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Application of Supercritical Fluid in Energetic Materials Processes
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ABSTRACT

Micro- or nano-size particles are required to improve the combustion efficiency and stability in the
case of solid explosives and propellants. The micro-structural properties of an energetic material strongly
influence the combustion and explosion behavior. However, the traditional size reduction techniques,
including milling, are not suitable for production of ultra-fine size particles. As an alternative to the
traditional techniques, various re-crystallization processes based on supercritical fluids have recently been
proposed. Supercritical fluids are fluids at temperatures and pressures above their critical point. In
principle, they do not give problems of solvent contamination as they are completely released from the
solute when the decompression occurs. Rapid Expansion Supercritical Solutions(RESS) and Supercriticat
Anti-Solvent Process(GAS/SAS) are representatives of a nano-size particle formation process of energetic
materials using supercritical fluids. In this work, various fine particle formation processes using
supercritical fluids are discussed and the results are presented.

R7]&8|(FAo]) : Supercritical Fluids(ZQAFA)), Energetic Materials(Zo]1 X 83), Nano-Size Particle(\}=
AH), Rapid Expansion Supercritical Solutions(RESS), Supercritical Anti-Solvent Process
(GAS/SAS)
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[z12] 1] Steps in the production of energetic materials
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E 1] Supercritical fluids recrystallization techniques
and conventional methods for some particle

size redistribution ranges®

Particle size (um)

Techniques 500~ {150~ | 50~

10~

1000 | 500 | 150 | 50 | <10 <
Cutting mills | Yes | Yes | No | No | No | No
Crusher Yes | No | No | No | No | No
Umversa.l and pin Yes | Yes | Yes | Yes | No | No
mills
Hammer mill | Yes | Yes | Yes | Yes | No | No
Mechanical mills
with internal No | Yes | Yes | Yes | No | No
classifier
High-compression
roller mills and | No | No | No | Yes | Yes | No
table roller mills
Jet mills No | No | No | Yes | Yes | No
Dry-medial mills | No | No | No | Yes | Yes | No
Wet-media mills | No | No | No | No | Yes | Yes
Recrystalllzgtlon Yes | Yes | Yes | Yes | Yes | Yes
from solutions
Spray drying - - - - 1 Yes | Yes
Supercritical fluid Yes | Yes | Yes | Yes | Yes | Yes

techniques
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[2& 2] Supercritical fluid region in pressure-
temperature diagram
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3. Rapid Expansion of Supercritical
Solution(RESS)

RESS #3(28 3)2 yx YA wE7|E A3
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AR ¥y} Gow AR AFo] siEsiE o]
AAte] =7l AXA "ok RESS 322 dojdl
Aztel e AR &, &= 2w g o o
B4 gEAE 78, AR, g B 5% 2 2y
& Ado. RESS 34L 2R 2 2974 FAD
& AHg3) HRd) 3E 471 47k gle AAE
Az % 9l Aol Ytk RESS THIA &7}
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RESS

3HEo] Be A A Ee ok oz AN
o}t 29A &Ho] B % 9 nEAE B4 B 2
A= HEHed 4e9e nEAE 1R Ao
2 N2 o oAk AR 18R HAEe o
A 1~5m AE7}F ot f7188Ee 294 &=
= COy, nitrous oxide, trifluoromethane, ethylene,
pentane 5°] AMEHT £HTE FHAIFY] HSIA
F PAE Az FA4 §uidd dg-g, s, ok
E 5% A3V IE stk

RESS FA¢ AL uud Y473 BX7} F1
B Aol 4 wolaz 79 4AE ¢ Be
A dE F dge Zold. Hge] AAs e Ax
FHo] FAd doun 4 el &uizt EA3)
A A Bt YAE FAse o] HuF d¢dt
o oxtel A FA B/ AT HekdEnh 2
#u RESS FA3L 244 fAd &3i=ls 2
o Aol Jhsdla uiRE #4 U =29 &)
=7F @) gEo Fe %9 dAE vEE Hd=

\ \
Solid HNIW

2,4,6,8,10,12- hexanitrohexaazaisowurizitane

dissolved
HNIW in SF

Micronized
HNIW

[23 3] Rapid Expansion of Supercritical Solution Process

80/ S FAIA8L 7| %832 A9B A3E (20061 9Y)



g ¥ 294 FAt 2859 @HE JHAT

S,)\q_[lo].

4. Supercritical Anti-Solvent(SAS)/Gas
Anti-Solvent(GAS) 23
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[Z218 4] SAS/GAS process diagram
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5. Aerosol Solvent Extraction System(ASES)
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[23 5] ASES process diagram
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(@) nozzle ID=100um (b) nozzle 1D=15Qum

[2& 6] Sample SEM images of RDX particles
produced at 363K and pressure 15.0MPa
using heatable nozzle. The particle sizes
are 115£35nm(a) and 140+30nm(b)™

1 g Holston Class-5 RDX

Nanocrystalline RDX

[Z12 71 Comparison of bulk volume of Nano-
crystaline RDX with Class-5 RDX!™

(Differential Scanning Calorimeter)& ©|-g-3le] &
T3E £ AR 719 class 5 RDX 479 4
- 2043TC, A" Y= A FS 2045C2H A
9] BYS & THe AoE Yelyt) ofgd AL
a9 89 Ve XRD B4 2w & dxste
Aoz JA7, BEL To] H3sINE ¥ RDXEA
9] 7B BEAHL fAHe A9E dut

Teipel 5°& TNT(Trinitrotoluene) %+ NTO(1,2,4
-Triazole-5-one) YAE RESS AL o] &3te] A
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A B A Rl modlfleriﬂi I EL ALE-3}
pii=g TNT._ =Z A% Wty o2} 242 14, 10m

2719 Y4 2Rem $PE BAS Jerhdch
NTOY Z%ole vhs 2o¥e) At B3 $3AE
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[J% 8] X-ray diffraction spectra for the precursor
RDX and recrystallized RDX™

1 Parcitar 4. vere. wiFy
LTS 00012 o

[3& 9] SEM pictures of particles from RESS
process®

Marioth 5™ HNIW(CL-20 or hexanitro-
hexaazaisowurzitane) YAE AZ3FHoH o]ikslet

Ao Mgt} £38]8e] & trifluoromethane(CHF3)&
2YA $42 AMskgnk oF 15MPa, 80°C Z7d
A 2E g UAJE dAY F7e 1~10me] HAE
7HRE Ao Bastych

7. GAS 3FE 0|88 stet Xt H=

Gallagher S"&  GAS AL o83y
nitroguanidine ]2 YAE AZFo2H HE2
supercritical antisolvent(SAS) F4E o|&3F Y=}t
AxE Al=dtgeh oldstegisr NMP(N-Methyl-
2-Pyrrolidone)& 9892 AMEslHen H¥3le
7} NQ 239 2714 2% & 9T& vxe A
< Azt 80 Y St S5 wet
{2 @277 o whA AAEHes £u 7dd
EXE Jehidlon g9 33 Hzg 7= 59
ZAZRAL HIAZY w2} sphere, large crystal,
snowball, starburst ¥ o8 7}A ¥y 2 I
(morphology)”} 84HE A& B2

Gallagher 5"%2 ¢4 =712 Z7MA71 WA
HE AF Ao A F50] gl FAS] RDX
PAE Az3AE RDXY A5S AsiA7]le HMX
(cyclotetramethylene-tetranitramine)”’} GAS Z4
S AAEA AA=He] HMX7F &7 ¢E RDX
PAE EE F Uk I8y Y &xo wet
4= 27 ge7l AREHe Ao yehgon of
A& BohE cyclohexanoned §& AL&3l8E A
T A2 ¥t o g9ty Ar|s gasE

Krukonis $'7¢ GAS #1274 3Hgas antisolvent
recrystallization) 38E& ©)83l9 dA474 2 RE¥L
Alold RDX, NQ ¥A5 AZ3tdch GAS 33
F8 ZH ¥g oligear FYL=e &)
HAA dat A7) "R FEFE FAsIYe

FHEEI SHEE dAEE Ay Z7e
52815
Cai S'e 29A olislelrs d4v)z AL83)
04 oME SO ZHE HMXY mlo)az gxte) ¥

4 &5y 243 £25 #ESIYTh 40T RN
ﬁ—HMX g AZX3AE Cai 52 o]F9 A+

ol 5o o N
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(c) from y-butyrolactone

[2& 10] Light-optical microscopies of S-HMX
before and after GAS process®

ol 60CelN 298 A% o« HMX7} E4sE
AL #FIsgen HMX AZRAE morphology

& 490
2% 109 Teipel SPo] FHMX ulAl YAE
Az AxE JERIT Hz29 200m A7

AZRE o} EL antisolventZ AME3IA-E W 65
mZ, y-butyrolactoneS AHEE 3% 90m=zT Yz
7o) sty

8. ASES 3H& 0|88 &% Xt M=

Teipel 5% olitstgtao] e §a=r}t %2
RDX, HMX, HNS(hexanitrostilben)E& Zzt o}lAZE,
cyclohexane, N,N,-dimethylformamideo] -&3s)A1#A
PCA(Precipitation with a Compressed fluid
Antisolvent) F3E o]&3td YAE AZFoEH
ojatsterdel gk vt W Afel: modifier
€ ARS8 RESS 343 PCA 34& AHE3to A&
g AZXE F J&S B4t

Krober $%1& PCA 33< ]88 tartaric acid

84/ B2 FALHE71£ 32 9P 352006 9Y)

solution
supply

precipitation

PR HJ

CO,-supply

T

w3 w2

[22] 11] Schematic of the PCA process(W: heat
exchanger, FL: fiquid storage, P: pump, FI:
mass flowmeter, D: pressure regutator)”

original HMX

comminuted HMX

g : TN R o
] e ) 3’

N s m R
¢ origimal RDX
O B

[Z8 12] SEM pictures of HMX and RDX particles
by PCA process®
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