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Abstract: Objective To prepare and characterize Indigo Naturalis-Alumen (INA) composite particles with core-shell structure based
on the particle design principle. Methods The preparation time of shell particles and composition time of composite particles were
studied using particle size and contact angle as evaluation indexes, respectively. Four kinds of powders including Indigo Naturalis fine
powder, Alumen fine powder, INA mixture, and INA composite particles were prepared respectively; Their properties such as particle
size, powder color, microstructure, distribution of surface elements, and crystal structure were compared, so as to study the core-shell
structure of composite particles. Results During the period of the preparation, the shell particles were added into vibromill and ground

for 17 min separately, and then the core particles were added and ground with shell particles together for 5 min. There was no
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difference between the composite particles and shell particles in surface wettability. The median diameter (dy) of the composite

particles was 32.818 pm, which was much smaller than that of the mixture. The color and surface elements distribution were highly

similar to the shell particles. In SEM, the microstructure that the surface of big particles coated with a large number of small

particles could be observed. In X-ray diffractogram, many characteristic absorption bands of the core particles were disappeared or

decreased. Conclusion INA composite particles with core-shell structure are prepared successfully, the surface properties are similar

to the shell particles and are different with the core particles.

Key words: particle design; composite particles; core-shell structure; preparation; Indigo Naturalis; Alumen
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Table 1 Determination of particle size (n=3)

MWER] /min dy, / pm dos/ pm dyo / pm
3 2.68910.102 15.65310.343 44.48910.876
6 2.27240.116 14.61540.298 42.794+0.644
9 2.36840.120 13.12740.399 36.61440.672
12 1.981%0.111 12.206£0.367 36.819£0.615
15 1.972£0.083 12.14740.276 37.052£0.640
17 1.82140.109 11.16140.298 36.36440.700
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Table 2 Determination of contact angle (n=5)
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Table 3 Comparison on particle size distribution
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AR PR R m . WK 2 WLLE Y, Bl I T REAIK 2.466 26.134 170.714
WRIHEAT, SRR A AR, HE 5N FRAIE 3.001 37.930 178.006
Jys min I, SARITEMA IR T (R © ey 2609 23602 138411
TR ENGSEER, WA E SR, HEHT 1.127 7.598 32.818
A . B
C *J/ D
0.‘1 1 16 160 Rl 600 0.‘1 1 16 100 ‘ 1 600
Fife / pm

E1 FEMH A BIREH B). BEY (O RESHT (D) HWHESHE
Fig. 1 Particle size distribution of Indigo Naturalis fine powder (A), Alumen fine powder (B),
INA mixture (C), and INA composite particles (D)
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of powder colors
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Fig. 2 Clustering dendrograms of Indigo Naturalis fine
powder (QD 1—10), Alumen fine powder (BF
1—10), INA mixture (HH 1—10), and INA
composite particles (FH 1—10)
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Fig. 3 SEM of Indigo Naturalis fine powder ( x 1 000, A), Alumen fine powder ( x 1 000, B), INA mixture ( x 1 000, C)
and INA composite particles ( x 500, D1; x2 000, D2; x 2 500, D3)
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Table 5 Determination of surface elements

TR ITE /%

TERT ———— : -
B R SETRAIIP ) REy s
C 4.96 4.69 4.90
76.79 68.22 74.42
Mg 2.80 — 1.99
Al 0.70 5.23 1.97
Si 1.64 0.43 0.85
P 0.19 — 0.18
S — 14.08 3.46
K — 7.11 1.78
Ca 12.79 — 10.27
Cu — 0.24 0.18
Fe 0.13 — —
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Fig. 4 Energy spectra of Indigo Naturalis fine powder (A),

Alumen fine powder (B), and composite
particles (C)
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Fig. 5 X-ray diffractogram of Indigo Naturalis fine powder
(A), Alumen fine powder (B), INA mixture (C), and
INA composite particle (D)

3 it
3.1 EETHHHFIMRTEREET ENIERE
P EERZ ST AR T ARRL T B AR TR 4
P EME I S I PERER 2T 5 AR
AT TOREA S BUBGE . RARRERIL. B
FAEREE. EFLIBEE . BRI A S WIR-
BB AR S S e A (R AR
A BRI %, 2 B i T A Tk
MALNIREY, I EKE SifEYhis. &
FUTL. 2B A R A, JL By
W B TR B RE, SHRIEE T
[LElk S eIl oAt () AF VIR EPNT - e



¢ %% Chinese Traditional and Herbal Drugs 35 44 % %524 #§ 20134E 12 A

* 3463 °

YOI ITERS R RO RO Bl A
HEGREE AN (R BT (1% 4t
SENE, AR TS HUEE RS R
P dE SO, T i H AR S AE 20 HHE2L 90
AT I FREAT TR, R 2 A
Eiilig . B MR R A A BN AR R R
PUBHI L, AR B AT ksl i . BEPE AL
L,
3.2 BRRBIFMRRIHIER A

FLEAT 5 I PUE/E B A1, 8
K RE T RS 11 A 11 o (R el e, AR RE AT A
S A BIEAERL, R SR A G
FEBA I AR AP, VAN P T 20 5 R 2%
Sk, 7RI D BRAT (R e i 6 n S Ok e
MLAE B I VBN R A, Ry e R el A 34
g A KE G, SERECIREETs 53U,
FeATIN AU K G SN GRS £ 4
Gio WUASZINS FIRLEEAT T AL B . RS
HON B R 2 R 48, HORARBOR, rHAN 2],
2 2 R b B DL TRL =) R P i 1 3 e )™ TR
TR, RBERE . Pz, AR I
ek 4% i i 2 R T AR S AL, R P DR P
RUHDRL I B BUURE . BBAh, X TR 2 R
w2 (R B, TR L kT
WA VETEEAT o XTI, IR ARG
gyl s BARRTE ST, RHESHR
T, BERERAREET OURR T, L
MRABLIRIBENE . B2 THAM I, ATk AT
SINARRE, A I AR R, S T,
P EAAR, BEORE TR ARG i, SOai T
BREGIRAL, EE T TR,
33 FMESHTHREMNIZAER

Kbk pitase (L. JoRIBbE . maR itz
KI5 R ek 1, PERANERE (S LR TR
RIBNE . S SR 5P R
SR FRL T ARSI B A R AR /N
BRL T 10 1105 IIAAZRL T, TR 2 At g™
MPERR, TR BN 21, B ek 7
BAZRL T A% 5k o A FERARIE B LA ORI,
PRI A I 7 I W S g o s AR AR 1
JRITEZAE I T, Rseh o A i S Feks 12K
L, AR TR SREY. AR5 T
SRR, B TR TR T RIMACIRES il i

[Py &0 3t ZUEI PN SN 1 BUR ST A B =R 2
se4r, IR, BE MR O] REgis R 8
W, A& TR MIE SR Z5eai
(fe, RISERLTHEAN AR O RRE T, kL1 21
ANEAR TR T o IRALLE R MR Fe AR i D 3R
e R P A, A AT, B
ISR A4, RARL T B o R AR ML) AR
e, BRI “ A - AR - IR g (- TR 8 (AR Ak,
H AT, EER T A R AL E R A T
(N P T 5 E S IRy VAR ATESPS
I, JRAh, PRSI T ESEAAEN A T
SR B RIS AR R B R
WAk W BT KRB X YRR I By D)4
AL A BRGNS PR R DU WS A1 H s 358
BT YR BTUIE RIS . DT B AR ISR
ZAIRBNEE AR RS, A AT ES
Kot B i WAL AR B, Ty REAE L e S
WA S AN 52 T A% SeR 1IN A REAR 55 1l 45 Th)
XSRS, i P B 1K) A 2 HONK
RAK XM T —BEWAS K.
3.4 PIHHTHIESH TR RERAE

XTI G kLT, PR ATE S LB S 3 4
LB 105 2O UM A R BEA TR AL s T TR
(EY DIV 7 &S AR < Fu N vid R AUk N
AR LB A RE L SR I TE 3, JCIR BN A 45 o
VROBUZH PIVE: 2  PE JoRE 5 M A AR P J F) 5 22 D 30K
—WLRL ANREHERIE GRS ). R IETCER A1
RPN RS Z A T BO E &k 55
R R E R AR UMEREAT THESE, 4545 SEM. X
SRR (R 5 S5 SRUEW] T AW S5 o

BEAk,  m TR R 2R, HUBE TR AN
ST AR R Z O 5y RAR G ER R, IR R
IR T 2 5e i, #seait i sehn T2 IR %
WAFFEZE S A A G AT s &
Pl i AR RS R T 4R 1) R &
BEATHERA VL, EOREEh, H5AE D05 b
I ) AR ST BT ST

& SEM. fgid. X &GN 5 mATI3E)
T W) REFSATRK T & R IP B R E
AER O ZHEEHF
B Ak

(11 % W, 8 W, B M, SF SR TARGUREGIRE R



« 3464 -

¢ %% Chinese Traditional and Herbal Drugs 35 44 % %524 #§ 20134E 12 A

(2]

[6]

R bR R (7] R, 2012, 43(1):
9-14.

TRE, WO, BER, S5 ORI T A R
W0k R St R A HE G LR 43 IO i A 1 SR BRI 5T
[7]. "H#EZy, 2012, 43(12): 2372-2376.

BTAe, Raivk, AN, & AT YIS EAR ST
FRZG IR “ I B IE R [T]. i, 2011,
33(10): 1781-1784.

T, SEWE, SR, S5 PR T BB
R M N [ H A4 T, 2007, 36(3):
318-320.

O Bh FRH T BAETTEA R R b ) R
[0]. R LR 2ERE %4, 2003, 1(4): 39-42.

FHER, 22 XA UGB A E SRR 1] K

(7]

(8]

(9]

(10]

(1]

JEZ52E4R, 2002(1): 33-80.

DA, ZERA. B TRt N [J]. #k
B TR, 2001, 19(2): 115-118.

AR, XA, HEUH, & DB S A R R S
IS D iR R T AE R [, P2, 2003, 34(9):
835-837.

MERLW, G, ARG, & AT sk
SRR BRI  [7]. R EDH 2 5 IR AR 2R, 2008,
19(4): 257-258.

FEmEGR, RSO, S0t . A SF A it gl ().
P2 IT AR AR, 2011, 40(9): 58-61.

¥ Mk, TRRRME, B B HEREL ST SR R
FYLRAER MR (1], HRERERAR—PE AP
1k, 2010, 12(6): 932-936.



