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HETERINES A GORBDIERBD LR AEANEME, FHABEH 1.285~6.893 um, £ iE X 5%
BRAIFE T R AEL A EBGRE 35 C, BEH 25 MPa, "k % E 140 C, 2% A A%
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FH) , 2 SURWE AT A=W, 2 — P i v 45 2 1
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R A IO ARSI ) K S R I v
Rk JRE AR A5 X (RO T B A5 B4 52 TR A
Hi, %% ( scanning electron microscope, SEM) {# B 1}
£T 4 61 (fourier transform infrared, FT-IR) X 5t
A B ( X-ray diffraction, XRD ) LI K % & /3 #r
(thermogravimetric analysis, TGA) 435I % FH J5 Rl
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/N E)) s Thermo Scientific Nicolet iS5 I 2T #p 1% (%
(FEBR A RBHEE A R A A ) ; DTG/DSC-60 7Y #4
HOHAX(H A B EA ) 5 AX224ZH/E B 3 #
TP (B s () A BR A ] )

1.2 EWHE

RESS il & FH bz 09 5 38 . iy T [ 44 9
FH 7E SCF v /) %5 fif £ B SCF i %5 B 48 ki &
AR A T EE ORI A Y FH ¥ fig 2] SCF Hr J
P FH Y-8m0 W2 Wt s, 78 B 2 It 1Rl ;Y
PR g i 20 A% Fe IR 0 B ik A I o R P &
T HLAE L 30, % 3 3 S LA & o JE A7 1% 33 1), 1%
JH I A AR T TR B R A S i IR A, DA T
A5 M E L B FH R [R] A= K & 09 A % W)
A 7 557 1) B0 B v g B ) o R R KR R A A
1| B N s o O A O N = o < I N R O = B 7 G
s e
1.3 ZWHE
1.3.1 FH gt f2eh 2 @ 4% 55

(1) Je& s ) . 28 B I 7 7 g i okl 0.2~
0. 6 mL/min. H A Sy AU EE 45 C, 2K HUE
77 10 MPa, J& K28 15 BE 100 °C , Wi IR BE 150 °C
M B2 R 50 pum.

(2) 22 WO B2 . 8 % 22 O B2 2 35~ 55 CLH:
rh et A S 0.2 mL/min, HoAh S5 F R (1)

(3) 2 WU ). BB A UK 1 R 10 ~ 30 MPa.
Forp Jeay R E Ay 0. 2 mL/min, HoAl Z 4R (1)

(4) g M 5 0 B 53 ) 8 % I ik % IR R
100.110,120,130,140 °C , HAth &R (1) .

(5) W5 W R B2 . 7F RESS i, 1 88 I 5 U 1
VES U 25 I W T K ) R P B R AR A T
B Lk 7 ek S I8 A 7 1 s Ak 2 5 , B SR W | A WS S
Tk e T A T M X WS W R AT B 43 S 4
WEEE SR 110,120,130 140,150 °C , Hfth 45 1 7]
(1).

(6) WiWE B AR . A6 R A RESS 32 i £ B4 9 it
TUORL B S 58 vh JB0RE 1Y) DR /N FIE S5 52 Wt 1 45 4 g
PP RS | AR T S R A S 1 26 B, 45 A AL IR
S ER IR [ 1, BT DL AR 9 I AR Y R R IT R
JHEY WSS B A2 50,75 100 pm , HoAth 25 R R (1)
1.3.2 FH # s ad 42 09 0E 3 5 B ik it

K FH IR 32 52 56 J7 15 58 IS 3 7 6 1 T2 AR
b, AR BUREE (T,/C) (ZEHUE J) (P/MPa) |
WM B ( T,/ °C) It 57 F B (Q/mL-min™" ) 4 4~
SR [N 2 AR P I S8 S0 06 R B L Ly (3Y) IEAS %%,
IEAZ TR 1.
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Tab.1 Orthogonal experiment design and results

analysis
ZA HEB %C D
z R BEE mEWE Rl ORI/
[y ] E RS pm
1 1 1 1 1 1. 875
2 1 2 2 2 1.381
3 1 3 3 3 2.732
4 2 1 2 3 2. 164
5 2 2 3 1 1.639
6 2 3 1 2 2.208
7 3 1 3 2 2.186
8 3 2 1 3 2.080
9 3 3 2 1 2.541
K, 1. 996 2.075 2.208 2.018 —
K, 2.004 1. 700 2.029 1.925 —
K, 2.269 2.494 2.186 2.325 —
R 0.273 0.794 0.179 0. 400 —
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N Tr) et 700 FH A A IO BE AR U L ik
ESITE NN L RERE DR € A O O A e
WE 1 PR OB RRLAS 23 A I 2 .

(1) Jerli gy 2. i & 1(a) (1 2(a)
FAL, B A I 7R U A 4, FHORORE I P kL
2y, fE M 0.2 mL/min #2755 %] 0. 6 mL/min,
FH ffORE 19 - X0k 42 AN 1,959 pm 34 i 5] 1
6. 893 pm. fifi 5 J& 7 5 H] & B 3G K, oK £ BEAE
SCF rh ity B2 38, W) FH A9 9 fife B 46t 085, Je ity 51
TE R A v R B B IR 2 3 FH AT iR, 2 5
HE I AR A T A A R4, DR O £l R ) UKL R
FEHG ORS00 45 R R B, RESS v sle il ) 19 H i 1
0.2 mL/min 7= 45 I B8 A7 F) 45 BPRLAR /N RS 53
A5 B2 5 FH 259 SOk

(2) WU EE A2 ma. iy 18 1(b) (& 2(b) 7]
B AR SBOIR BE  TH R, FHGIORE Y 1 240k A2 1Y
I A BE N 35 C Th i £ 55 °C L, FH 97 ¥k
M 1795 pm B A0 F] 2. 998 wm.iX 2 i TR &
FEWOREE W TE R, FH 7€ SCF rp () vk B8 14 K, 7
i3t e v e A A 5, S BORE JBE 1 . e A AR Y AR
WOREE T, 5 R T ok AR /N Bk A #5201 FH
25 ) Ok

(3)ZEWUE I i 1(c) (B 2(c) 7]
M, RESS 245 ) 1y FH fokoki 4 B & 15 7 19 T 5
M RRAR . 3X 2 7 TR 5 38 K, FH A SCF i i 3 fi
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Fig.1 The average particle size under different of entrainer dosage, extraction temperature, extraction pressure,

expansion chamber temperatures, nozzle temperature and nozzle diameter
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Fig.2 Particle size distribution under different of entrainer dosage, extraction temperature, extraction pressure,
expansion chamber temperature, nozzle temperature and nozzle diameter

JEALIE O, T I Kb S AR A EE S WU SR 140 CCHREAY 2. 726 pm.tbAh, B 2(d) R BRI
BRI, A R B AR s R B s R 9 T e, FHOBORE YR AR 23 A T LT 4R
A AU JT I T, AT Ok R i AR e ARR Rt TR TE NS IR T A
P03l 1 58 0 R TRIORE B4 457 B IR T/, SRR HOR AR 2R R B R IG, IR ORL AR O R
TSR FEAT 79 31 0 BORDRLAR JE /. Helfgen' "' Kayrak'"" Shinozaki''" 4%/ ff Ffj RESS
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(5) WEWE IR B 2.t B 1(e) (Bl 2(e) W]
R B T IR B ) TH R, FH Y- MR AR B A IR
() F 155 T REAIG L 7E 110~ 150 °C,SFXphife A 2. 378
pm FEARE] T 1,959 wm.3X J2 i T B & 0 R
(v, FHLE T I Acb g 5 7R D R R v R I o
A% AR 2, DRI A 0 A SRORRL AR B/ R AR
AR B 5 I LB T AR FH fORE BE A R

(6) WEWE B AR M52 B & 1(E) (K] 2(F) T %0,
WEHE A BT A 50 wm BiF,SEPAPREEE A 1,959 pum , 15
W H A2 4 100 pum B, P B 6242 Ry 2. 610 pm. 3X J2
F T A /DN I A AR R R K ik
I 1 R 8 B ey, 5 5 7 A R R, TR I RORE R AR
FL A /1N 5 i 5 o 20 1) 3 K, 8 TR 118 T o 38 R e
A8, 77 AE B A% A TS I PR 4 B8 I TR G AR
BFIRD 3G i, o R B R AR S R, 4 R AR LRI
I, R B AR /0N 1 W55 W T 25 ) AR AR R A e/ HL
G3 AR BI5) ) FH 25 Yok
2.2 RESS #l#% FH WHip EX LB ER

TE U GE I K 2 IR N 100 °C, WM AR N
50 wm g SEEG AR, & T R K IERS
S, A LR LR 25 1 A BT, A S5 [ LA
FH GO 3500042 Ry 32 AN F5 45, 25 & 1 i)
ZE{H R BYR/NA R <R, <R, <R, , 8% N & X FH

(b) RESSJ&x10000

THORE T BPRLAR 19 52 M) DA /IS 31 R AR Kl C<A<D<B,
P I I S B < A IO B < et R R < FE UK 7,
FF A3 3 1 ik T L4140 A B,C, D, , BN AE U
k35 °C,FEUE Sk 25 MPa, B HEE B 140 C |
Je ) & 0.3 mL/min. $% g fE4H & A,B,C,D,
HEAT 3 A AT SE 5, FH fOR P B R0 42 oy 1,386
pm, B E LI 45 R 5 IE A L A R — 8, T2 %R
SE AT
2.3 FH ERRHEMBKRE

(1) FH fY4MRELES R SR FH GOk i S5
K SEM 435116t JFORFI RESS 1445 31 ) SOk 1
17 RAE.HE 3(a) /T LAE H, FH JFORFE Bk
PR, BEZ 100 pm, FEEE 2 10 wm, H RSP RAS
Y576 3(b) (c) AT, A3 2 A9 FH OB 52 BR R 5l
BRI 1) JURLIR BHORE, SORE RT3 B AR, FLRL A%
I3 R A 3 (d) S B I K = R R A
I HRIE RS, B F R 25 4, 155 TR A
Ho, RSH L 52 2 R AR, K 20 10 um, 5825 1 pum.

(2)FH ) FT-IR RAE. & 4(a) K FH Al
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Fig.3 The SEM of FH raw materials and microparticles of FH
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Fig.5 TGA scans of FH and FH processed by RESS
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REHE R A B,C,D, , BN IUR 35 C, A UE
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mL/min, H 28T HORF R4S 1. 386 pm.
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Properties and Mechanism of Nano-Al,O, Toughened MoSi, Composite

LI Si', ZHANG Yu', ZHOU Ying', MA Chengliang', HUANG Wenjiang', JI Chen’

(1.School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.School of Mechanical and
Electrical Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: In order to further improve the low fracture toughness of MoSi, materials at room temperature, nano-
Al,0, powder with different volume fraction was mixed with Mo powder and Si powder ( molar ratio of molybhde-
num and silicon is 1:2) in this experiment. MoSi, composite ceramics were prepared by thermal pressure sinte-
ring through vacuum reaction and physical properties such as density, hardness and fracture toughness were
tested. The phase composition, micro-morphology and micro-elemental composition of the prepared samples
were analyzed by XRD, SEM and EDS. The effects of nano-Al,0, powder with the different volume fractions
on the properties of MoSi, composite ceramics were discussed. The results showed that compared to a single
MoSi, phase, the incorporation of a certain amount of nano-Al,O, could effectively improve the physical prop-
erties of MoSi, materials. When the volume fraction of nano-Al,0, was 20% , the relative density, hardness
and fracture toughness of the MoSi, increased to 102%. 119%, 167% , respectively. As for the amount of
nano-Al,O, continues to increase, the dispersibility of nano-Al,O; in the MoSi,-based material decreased, re-
sulting in the decrease of the physical properties of the MoSi, composite ceramic.

Key words: nano-Al,O, powder; hot pressing in vacuum reaction; MoSi, composite ceramics; toughening
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Micronization of Flunarizine Hydrochloride via Rapid Expansion of

Supercritical Solution

HU Guogqin, SUN Fangxing, LIU Jinghui, CHEN Pengli

(School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract; Flunarizine hydrochloride ( FH ) was micronized via rapid expansion of supercritical solution
(RESS). The effects of the process parameters such as the extraction temperature, the extraction pressure, the
temperature of the expansion chamber, the nozzle temperature, the nozzle diameter, and the dosage of the en-
trainer on the size and morphology of the drug particles were investigated. And the orthogonal test method was
used to optimize this process. The experimental results showed that micro-particles of FH were successfully pre-
pared by RESS which the average particle size was in the range of 1. 285 um to 6. 893 pum. The optimum con-
ditions were obtained through orthogonal test; The extraction temperature was 35 °C, the extraction pressure
was 25 MPa, the dosage of entrainer was 0. 3 mL/min, the nozzle temperature was 140 C , and the diameter
of the particle was 1. 386 wm.FH microparticles were characterized by scanning electron microscope, Fourier
transform infrared, X-ray diffraction and thermogravimetric analysis and its crystal habit was not modificated at
the experimental conditions tested.

Key words: flunarizine hydrochloride ; micronization; rapid expansion of supercritical solution; characteriza-

tion; orthogonal test



