are soluble in solvents with a wide range of organic functional groups. However the
recommended VOCs are acetone, MEK (methyl ethyl ketone) and toluene. The latter has a
much higher vapor pressure than the other two, an unattractive feature for efficient spray coating,
and overall possesses more health and environmental risks. Consequently only MEK and
acetone were considered.

The final concern was the concentration of binder in solvent. On one hand a high
concentration minimizes the amount of solvent that needs to be flashed and thus lessens the
burden on the solvent recycle system and the chances of unintentional release to the atmosphere.
On the other hand it increases the viscosity such that it would be difficult to form a fine uniform
spray. Further there is a solubility limit on the binder in the solvent. This limit is around 20 wt%
of binder in solution. Various combinations of the above were evaluated for viscosity using a
Brookfield viscometer with data shown in the Results and Discussion section.

Spray Coating/Fluidizing System Design and Assembly

Figure 4 gives the overall configuration that was initially selected for producing coated
powder. Some components were changed as solution spraying and powder fluidization were
attempted individually and then together. These modifications became necessary to produce
success in the overall operation. Their rationales are discussed in detail in the Results and
Discussion section. The configuration that was used to produce the coated Mg powder for
evaluation is shown in Figure 5.
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Figure 4. Initial Configuration for Fluidized Bed and Spray Coating System
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Figure 5. Configuration Used for Fluidizing and Coating Magnesium Powder
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Throughout the same fluid bed unit was used. It was manufactured by Sherwood
Scientific Ltd.; Model Number M501. Components included stainless steel and glass tubs,
terylene outlet filter bag and 25um mesh stainless steel inlet filter. The glass tub was used to
observe initial runs to aid in adjusting process parameters to give effective powder fluidization
and spray coating. Tub dimensions and images of the unit follow.

Dimension Glass Metal
Bottom diameter 3.95in (inch) 3.95in
Middle diameter 5.9in 9.0in

Top diameter 5.9in 5.41in
Height 125in 10.3in
Total volume 5L 5L

Table 2. Dimensions for Tubs

Figure 6. Sherwood Fluid Bed with Steel and Glass Tubs
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The change in orientation for the spray coating setup was done after initial research
indicated that for this design the atomizing spray and Mg powder would interrupt each other
causing unstable and non-uniform coating. Adding the extension pipe gave a larger volume for
both the fluidized Mg powder and spray to spread out which resulted in more efficient coating of
the particles.

Figures 7 and 8 show the details of the set up for atomizing and spraying the PA
solutions. All components were manufactured by Spraying Systems Co. Nominal pipe thread
was ¥4 in, and material of construction was stainless steel. The nozzle’s model number was %4
JAC-SS. The first caps evaluated had orifice diameters of 0.035 in and 0.120 in for the liquid
and air respectively (model numbers PF35100-SS and PA120-SS). However when tested by
FPP the coating zone for these was longer than the vendor data showed (7” to 10”). A switch
was made to 0.016 in and 0.064 in (model numbers PF1650-SS and PA64-SS) initially based
upon vendor data and validation through testing. FPP tested the caps as follows. They set up the
spraying hardware under a fume hood next and parallel to a vertical board that had white paper
attached to it. PA binder in three different solutions with blue dye added was atomized at
various pressures and the spread pattern on the paper analyzed. Adding the camera ports greatly
reduced the time to determine the optimum operating conditions within the metal tub.

Figure 8. Spray Coating Hardware
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Modifying the air supply lines yielded more precise pressure control. This was
necessary to obtain a stable spray pattern as small changes in pressures greatly affected the
pattern. The added regulators were Bellofram precision air pressure regulators.

Both inlet and outlet filters were changed numerous times to prevent outflow of powder
through the top of the tub, to optimize the flow of the fluidizing air and to prevent buildup of
powder by the inlet. The final configuration contained a Wurster insert. This configuration
(note Figure 1) is routinely used in fluid bed coating processes. The inlet screen was a sandwich
of two different meshes as shown below. Early on they were different two mesh sizes but for
producing the coated powder both were 10 um. The opening for the nozzle was 1.75 in. The
mesh size of the outlet filter was also changed a number of times but was 30 um for the final
configuration.

Figure 9. Sandwich Inlet Screen

As fluidization runs were performed the wide particle size range of the Mg powder
hindered finding stable fluidization parameters. Thus the particle size range was narrowed.
This was accomplished by sieving the powder using No. (Number) 400 and No. 500 sieves. The
relevant equipment was a sieve shaker with 8 in sieves. At first the fraction of powder between
the two sieves was processed in the fluidized bed unit but it still had enough fines that a
considerable amount was passing through the outlet filter. Consequently only material retained
on the No. 400 sieve was fluidized. Mg powder was purchased from Hart Metals and conformed
to Mil-DTL-14067, Type I, 200/325 mesh.
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Evaluation of Coated Mg Particles

Soxhelt extraction was setup for determining the actual amount of binder deposited on
the Mg particles. A few runs of the process found that accurate results could be obtained by
running one thimble with the coated powder and another as a blank both for 20 h. The thimbles
were withdrawn every 6 h to 7 h, vacuum dried, weighed, and returned to the extraction
apparatus. Acetone was the extracting solvent.

PTD assessed the efficiency of the coating process by radiometric testing of flare pellets
containing the coated Mg powder. The pellet formulations were prepared by blending the coated
powder with PTFE powder. The latter’s type was DuPont Teflon 7C. Additionally, pellets were
made with the current mixing process to serve as a baseline for testing. The following schematic
gives the process for both. To eliminate lot to lot variations for Mg powder as an additional
variable FPP provided PTD uncoated powder from the fraction retained on the No. 400 sieve.

Uncoated Mg
10 wt.% PA

Blend in 3 Binder in Acetone
Axis Tumbler

Coated Mg from
Fluidized Bed

Blend in Hobart Mixer
Until No Liquid
REENS

Consolidate into Apply Igniter
SINEURSEES Slurry

Figure 10. Process Flow for Pellets

Coated mixes were prepared by placing pre weighed portions of coated Mg and PTFE to
in a conductive rubber container with the lid taped on. The container was put into a steel over
pack container with empty rubber containers and packing materials to secure it during mixing.
The over pack container was secured on the tumbler. The tumbler, manufactured by Glen Mills
and designated as model Turbula T10B, moves the container in three axes. Operation was for 30
min (minute). At the end increments of the blended materials were weighed to the pellet mass.
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Uncoated mix was made per the current practice. A weighed amount of binder was
dissolved in acetone overnight to produce a stock solution. The amount of solution required to
yield the needed amount of binder by dry weight was weighed out. This portion was then
blended with the proper amounts of Mg and PTFE for the formulation. Blending was done with
a Hobart mixer using a 5 quart bowl. After blending the composition was removed and dried
overnight. After drying increments of the composition were weighed to the pellet mass

Pellets were pressed at 11,000 pounds force on a hydraulic press. Shape was square with
lengthwise grooves. Dimensions were nominal 1 in across the longest width and total length
1.30into 1.35in. Pellet weight was 20 g. Pellets were dried overnight after their fabrication.
See Figure 11 for pellet configuration (pellet shown is inert; all PTFE). The igniter slurry
consisted of Mg powder, PTFE and a stock solution of Viton A dissolved in acetone. It was
made the same as the uncoated Mg mixes but prior to use acetone was added to the mix to
solubilize the Viton A. The slurry was brushed into the grooves. For both coated and uncoated
Mg powders three different compositions were made designated as low Mg, mid Mg and high
Mg content. Table 3 has specific data on these. For the coated Mg ten pellets were prepared for
each formulation and for the uncoated seven.

Figure 11. Pellet Configuration

Weight %
Constituent Formula 1 Formula 2 Formula 3
Mg Low Mid High
PTFE Balance Balance Balance
HyTemp 4451CG 1.70% 1.86% 2.01%

Table 3. Pellet Formulations

PTD tested the pellets in a flare tunnel per procedures typically used for measuring the
infrared output of flares. Pellets were mounted on a stand and ignited remotely by an electric
match. Measurements were made of radiant intensity in the 3 um to 5 um region and of burn
time. Relevant equipment involved a Teledyne Judson series J10D Indium Antimonide detector
connected to a DL Instruments preamplifier and CI-Systems blackbody and controller for
calibration. An algorithm converted the voltage signal to radiant intensity which was reported as
peak intensity and integrated intensity (i.e., area under the intensity-time curve).
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Results and Discussion

In this section we will present the results in two different general categories. First, how
data measured from the various equipment configurations for the fluidizing and coating of Mg
powder were used to design and construct its final configuration. We note that fluidizing of the
powder and spraying were initially done as separate operations before being integrated. This
sequence was done several times to reach the optimum operating conditions. And the integrated
process also went through a number of trials before the final configuration was set. Second, how
data taken during the tunnel testing of the pellets containing the coated powder assessed the
material for flare performance.

PA Solution Viscosity
As stated in the previous section knowledge of the viscosities of the PA/VOC solutions

was vital to select parameters for the solution that would ease its atomization through the spray
nozzle assembly. The table below gives the resulting viscosities.

In Acetone In MEK
Resin W1t% Resin Viscosity centipoise
5 N/A (not applicable) N/A
10 46 56
HyTemp®4051CG
15 232 277
20 823 1030
5 N/A N/A
10 51 61
HyTemp®4451CG
15 252 346
20 1071 1128
5 N/A N/A
10 83 121
HyTemp® AR71L
15 708 753
20 2987 3689

Table 4. Viscosities of PA Binder/Solvent Combinations

Viscosities for the 5 wt% solutions are not reported because the values were outside the
spindle’s range. The solutions were prepared by combining cut pieces of the binders with the
solvents, each appropriately weighed, in glass jars which were then sealed. Dissolution was
aided by shaking the jars for 10 s (second) every two hours. After remaining overnight at room
temperature the binders were dissolved. The photographs below show the resulting solutions.
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0O In Acetone Swt% | Owt% | Swt% 20wt%
0 In MEK Swt% 10wt% | S5wt% 20wt%
Fi

Figure 12. Appearance of PA Solution

As expected opacity is proportional to viscosity and from some images the binder is not
fully dissolved but rather plasticized. Going forward AR71L was not considered because of its
significantly higher viscosity and the targeted solution concentration for the HyTemp materials

was to be 10 wt% to 15 wt%.

Fluidization and Spray Coating of Mg Powder

The beginning task here was determining the spray pattern. This was accomplished by
spraying PA solutions colored with dye against white paper. This was done in two steps. The
first was to give a rough idea of the pattern obtained for the various parameters in Table 5.
Figure 13 is a descriptive photograph of results from the third trial.

Solution A|r/L|qu:DdSiPressure, Observations
Acetone 30/3.5 Ace_tone evaporated at 6 into 7
in from nozzle assembly
2.5 wt% HyTemp®4451CG in 15/4 Binder was carried another 3 in
acetone past where acetone evaporated
1.75 wt% HyTemp®4451CG Acetone/MEK mixture carried
in 80 wt% acetone/20 wt% 20/3.5 binder from atomized state to
MEK transition region

Table 5. Initial Spray Pattern Tests Runs
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Turbulent Flow Regime

Transition Zone
e Suitable for coating
e 7into 10 in from nozzle

Laminar Flow Region

Figure 13. Spray Profile Analysis

Below are the results of all the spray pattern determinations with the 0.016 in and 0.064 in liquid

and air orifice diameters.

Air/Liquid Pressure, Spray Width at Different Spray

Solution psi (pound force per Distances
square inch) 3in | 6in | 9in |12in| 15in
Acetone 10/6 05in | 1.0in [15in|2.0in| 25in
175 9% solution with 30/5 0.5in | 1.0in | 2.5in|35in| 4.5in
2.5 Wt% acetone 10/3 0.5in | 1.0in |2.0in|25in| 4.0in
solution 15/5 0.5in | 1.5in |2.5in|3.5in| 45in
. 10/6.5 0.5in | 15in [2.0in|3.0in| 45in
5 wit% acetone solution - - - - -
20/6.5 0.5in | 1.0in [15in|3.0in|3.25in
5 wt% MEK solution 10/10 0.5in [1.75in{3.0in|3.0in| 45in

Table 6. Spray Width at VVarious Distances from Spray Cap
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Having established the spray pattern dimensions the next task was fluidizing the Mg
powder. The specification for the powder, Mil-DTL-14067, allows 60% of the powder to pass
through a No. 325 sieve. For the drum of powder purchased for this project instrumental particle
size analysis showed 100% less than approximately 105 um, 50% less than approximately 25 um
and 10% less than approximately 12 um. Consequently this wide range of powder size would
present a challenge for finding the optimum conditions for fluidization as described in the
discussion that follows. These initial fluidizing runs used the glass tub to enable observation of
the powder while being fluidized.

Four initial trials used 50 mg (milligram) to 100 mg of powder and slowly increased the
volumetric flow rate to the level were the powder was fluidized and moving through the tub.
Problems noted included:

e Leakage of powder through joints and a loosely fitting filter bag.

e Accumulation of powder on sides.

e Inability to sustain stable fluidization. While able to identify a flow rate that
fluidized the powder the intensity of the fluidization essentially ceased after a short
time.

Sealing the joints and better securing the filter bag fixed the leakages issues. An outlet
filter of 10 um mesh was installed to reduce the leakage for the second and third runs but overly
restricted air flow through the tub. A tighter fit for the filter bag was sufficient to reduce loss of
powder. At this point the extension pipe shown in Figure 5 was added. Made of steel it was 12
in long and flanged to mate with the other pieces. It gave extra volume for fluidization to better
develop and stabilize. Accumulation of powder was mitigated by use of the Wurster insert with
the sandwich inlet screens. Details for the screens were 1.5 in diameter center hole for the
nozzle assembly and mesh sizes of 5 um and 10 um. Further for the last three trials air was
passed through the air cap at 15 psi adding to the total air flow through the unit. While these
changes aided in minimizing leakage and accumulation of powder they did not assist preventing
the drop in fluidization. Observation of the dispersion of the powder indicated that this was
likely a function of the powder’s wide particle size range

Following the above, the first attempts at coating the Mg powder were made. The same
apparatus setup was used except that a 20 um outlet mesh was inserted to enable air flow. Three
runs were done involving 70 mg of Mg powder. The solution was 5 wt% HyTemp® CG4451 in
acetone and air and liquid pressures were 10 psi and 6 psi respectively. Mg was fluidized at
approximately 30 cubic feet per min to 35 cubic feet per min and then the solution sprayed. Run
times were 5 min. In summary there was little or no evaporation of the acetone resulting in
wetting of the tub and outlet filter surfaces and deposition of a paste of solution and powder on
the inlet mesh and nozzle assembly.

Effort now returned to fluidization of the powder alone. Since particle size range was
identified as a factor blocking steady fluidization sieving was performed to reduce it. The
process used 8 in No. 400 (38 mm [millimeter]) and No. 500 (25 mm) sieves with a bottom pan.
These were mounted on a Gilson sieve shaker and shaking done for five min for both 100 g and
200 g amounts. Considering both amounts together 60 wt% to 65 wt% of the powder was
retained on the No. 400 sieve with the balance on the No. 500. Negligible amounts passed
through the No. 500 sieve. This distribution didn’t match that reported by instrumental analysis.
This was expected since sieving of powder gives a low separation efficiency when particles are
finer than 38 um (No. 400 sieve)
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The fraction between the two sieves was fluidized in both the glass and steel tubs, one
run each. Operating conditions were 35 g of powder loaded, air cap pressure of 10 psi, 15 um
for the inlet mesh and 25 um for the outlet mesh. These parameters were changed from previous
runs to avoid deposition of a paste of solution and powder on the inlet mesh and spraying system
assembly and to increase airflow. In the glass tub most of the material stuck on the outlet filter
and for the metal tub went through the filter. FPP attributed this to the air pressure being too
high and/or the mesh sizes being too large. To mitigate this the setup of the sandwich inlet filter
was varied. The thinking was that high porosity toward the circumference and low porosity
toward the nozzle assembly would prevent powder buildup around the nozzle and aid in
fluidization. Also, the outlet filter was sealed tighter against the top edge of the glass tub. Air
pressure of 10 psi and outlet filter of 25 wm were retained for the tests involving the changes in
the inlet filter. Results of these tests, all performed using the glass tub, follow.

Sandwich Filter

Bottom Mesh Opening (xm)/Top Mesh Observations
Opening (um)/Diameter of Inside Numbers without units refer to blower settings

Cutout in Top Mesh (in)

Minimum for fluidization was 5. Able to fluidize
15/15/1.75 within 6 to 10 but not sustained due to powder loss.
Over 14 totally blew powder out through outlet screen.

No fluidization at 10 and below. Consistent fluidization
10/15/1.75 observed at 15 for 6 min to 8 min then disappeared.
Above 15 powder loss through outlet screen.

Test #1: No fluidization 10 and below. Stable
fluidization at 14 for 3 min to 15 min then ceased. At
18 and above powder is blown through outlet screen.

Test #2: Within 2 to 13 gradual fluidization noted.
Observable fluidization at 14 and powder loss through
outlet screen above 14.

10/10/1.75

Gradual fluidization at settings between 2 and 15 with
10/10/1.5 obvious achieved at 16 and then ceasing. Above 16
powder lost through outlet screen.

Observable fluidization began at 6. But was unstable

10/10/2 until 12. Above 12 powder lost through outlet screen.

Table 7. Powder Fluidization Results with Sandwich Inlet Filter

From the above data the 10/10/1.75 design gave the best chance of stable fluidization. There
remained the problem of powder exiting. At this point better control of air pressure both for the
air and liquid caps was installed to facilitate the fluidization and coating of the particles based
upon preceding experiences.
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Attention now shifted back to the sieving of the Mg powder. The objectives were
finding the minimum time needed to achieve the maximum amount of separation between the
sieves and the maximum amount of powder that could be sieved. Twenty five min was
identified and the weight was limited to 100 g. Both the fractions retained on the No. 400 sieve
and between the No. 400 and No. 500 sieves were set aside for the testing described in the next
two paragraphs. Approximately 19% of the powder was retained on the No. 400 sieve, 79% on
the No. 500 and the remaining 2% through the No. 500.

This stage of fluidizing powder attempted fluidization of both size fractions. Component
details were sandwich inlet filter sizing 10 um/10 um/1.75 in, 20 pm mesh outlet filter and
pressure through the air cap was kept below 5 psi.  The glass tub was used. Since the powder’s
particle size distribution was narrowed by sieving the extension pipe was removed. Four runs
were done with results described below. In each case fluidization went on for 15 min to 20 min.

Powder retained on No. Powder through No. 400 sieve,
400 sieve retained on No. 500 sieve
Trial Trial
Parameter #1 #2 #1 #2
Starting weight of
powder 40 ¢ 30¢g 3049 409
Blower se_ttl_ng for start 10 12 14 15
of fluidization
Powder cloud noted and
Eluidization Stable and 3 in then disappeared.
- above the Stable Not stable fluidization ~5 Stable
description e .
orifice in above
the orifice
Ending weight of About40g | 29 g after . 22.1 g after
powder after 15 min 20 min 1L/ QL 248 15 min

Table 8. Fluidization Trials with Sandwich Filter; Second Set of Tests

Evidently powder retained on the No. 500 sieve still contained powder finer than the mesh
opening (25 mm) since it went through the outlet filter evidenced by powder on top of the filter.
For the coarser fraction of powder stable fluidization was achieved indicating that lower pressure
in the air line and a finer mesh outlet filter diminished the loss of powder.

Another set of experiments spraying the PA solution on the Mg powder was conducted
again with the glass tub. Five runs were performed with the sandwich inlet filter sizing 10
um/10 um/1.75 in, 20 um mesh outlet filter and pressures through the air and liquid caps at 4.5
psi and 1.5 psi to 2.0 psi respectively. The essential process for all of these runs was.

e Fluidize powder to a minimal level — Introduce air into the spray coating hardware —
Increase fluidization air to achieve stable fluidization — Introduce liquid or solution into
the spray coating hardware — Continue until liquid or solution is used up — Keep air
flowing for five min afterwards

19

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.

(Unclassified)



(Unclassified)

The finer fraction of Mg powder was used in the first run. This run was not successful.
Liquid component was blue dyed isopropyl alcohol with no dissolved TPE. Flooding from the
solvent occurred within 10 s of it being introduced into the apparatus. Of the 30 g of powder
initially loaded only 13 g was recovered. The lost powder went out through the outlet filter. To
prevent this loss the remaining runs fluidized the coarser fraction of powder. Further these
subsequent runs cycled the spraying of solvent or solution. Liquid would be atomized for 5 s and
then spraying ceased until powder fluidization recovered to the level prior to spraying. This
strategy enabled both successful fluidization and coating of the powder particles. Details of
these runs follow. Like the first run blue dye was added to the liquid.

Value
Trial
Parameter #1 #2 #3 #4
Starting weight of
powder 359 359 359 359
(mi?ﬁﬁtg)LO g 400 mL 1.0 wig%
: 100% isopropyl ‘o | HyTemp®
Solution 100% acetone | wt% HyTemp .
alcohol . 4451CG in
4451CG in
acetone
acetone
Blower setting for start 12 11 11 11
of fluidization
Number of spraying 10 15 10 10
on-off cycles
Ending weight of 329 33.2¢ Not measured | Not measured
powder

Table 9. Fluidization and Spray Coating Trials with Sandwich Filter for Coarse Powder
Fraction

Trials #1 to #2 gave successful fluidization and wetting of the powder and Trial #3 resulted in
successful coating. For Trial #4 the slightly higher concentration of resin in the solution resulted
in the outlet pores being blocked with resin. Subsequently air flow was blocked with no further
fluidization and the powder agglomerating.
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To more efficiently obtain powder for future fluidization and spraying operations the
powder sieving process was reexamined. Nominal weights of 25, 50 and 100 g were sieved each
for 30 min, 35 min and 65 min respectively with sieve and pan fractions weighed every 5 min.
Results were similar to those obtained in the prior sieving operation however approximately 60
min of run time was necessary. To increase the amount of material per unit time three nests of
one No. 400 sieve and a bottom collection pan were shaken simultaneously. Seventy five grams
of powder was introduced into the top of each pan and all nests shaken for 75 min. This was
done numerous times to produced enough powder for the remaining program requirements.
Separation efficiency was not as good as prior sieving. Approximately 4 wt% of the powder was
retained on the No. 400 sieve. This fraction would be used in all work going forward because of
the inability to fully separate material retained on the No. 500 sieve and that passing through it.
Previous fluidizing runs demonstrated that significant amounts of material between the 400 and
500 sieves passed through the outlet filter screen implying that it was less than 20 um.

Mg fluidization in the metal tub, briefly evaluated before, was again examined since the
inlet filter design and Mg granulation were now fixed. These runs were done with no extension
tube, and for the first two no outlet filter and filter bag. The inlet sandwich filter configuration
remained at 10 um/10 um/1.75 in. Relevant data are shown as follows.

Value
Trial
Parameter #1 #2 #3 #4 #5 #6
Starting weight of powder 279 2979 | 2039 | 2279 | 2169 | 3519
Blower s_et_ting_ to begin 10 16 14 18 20 18
fluidization
Filter bag in place?/Outlet filter | No/No | No/No |Yes/20|Yes/ 20| Yes/20 | Yes/20
mesh size filter filter um pm um pum
Air pressure through air cap Noair | 45psi | 45psi | 4.5psi | 45psi | 4.5psi
Fluidization stable? Yes No Yes Yes Yes Yes
BBl Wrﬁ:ﬁhfthj’f dﬁ’z";’t‘:‘;ir after1S| 51g | og | 1979|2169 | 203g | 343¢

Table 10. Results of Powder Fluidization in Metal Tub

Addition of the outlet filter enabled stable fluidization of the powder with minimal loss through
the top of the apparatus.

Spray coating of the powder was now attempted in the metal tub. Values of operating
parameters that resulted in successful fluidization were maintained. For all of the runs in Table
11 the air pressure through the liquid cap was 1.5 psi.
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Value
Trial
Parameter #1 #2 #3
Starting weight of
powder 3509 34.3¢g 34.1¢
Blo_wer setting to 18 18 18 10 22
begin fluidization

Liquid component

100% acetone

1 wt% HyTemp®
4451CG in acetone

1 wt% HyTemp® 4451CG in acetone

Spray for 10 s every -
Coating process Spra_yed 4E_>0 5 min: 600ImL of Spray for 10 s every 2 min; stopped
mL in 1 min : after 13 cycles
solution
Ending weight of
nowder 3439 34.1g 29.8¢g
No Fluidization and spraying stopped
. . No agglomeration of | when outlet filter was blocked by
Observations | agglomeration q buildup of q d with resi
of powder powder uildup of powder coated with resin.

Powder on walls also.

Table 11. Fluidization and Spraying Trials in Metal Tub

PA resin buildup

Figure 14. Buildup of Powder with Resin on Outlet Filter
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Figure 15. Buildup of Powder with Resin on Inlet Filter Adjacent to Nozzle

To mitigate these problems the extension tube was inserted and the outlet filter was
switched to 30 um mesh size. These modifications would increase the volume and thus
residence time for the solution to contact the Mg particles and increase the air velocity through
the tub. Apparatus settings remained the same except the on off cycling was spray for five
seconds with five minutes no spray intervals. Thus for a 60 min run time there were 12 total
sprays. Air was blown for an additional 20 min to drive off residual solvent. This time was
verified as being sufficient by placing the coated powder in a vacuum dryer. Weight loss was
negligible indicating no remaining solvent. Further the solution was now 0.75 wt% HyTemp®

4451CG in acetone.

Trial

Parameter #1 #2 #3 #4 #5 #6
Starting amount of powder 7549 - 64.39|61.0g|6099|596¢g

Blower setting to begin fluidization 22 22 22 24 26 34
Powder on extension tube wall at end wll Y : 6.2g | 319 | 21g | 1.2g
Powder on tub wall at end - 6.8g | 3.0g | 0.7g | 0.3¢g
Powder on inlet filter at end - 135609|48.09|54.89|56.79|57.7¢g
Total powder amount - |16439|61.0g|609¢g|59.6g|59.2¢g
Powder lost - - 33g | 01g | 13g | 049¢

- Means weight was not measured

Table 12. Fluidization and Spraying Trials in Metal Tub Incorporating Extension Tube
and Larger Mesh Outlet Filter
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This data demonstrates that coated powder can be produced in the metal tub provided that the
extension tube is in place. Reducing the starting weight of powder and increasing the blower
setting assisted in lowering the amount of powder on the tub and extension tube walls. Soxhlet
extraction yielded a coating amount of 2.39 wt% on a random sample of coated powder from
these trials.

Before further work with the fluidized bed system the borescope camera system was
installed. It greatly assisted in knowing what was occurring in the metal tub. A run with powder
fluidization only was performed to understand its capability. The pictures below depicts what
the camera by the nozzle assembly was seeing.

No air flow

Blower setting = 8

Blower setting = 11 Blower setting = 21
Figure 16. Borescope Camera Images of Fluidized Powder in Metal Tub

Using the parameters for fluidization and spraying that gave the results shown in Table
12 further operation of the apparatus sought to optimize the following parameters to coat enough
powder for pellet testing

e Starting weight of Mg powder

e Concentration of HyTemp® 4451CG resin in acetone

¢ Identify maximum amount of resin that could be coated onto the powders with a

desired amount of 5 wt% but actual range anticipated 2 wt% to 3 wt%.

The operation was stopped when the camera’s video showed no further fluidization although as
above air flow continued for 20 min afterwards to drive off residual solvent. Four trials were
conducted. Table 13 gives the operating parameters and end states for these. Observations on
each run are in paragraphs that follow.
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Parameter Trial #1 Trial #2 Trial #3 Trial #4
Starting amount of
oowder 130.0g 90.9¢ 90.1g 75.0 ¢
Solution 1.5 W% 1.5 W% 1.5 Wt% 1.0 Wi%
concentration
Amount of solution
sprayed 286.2 g 1145¢g 206.9 g 99.3¢
Powder remaining
after 16 h processing A S S230 L
Powder lost 2539 2.79 760 3.8¢0
NI GO 4.1 Wt% 1.9 Wi% 3.8 Wi 1.4 W%
content
Coating content_wa 2.00 wt% Not done Not done 1.38 wt%
Soxhlet extraction

*= Solution concentration x Solution sprayed/Powder remaining

Table 13. Results of Initial Trials to Produce Coated Mg Powder for Flare Pellets

Trial #1 contained 14 shutdowns to clean the outlet screen and seven to clean around the
nozzle assembly and tub wall. The amount of powder loaded at the beginning strained the
system’s capability to efficiently operate. When loaded it nearly reached the top of orifice on
the nozzle assembly and lead to dense packing that interfered with coating effectiveness,
increased agglomeration and deposited powder on the tub walls. Reduction of the powder
amount improved the situation but agglomeration was still present. For Trial #3 the amount of
solution sprayed was increased to ostensibly raise the percentage of coating. Agglomeration
occurred again. Consequently both the amount of powder to be coated and the binder content of
the solution were reduced. These changes limited agglomeration.

Based upon the above the following configuration details were applied to produce the
coated Mg powder for fabrication of pellets. The overall schematic is that shown in Figure 5.

Inlet filter: Sandwich design with 10 um mesh over 10 um mesh with 1.75 in radius
inside cutout for top mesh.

Outlet filter: 30 um mesh with no filter bag.

Extension pipe length: 12 in.

Air pressures for air and liquid caps respectively: 4.5 psi and 1.5 psi

Mg particle size: Retained on No. 400 sieve (> 38 um).
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The operating procedure started with the preparation of the powder by shaking three
sieve nests simultaneously and dissolution of binder into solvent through a magnetic stirrer for 8
hto 10 h. After these materials were weighed and loaded into their appropriate spots the
process was begun by turning on the fluidized bed blower to achieve fluidization. This was
followed by spraying of the solution using the five seconds on/five minutes off cycle. After one
hour the system was shut down and the walls and outlet filter were cleaned with a brush. The
entire run ended when powder could no longer be fluidized even at the maximum blower setting
due to agglomeration and increased particle weights because of the coating. Air was kept
blowing through the apparatus to remove excess solvent. Remaining solution was weighed.
Powder collected from the inlet filter and tub walls was vacuum dried at 30 degrees Centigrade
for six h and then weighed. Samples were collected from each batch produced and analyzed per
Soxhlet extraction. Six batches were made with details shown below. The amount of coating
was limited by the bed’s maximum volumetric air flow. Had this been greater more solution
could have been sprayed while maintaining stable fluidization.

Batch 1 | Batch 2 | Batch 3 | Batch 4 | Batch 5 | Batch 6
Starting Amount of Powder (g) 75.0 75.4 75.3 65.6 73.9 72.9
Binder concentration (wt%) 1.5 1.0 1.0 1.0 1.0 1.0
Blower setting to begin 12 13 11 10 10 15
fluidization

Solution Sprayed (g) 99.3 83.7 75.3 102.4 79.6 76.8

Coated powder recovered () 71.2 66.1 73.0 64.0 69.1 69.9

Nominal coating (wt%) 2.09 1.27 1.03 1.60 1.15 1.10

Coating per extraction (wt%) 1.38 1.62 1.87 2.16 2.13 1.89

Table 14. Data on Batches of Coated Mg Produced for Pellets

In total approximately 413 g of coated Mg powder were prepared for PTD to blend with PTFE
and then press the resulting compositions into pellets. The next subsection describes the results
of the radiometric testing with these pellets.

26

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.
(Unclassified)




(Unclassified)

Radiometric Evaluation of Pellets

Data is shown in the following table and plots. Figures 18 — 20 are arranged to
graphically reflect the values in Tables 14 -16. The control charts, Figures 21 — 23, are included
to show point to point spread.

. Number Data | Average, Standard Maximum Minimum
Formulation . .
Points S Deviation, s Value, s Value, s
Low Coated Mg 10 2.71 0.39 3.32 2.12
Mid Coated Mg 10 ot WS 261 Ca
High Coated 10 1.87 0.07 197 1.76
Mg
Low Uncoated 6 4.92 0.34 5 37 4.61
Mg
Mid Uncoated 5 4.07 0.12 430 3.96
Mg
High Uncoated ; 3.92 0.16 495 3.75
Mg
Table 15. Burn Times for Flare Pellets
Formulation Numb(_er AV(eVI\‘IZQt]f,p\é\r//SI’ SZ?/?:t?gg MU ST
Data Points : ! Value, W/sr | Value, W/sr
steradian) W/sr
Lowl\%gated 10 2227 516 3.185 1,463
M'd,\ﬁgated 10 2511 165 2 805 2313
H'gh,v?;ated 10 3775 289 4.396 3.379
Low Uncoated 6 1,228 50 1,278 1,157
Mg
Mid lfvrl‘goated 6 1,482 126 1,647 1,274
High L,\J/I”gcoated 7 1,706 67 1,766 1574

Table 16. Peak Radiant Intensities for Flare Pellets
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Formulation Number Average, Standard Maximum Minimum
Data Points W/sr Deviation, W/sr | Value, W/sr | Value, W/sr
Low I\Sllgated 10 2,794 136 3,005 2,567
Mldl\(/llgated 10 2,891 131 3,113 2,718
H'ghlv?goated 10 2,926 174 3,177 2,716
Low Uncoated 6 2762 73 2,860 2,668
Mg
Mid lIJVrI\;oated 6 2,920 277 3,146 2,399
High LI\J/Ingcoated 7 3,277 96 3,448 3,147

Table 17. Integrated Radiant Intensities for Flare Pellet

P

Standard Deviation

<«— Maximum Value

«—— Average

1 «—— Minimum Value

Figure 17. Guide to Comparison Charts Below
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Coated Low Mg% Coated Mid Mg% Coated High Mg% Uncoated Low Uncoated Mid
Mg% Mg%
Figure 18. Comparison for Pellet Burn Time
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Coated Low Mg% Coated Mid Mg% Coated High Mg%  Uncoated Low Uncoated Mid
Mg% Mg%
Figure 19. Comparison for Peak Radiant Intensity
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Figure 20. Comparison for Integrated Radiant Intensity
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Figure 21. Burn Time Control Chart
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Figure 22. Peak Radiant Intensity Control Chart
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Figure 23. Integrated Radiant Intensity Control Chart
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Given the limited amount of pellets tested no quantitative analysis for comparison can be
made. Further, the small size of the pellets also had influence upon the spread of data points.
Nevertheless qualitative trends can be noted. Burn time for both uncoated and coated
formulations increased with decreasing Mg content as would be likely. When comparing coated
and uncoated formulations at each Mg content the coated burned approximately twice as fast.
Peak radiant intensities for both coated and uncoated formulations the intensities were
proportional to the Mg content, also anticipated. And the coated formulations had higher values
than the uncoated. This would be an expected outcome since their burn times were faster. The
key parameter is integrated radiant intensity. This may be thought as the energy measured for
the composition within the 3um to 5 um bandwidth. Since each unique formulation has the
same constituent amounts the averages for a given formulation should be the same regardless of
the coating on the Mg. Indeed this seems to be the case for the low and medium content Mg
formulations. However at the high Mg content the uncoated is definitively higher by
approximately 12%.

Conclusions and Implications for Future Research

Radiometric testing was the determinant in concluding whether pellets containing Mg
coated in the fluidized bed process could yield performance equivalent to those made via the
current process. The results obtained showed a rough similarity that would justify further scale
up and optimization of the process.

Within the process itself parameters were established that were able to give stable
fluidization and spraying of the binder solution on the Mg particles. As discussed achieving this
took considerable effort to the extent that there was insufficient funding to complete all of the
tasks in the original project plan. Future work, if pursued, would include the following
modifications and goals.

e Mg powder requires a narrower particle size range then allowed by Mil-DTL-
14067. The vendor can efficiently provide this as they routinely sell powder to
many customers who request tailored granulation and particle size ranges. Doing
it internally is a waste of labor.

e Inclusion of solvent recovery. This would enable the system to minimize VOC
release to the atmosphere and meet the SON’s objectives.

e Increase the amount of coating on the Mg powder. Binder level in the Mg-PTFE-
TPE composition is typically 5 wt% to 10 wt%. If for example the formulation of
these constituents is 55 wt%/45 wt%/5 wt% then the percentage of binder on the
Mg alone would need to be approximately 11 wt%. Sufficient air flow through
the apparatus would be necessary to fluidize the increased weight of the particles
due to more binder.

e Perform physical characterization of the coated Mg powder to include particle
size analysis and SEM imaging. SEM imaging would also be done on the Mg-
PTFE-TPE composition. These analyses would assist in determining the extent
and consistency of coating on the Mg particles.

e Validate that Soxhlet extraction is the best method for analyzing the amount of
coating on the powder.
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e Determine ESD sensitivities on (Coated) Mg-PTFE-binder composition

e Attempt to coat both Mg and PTFE simultaneously. This is a non-trivial
objective as there are differences in particle densities, shapes and other factors.
Prior to doing this the SEM analysis on flare composition made the standard way
would assist in knowing if the coating adheres equally to both the Mg and PTFE.
The current assumption is that it does. If the majority is on the Mg then there
would be no advantage in trying to also coat the PTFE.

e Attempt to spray the EVA melt and coat the fluidized Mg with it. Success of this
would be dependent upon the ability to spray a very viscous liquid and enable its
adherence to Mg particles while still in a liquid state.
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Appendix

Eormulation Pellet Burn Peak Radiant Integrated Intensity,
Number | Time,s Intensity, W/sr W-s/sr
Coated Low Mg 1 2.18 2,749 2,775
Coated Low Mg 2 2.12 3,185 2,905
Coated Low Mg 3 2.75 2,260 2,791
Coated Low Mg 4 2.42 2,717 2,880
Coated Low Mg 5 2.94 1,995 2,813
Coated Low Mg 6 2.72 2,193 3,005
Coated Low Mg 7 2.85 1,995 2,874
Coated Low Mg 8 2.64 1,853 2,591
Coated Low Mg 9 3.32 1,463 2,567
Coated Low Mg 10 3.14 1,862 2,742
Coated Mid Mg 1 2.47 2,453 3,034
Coated Mid Mg 2 2.48 2,313 2,728
Coated Mid Mg 3 2.47 2,537 2,917
Coated Mid Mg 4 2.48 2,437 2,760
Coated Mid Mg 5 2.56 2,689 3,113
Coated Mid Mg 6 2.61 2,611 2,933
Coated Mid Mg 7 2.50 2,593 2,859
Coated Mid Mg 8 2.54 2,332 2,718
Coated Mid Mg 9 2.53 2,805 2,980
Coated Mid Mg 10 2.51 2,340 2,864
Coated Hi Mg 1 1.95 3,379 2,716
Coated Hi Mg 2 1.82 3,940 3,081
Coated Hi Mg 3 1.97 3,438 2,778
Coated Hi Mg 4 1.90 3,736 2,804
Coated Hi Mg 5 1.83 3,749 2,908
Coated Hi Mg 6 1.95 3,870 3,177
Coated Hi Mg 7 1.78 4,396 3,150
Coated Hi Mg 8 1.87 3,561 2,891
Coated Hi Mg 9 1.84 3,813 3,030
Coated Hi Mg 10 1.76 3,866 2,723
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Uncoated Low Mg 1 Data Not Recorded
Uncoated Low Mg 2 5.34 1,157 2,713
Uncoated Low Mg 3 5.37 1,264 2,668
Uncoated Low Mg 4 4.72 1,252 2,817
Uncoated Low Mg 5 4.70 1,175 2,860
Uncoated Low Mg 6 4.61 1,278 2,720
Uncoated Low Mg 7 4.78 1,243 2,796
Uncoated Mid Mg 1 Data Not Recorded
Uncoated Mid Mg 2 4.03 1,464 3,036
Uncoated Mid Mg 3 4.04 1,274 2,399
Uncoated Mid Mg 4 3.96 1,437 2,847
Uncoated Mid Mg 5 4.00 1,513 2,969
Uncoated Mid Mg 6 4.30 1,647 3,122
Uncoated Mid Mg 7 4.11 1,557 3,146
Uncoated Hi Mg 1 3.93 1,762 3,147
Uncoated Hi Mg 2 4.25 1,679 3,348
Uncoated Hi Mg 3 3.75 1,766 3,246
Uncoated Hi Mg 4 3.85 1,574 3,256
Uncoated Hi Mg 5 3.82 1,710 3,448
Uncoated Hi Mg 6 3.96 1,751 3,221
Uncoated Hi Mg 7 3.92 1,698 3,272

Table 18. Radiometric Test; Values for Individual Pellets
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