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a. center cross-sectional view b. physical map of internal

of internal mixing nozzle mixing nozzle
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c. center cross-sectional view d. physical map of external
of external mixing nozzle

B 1 SFP2 B Al IR 0T Sk 4544 7 B S sy I
Fig.1 The schematic and physical map of original nozzle SFP2

mixing nozzle
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A 45 H, AL 3 RDX 3 (2) SRIEE K
Wl CO, A, B B HEIE i X, il CO, 75 1% X 3N
TSl niE, A GE R CO, R 3 Ik Bl R{E; (3)
B AL i A DX, B SR PIL AR 2 T, B e Sk Y 5
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WE 2 Fis.

a. center cross-sectional  b. physical map of new nozzle

view of new nozzle
B2 S AU I O ) T 5 R R A B S
T—fl, 2—3m 3 XK B, 3—im it X, 4—im 3 X H A%,
S—ibfLER, 6—OfLEEE, 7—HIB4ETIE , 8—IFEE M
Fig.2  The cross-sectional view and physical map of new
nozzle
1—-center hole, 2—turbulent zone length, 3—turbulent zone,
4—turbulent zone diameter, 5—center hole diameter,
6—wall thickness of the center hole, 7—annular slit width,

8—ring pipeline
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S—INBR L, 6—Rr B mEME, T—h T EE, 8—HIEM,
9— I HATE, 10— Fc 4, 11— R, 12—HF=

Fig.3 Preparation Process Flow Diagram of the SEDS
1—liquid CO,, 2—manual valve, 3—refrigeration unit,
4—CO,Pump, 5—heating element, 6—new type nozzle,
7—particle collecting vessel, 8—back pressure valve,
9—heating element, 10—solvent recovery tank, 11—solvent,

12—emptying
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Pt 15 kg - h™ RDX W& 2 mL - min™") F 4341
AT, AR B RAE AL 4 FR .

JSh 760 oy 12 R S A e 1 e L Y
a. The preparation results
of internal mixing nozzle

4 JFURE T £ R

Fig.4 The preparation results of original nozzle

of external mixing nozzle
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Fig.5 Effect of the central hole diameter on RDX particle size
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Fig.6  Effect of central hole wall thickness on RDX particle size
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Fig.7  Effect of ring width on particle size of RDX
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d. RDX particle size distribution under

different pressure differential
B 8 JkJj2xt RDX 43 A DX [R] FIE 5% 4 5 i
Fig.8 The effect of pressure difference on the RDX particles

3.2.4 imimEXAKFEIET RDX 4L 0257 49 =2 Mn
BEE B AL AR S 0.1 mm g fL BE
JEAE R 0.1 mm FREERYFEREME R 0.1 mm [, 3H5 0]
AALEAR R 0.5 mmy i i i X K5 HA R
BAERAE, SRR 4 1.8 01,10 01 A
THEAT S5, LA 5 i 0 X 00 e A K A2 b, SR 50
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= Length to diameter is 10:1
* Length to diameter is 16:1

volume / %

300 450 600 750 900 1050 1200 1350 1500
diameter / nm

e. RDX particle size distribution under
different length to diameter ratio
B9 i Ui X X RDX KL 5510 UKL BE /Y 52 R
Fig.9 The effect of turbulence on the morphology and size of

RDX particles
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ROX R FBRIEFE 225 7 KAR KT 10 1, Jii i IX 3k
K, 5 TIE WUme e N 46 d 5 | 3 28 . R ] DAAR i
Ui X2 RDX R 55 1Y 32 22 52 e PR 3R, 0 260 Mo g 1Y) A
FERAZEE 10 1,
3.3 BENK

Fie B 48R 7 i, 0F JoE RDX Wt S5 240 Ak ] 45 1)
WK RDX (SEDS 2 Ji 4% P 1R =X i 5 i 25 1) RDX Fl
BT S 1 £ B S Ok RDX 43 ) A7 Jg B 4k, 45
W,

£ 1 RDX AR

Table 1 Test results of RDX sensitivity test

sample particle size average particle Hs, P
P distributionrange/pm  size /um /em /%

raw RDX 15 ~150 80 19.98 92

water refinement 0.3 ~1.6 0.86 40.6 52

RDX

original nozzle 3~15 6.35 32.5 65

refinement RDX

new nozzle 0.1~2 0.66 42.3 51

refinement RDX

Note: Hj is the high value when the explosion rate is 50% , P is friction ex-

plosion probability.

M1 1 AT, 5 FCRI A HE, 44k 5 RDX Y 4% 1 7%
BIE Hao 3945 R TR R BE B9 Tt o, BE R R KA R P
92% AR 2 50% ~60% , X Ui W Fifi & RDX 41k ki JiF
(R /0N 488 o J T B 48 R P AR A ) B A I
WO S 5 OB R AR L 45 ) RDX P Bhr B I 3 Uk
N HET AR S E Hoo 1 32.5 em T E 42.3 cm B
PR KR 65% [ 51 % , 13 B 5T M i 8 )5 4% 1 i
RDX - J8 o7 o J35 0 JEE 8 JR I 9 0 3 B AIK5 5 i A3
AR 45 B MO RDX AR EL , 00028 S 1) 5 5 o) 45 11
1) RDX S-S5k B BERE /N — 28 B 0 A DX [ 22 A K —
S i o SR R JBE 458 SR R AT W BB A
3.4 [EBEMIEHTEH FH TRk RDX B4 iR M 8k

SR FH 22 7% 3 il B PG A T IS ke 8 i U A 45 1
RDX [z g v, Mk iy DSC i anf&l 10 fiR .

HIE 10 BT LIE 78 AN R TR 3 % R, o i s
il % (4 RDX #7204 °C {ff 3 & A4 1 8l 1k 4 ff S 1
71T ik O 1% 303 3 i o T 303 8 3 3 1 T 8 5 A A TR T
TR R T W ke S A B RDX T H o 2 i il A%
RDX B 43 fift W W SRR B o R Kissinger 377, &
10 Hr B AT SR A5 IS DICke 117 5 ) 45 1 RDX (1 28 W 7%
fLRE CE,) FFRKEIG LR B (T,) 385 R 3% 2,
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temperature / °C
b. after modification of equipment
B 10 mEmE RO G 4 B9 RDX Y DSC il 46
Fig. 10 DSC curves of RDX prepared by the spray nozzle be-

fore and after modification

R 2 BEMEBCE TS B 09 RDX (Y B K I 571 B
Table 2 Critical temperature of thermal explosion of RDX

prepared by the spray nozzle before and after modification

sample E,/k) - mol™ T,/°C
RDX(a) 241.42 466.0
RDX(b) 155.22 508. 2

Note: E,is apparent activation energy, T, is critical temperature of thermal ex-

plosion.

H1 2 W IS AR S o 45 119 RDX % 2 WL i 1
it L B 8 B0 1 1) 45 4K 86. 2 KJ - mol T T I T e
Je il 2 19 RDX By AR KA e 57 3 J38 5 G o i ke 24 i 7]
) RDX 15 42.2 °C, Ui WY g W R 5 il 4% 19 RDX 1Y
PR AR A A2 E PR o

4%

Bt X i ¢ SEDS T Z 44k RDX B, fifi T Py 1R 5X
W I T 28 L RE O T M A TR R, SR FH B L AL s O 4
AR BT — R A Bt N AR R
MR RS54, 04 R 3 RDX W 7E3R P
BT S5 A, 68 R AR A A BR 4 /N L
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EXCIE, Bdkte, KRR, TR

WaE , CO, Yt A I DX 35 P S, 344 i 37 4 42 ik B 1) B
Y175 16 B L i X, 1 5 s 1) 25 4k 43 FCRE T, i
TRoRLF BB BE o {0 B S W | 28 22 40 52 90 18 R4S 1
WmF 458 .

(1) Mm% SEDS T 203E & ok H IR 3 &5 #y mg
W, T N R A AR TR CO, YRR I, 1 iR CO,
LA O VR B BT UDVE O, B S AR ROR,  FREE
BHTERE R 0.1 mmy BB HEIE IR A X R B AE TR i
X, REAT &5 B 1k 3% ZE , {7 7 AU 5 g i 2% 10 43 A X ]
0.1 ~2 um SEHPRLEE 660 nm (%) RDX BRI R+

(2) s/ g e L PN AR S HL BE TR B e AT R0 /s
WG W EAR 8 55 A0 5 0 1 X5 WO AR U0 B R g
gy LN MO REJE R G R O 0.1 mm,

(3) i v X B K A L 52 e RDX R+ JE 80 1Y &
SRR, 4 i XK AR /T8 0 1 i, RDX KL Y JE
W2 URRFE, Yimni XKKEL KT 10 01 5,
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Design of Nozzle Structure for SEDS Technology to Prepare Sub-micron RDX Particles

CAIl Xing-wang, YANG Ji-hua, ZHANG Jing-lin, XU Hong-yan
( School of Chemical and Environment Engineering, North University of China, Taiyuan 030051, China)

Abstract: In order to obtain a narrow distribution, spherical, smaller size, sub-micron particles RDX, a nozzle for solution en-
hanced dispersion by supercritical fluids( SEDS) technology has been designed. Based on the principle of gas atomization, the ring
slit structure and the microporous turbulent zone were used, so that CO, fluid flowed in the nozzle in high speed, the problems of
block, too large size particles issues have been solved. Research shows that under the same experimental conditions, temperature

1

is 35 °C, pressure is 10 MPa, CO, flow rate is 15 kg - h™', RDX solution flow rate is 2 mL - min~', when the original internal mix-
ing nozzle of SFP2 instrument is used, RDX particles of the distribution range from 3 um to 15 um are collected, the process of
preparation is easy to jam. However, when the novel structure nozzle is used, sub-micron RDX particles are collected, which has
a distribution range from 0.1 um to 2 um, and the average particle diameter is 660 nm. Both the inner diameter and the wall
thickness of center hole are 0.1 mm, ring slit width is 0.7 mm, turbulent zone length to diameter ratio is 10 : 1, pressure differ-
ence is 1 MPa. The problem of jam in the preparation process is resolved perfectly by the novel nozzle.

Key words: supercritical fluid; submicron RDX; nozzle; solution enhanced dispersion by supercritical fluids (SEDS)
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