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ADDITIVE MANUFACTURING USING
PRESSURIZED SLURRY FEED

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure claims priority to United States Provisional Patent

Application No. 62/051,227, filed September 16, 2014.

BACKGROUND

[0002] Rocket motors and the like include solid energetic materials that, upon

ignition, generate pressurized gases that can be expelled through a nozzle to produce thrust.

The solid energetic is typically cast, molded, and/or machined into the desired shape of the

rocket motor.

SUMMARY

[0003] An additive manufacturing process according to an example of the present

disclosure includes pressurizing and heating a slurry, flowing the pressurized heated slurry

through a nozzle, and depositing the slurry in a predetermined pattern.

[0004] In a further embodiment of any of the forgoing embodiments, the heating

is performed in a heating block adjacent to and upstream of the nozzle.

[0005] In a further embodiment of any of the forgoing embodiments, the heating

is performed in the nozzle.

[0006] In a further embodiment of any of the forgoing embodiments, the heating

is to a temperature that is equal to or greater than a cure temperature of the slurry.

[0007] A further embodiment of any of the foregoing embodiments includes

commencing a solvation of a polyvinyl chloride component of the slurry during the heating.

[0008] A further embodiment of any of the foregoing embodiments includes

commencing hardening of the slurry during the depositing of the slurry.

[0009] A further embodiment of any of the foregoing embodiments includes

feeding the slurry from a pressurized vessel to the nozzle. Te pressurized vessel has a

pressure of approximately 20 to 500 pounds per square inch.

[0010] In a further embodiment of any of the forgoing embodiments, the heating

is at approximately 170 to 220°F.

[0011] In a further embodiment of any of the forgoing embodiments, the slurry

includes a plastisol and a solid energetic material.



[0012] In a further embodiment of any of the forgoing embodiments, the plastisol

includes at least one of polyvinyl chloride or nitrocellulose.

[0013] In a further embodiment of any of the forgoing embodiments, the plastisol

includes at least one of a phthalate plasticizer or an adipate plasticizer.

[0014] In a further embodiment of any of the forgoing embodiments, the plastisol

includes a ratio, by weight, of polyvinyl chloride to the plasticizer that is in a range of 80:20

to 20:80.

[0015] In a further embodiment of any of the forgoing embodiments, the slurry

includes, by weight, approximately a 1:1 ratio of a plasticizer and at least one of polyvinyl

chloride or nitrocellulose, and up to approximately 85% of a solid energetic material.

[0016] An additive manufacturing process according to an example of the present

disclosure includes heating a nozzle to a temperature that is equal to or greater than a cure

temperature of a slurry, passing the slurry through the nozzle to initiate curing of the slurry,

and dispensing the curing slurry from the nozzle with respect to a computerized pattern.

[0017] A further embodiment of any of the foregoing embodiments includes

feeding the slurry from a pressurized vessel to the nozzle. The pressurized vessel has a

pressure of approximately 20 to 500 pounds per square inch.

[0018] In a further embodiment of any of the forgoing embodiments, the slurry

includes a solid energetic material.

[0019] In a further embodiment of any of the forgoing embodiments, the slurry

includes a plastisol and a solid energetic material.

[0020] In a further embodiment of any of the forgoing embodiments, the plastisol

includes at least one of polyvinyl chloride or nitrocellulose and at least one of a phthalate

plasticizer or an adipate plasticizer.

[0021] In a further embodiment of any of the forgoing embodiments, the plastisol

includes a ratio, by weight, of polyvinyl chloride to the plasticizer that is in a range of 80:20

to 20:80.

[0022] In a further embodiment of any of the forgoing embodiments, the

dispensing includes depositing multiple layers of the slurry on top of one another with respect

to the computerized pattern.



BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The various features and advantages of the present disclosure will become

apparent to those skilled in the art from the following detailed description. The drawings that

accompany the detailed description can be briefly described as follows.

[0024] Figure 1 illustrates an example additive manufacturing process.

[0025] Figure 2 illustrates an example system for performing the process of

Figure 1.

DETAILED DESCRIPTION

[0026] Figure 1 illustrates an example additive manufacturing process 20 and

Figure 2 depicts an example system 40 for performing the process 20. As will be described,

the process 20 can be used to form, or "print," solid energetic materials or other materials into

desired geometries. For example, solid energetic materials can be printed into desired three-

dimensional geometries for rocket motors and the like.

[0027] The process 20 is described herein with respect to steps 22, 24, and 26, and

the system 40. Additional processing steps may be used prior to, in between, or subsequent to

the steps 22, 24, and 26. Generally, the system 40 includes a vessel 42 that holds a slurry 44,

a nozzle 46 for dispensing the slurry 44, and one or more lines 48, such as pipes or tubes,

through which the slurry 44 moves from the vessel 42 to the nozzle 46. The nozzle 46 may

include a heating block 46a. Alternatively or additionally, the heating block 46a may be

located adjacent to and upstream of the nozzle 46, as shown at 46a'. The vessel 42, the line

48, and the nozzle 46 may include one or more valves, one or more pumps, or the like for

moving the slurry 44. A controller 50 is in communication with at least the nozzle 46 and

may also be in communication with the vessel 42, the line 48, heating block 46a/46a', and any

valve(s) or pump(s), to control operation of the system 40. In this regard, the controller 50

includes hardware, such as a micro-processor, software, or both, that are configured and/or

programmed to carry out the process 20.

[0028] For printing a solid energetic material, the slurry 44 can include a mixture

of a plastisol and solid energetic material. A plastisol is a mixture or suspension of polymeric

particles in a liquid plasticizer. For instance, the plasticizer includes phthalates, adipates, or

combinations thereof. Phthalates can include, but are not limited to, diisononyl phthalate

(DINP), diisodecyl phthalate (DIDP), and di-2-ethylhexyl phthalate, and adipates can

includes, but are not limited to, dioctyl adipate (DOA) and dioctyl sebacate (DOS). For

example, the plastisol includes polymeric particles of at least one of polyvinyl chloride or



nitrocellulose and a liquid plasticizer. The solid energetic material is also provided in particle

form and is mixed with the plastisol.

[0029] The solid energetic material is selected according to the desired end use

requirements. For example, the solid energetic material can include, but is not limited to,

metallic fuels, oxidizers, and fuel/oxidizer blends. The solid energetic material may also

include one or more inert binders, burn modifiers, stabilizers, and the like. In one example,

the slurry 44 includes, by weight, approximately 7.5% of polyvinyl chloride, approximately

7.5% of a plasticizer, and approximately 85% of the solid energetic material. In a further

example, the solid energetic material includes, by weight, approximately 18% of metallic

fuel.

[0030] Turning again to the process 20, at step 22 the slurry is pressurized and

heated. The slurry 44 is pressurized to facilitate flow from the vessel 42 through the line 48 to

the nozzle 46. For example, the slurry 44 is pressurized in the vessel 42 at approximately 20

to 500 pounds per square inch. The slurry 44 is then fed under this pressure from the vessel

42 to the nozzle 46. The pressurization also facilitates suppression of curing prior to the

nozzle 46 to reduce "globbing." In one further example based on the slurry composition

described above that includes at least one of polyvinyl chloride or nitrocellulose, dioctyl

adipate, and solid energetic material, the slurry 44 has a viscosity that is less than 20

kilopoise, is pressurized in the vessel 42 at approximately 30 to 40 pounds per square inch,

and is heated to approximately 170 to 220 °F.

[0031] The slurry 44 may be at substantially ambient temperature until the

heating. In this regard, in one example, the process 20 includes heating the slurry 44 in the

nozzle 46 via the heating block 46a. Alternatively, if the heating block 46a' is used, the slurry

44 is heated prior to the nozzle 46. The slurry 44 may be fully uncured or substantially fully

uncured prior to being heated. At the proper temperature and pressure, the heating

commences solvation of the polymeric particles (e.g., polyvinyl chloride) by the liquid

plasticizer.

[0032] At step 24 the pressurized heated slurry 44 flows through the nozzle 46,

and at step 26 the slurry 44 is deposited from the nozzle 46 in a predetermined pattern.

Although the slurry 44 is pressurized and heated to the appropriate temperature at the heating

block 46a or 46a' of the nozzle 46, the slurry 44 may reach a substantially fully cured or

hardened state after being dispensed from the nozzle 46 and cooled. For instance, depending

on the flow of the slurry 44, solvation and curing may begin in the nozzle 46 or after

dispensing from the nozzle 46. In one example, heating to a temperature equal to or greater



than a cure temperature of the slurry commences solvation of the polymeric particles by the

liquid plasticizer and thus initiates curing and hardening of the slurry 44.

[0033] The predetermined pattern may be a computerized pattern of the article

being formed. In this regard, the nozzle 46 moves back and forth to selectively deposit the

slurry 44 in the computerized pattern. Additionally or alternatively, the substrate on which

the slurry 44 is dispensed can be moved according to the computerized pattern. Multiple

layers of the slurry 44 can be selectively deposited on one another to build-up the article in

accordance with the computerized pattern.

[0034] In further examples, the nozzle 46 is also designed or selected with respect

to the slurry composition. For instance, since the slurry 44 contains polymeric particles and

solid energetic material particles, the dispensing orifice of the nozzle 46 through which the

slurry 44 is deposited is at least as large as the largest particles in the composition. More

typically, the orifice may be at least several times larger than the largest particles in the

composition, to reduce bridging and plugging of the nozzle 46. For instance, the nozzle

orifice can be, but is not limited to, 1/64 to 3/64 inches.

[0035] In a further example, the composition of the slurry 44 is selected with

respect to the amount of heating provided at the heating block 46a or 46a'. For instance, the

slurry composition has a ratio, by weight, of 80:20 to 20:80 with respect to the amount of

polyvinyl chloride and/or nitrocellulose to the amount of dioctyl adipate. In a further

example, the ratio is 60:40 to 40:60.

[0036] Although a combination of features is shown in the illustrated examples,

not all of them need to be combined to realize the benefits of various embodiments of this

disclosure. In other words, a system designed according to an embodiment of this disclosure

will not necessarily include all of the features shown in any one of the Figures or all of the

portions schematically shown in the Figures. Moreover, selected features of one example

embodiment may be combined with selected features of other example embodiments.

[0037] The preceding description is exemplary rather than limiting in nature.

Variations and modifications to the disclosed examples may become apparent to those skilled

in the art that do not necessarily depart from this disclosure. The scope of legal protection

given to this disclosure can only be determined by studying the following claims.



CLAIMS

What is claimed is:

1. An additive manufacturing process comprising:

pressurizing and heating a slurry;

flowing the pressurized heated slurry through a nozzle; and

depositing the slurry in a predetermined pattern.

2. The process as recited in claim 1, wherein the heating is performed in a heating block

adjacent to and upstream of the nozzle.

3. The process as recited in claim 1, wherein the heating is performed in the nozzle.

4. The process as recited in claim 1, wherein the heating is to a temperature that is equal

to or greater than a cure temperature of the slurry.

5. The process as recited in claim 1, further comprising commencing a solvation of a

polyvinyl chloride component of the slurry during the heating.

6. The process as recited in claim 1, further comprising commencing hardening of the

slurry during the depositing of the slurry.

7. The process as recited in claim 1, further comprising feeding the slurry from a

pressurized vessel to the nozzle, the pressurized vessel having a pressure of approximately 20

to 500 pounds per square inch.

8. The process as recited in claim 1, wherein the heating is at approximately 170 to

220°F.

9. The process as recited in claim 1, wherein the slurry includes a plastisol and a solid

energetic material.

10. The process as recited in claim 9, wherein the plastisol includes at least one of

polyvinyl chloride or nitrocellulose.

11. The process as recited in claim 10, wherein the plastisol includes at least one of a

phthalate plasticizer or an adipate plasticizer.

12. The process as recited in claim 11, wherein the plastisol includes a ratio, by weight, of

polyvinyl chloride to the plasticizer that is in a range of 80:20 to 20:80.



13. The process as recited in claim 1, wherein the slurry includes, by weight,

approximately a 1:1 ratio of a plasticizer and at least one of polyvinyl chloride or

nitrocellulose, and up to approximately 85% of a solid energetic material.



14. An additive manufacturing process comprising:

heating a nozzle to a temperature that is equal to or greater than a cure temperature of

a slurry;

passing the slurry through the nozzle to initiate curing of the slurry; and

dispensing the curing slurry from the nozzle with respect to a computerized pattern.

15. The process as recited in claim 14, further comprising feeding the slurry from a

pressurized vessel to the nozzle, the pressurized vessel having a pressure of approximately 20

to 500 pounds per square inch.

16. The process as recited in claim 14, wherein the slurry includes a solid energetic

material.

17. The process as recited in claim 14, wherein the slurry includes a plastisol and a solid

energetic material.

18. The process as recited in claim 17, wherein the plastisol includes at least one of

polyvinyl chloride or nitrocellulose and at least one of a phthalate plasticizer or an adipate

plasticizer.

19. The process as recited in claim 18, wherein the plastisol includes a ratio, by weight, of

polyvinyl chloride to the plasticizer that is in a range of 80:20 to 20:80.

20. The process as recited in claim 1, wherein the dispensing includes depositing multiple

layers of the slurry on top of one another with respect to the computerized pattern.
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