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| therefore chose with much enthusiasm “Discovery and
Development of New Organic Synthetic Reactions Catalyzed by
Transition Metals” as the central topic of my life-long research

projects.
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(Z)-Flupentixol (8) was separated via a new method with a purity of 99.9% and a yield of 29.6%, E
and the separation method has been patented and authorized in 2009. !

Compound 4 was protected by acetic anhydride which can :

avoid the production of self-condensation impurities of 4. !
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Pemetrexed dialanine which has more stable property was E
obtained with a purity of 99.5% and an overall yield of 69% . |
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i According to the preparation idea that ester ligand was coordinated before the hydrolysis, the
i sonosensitizer DEG was firstly synthesized with a purity of 95.2% and an overall yield of 73.1%.
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Tircin was prepared by a new method with a total yield of 74.1%, and E
the method for preparing tircin from 4 has not yet been reported in literature. |
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acipimox the co-crystal of acipimox-isonicotinamide

Fujicalin® SG Yol e vede

A-TAB PASAe
DI-CAFOS®PA60 < ¥ v

—> DI-CAFOS®A150 v¢

C1890D PASASAe

Emcompress®  Yoioiole

bulk density and
tapped density

Fujicalin® SG KRTW

W} A-TAB Pt
~ ®
filling property |—> DI-CAFOS® A60 v ¥ ¥ e v

DI-CAFOS® A150 ¥¢
C1890D PASAOAS
Emcompress® Yy

Fujicalin® SG PAGAS

- - A-TAB PAGAS

thlc!(ness, dfameter a-nd tensile strength DI-CAFOS®P A60 ¥ ¥ ¥¢ Yr ¢

maxium radial breaking {abletting pressure compactibility DI-CAFOS® A150 Y ¢ ¥y
Force C1890D ks

Emcompress® Yoyl

Notes: More v means better property of the excipient
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®-acotiamide hydrochloride trihydrate capsules, oral administration;
m—acotiamide hydrochloride monohydrate capsules, oral administration;
A-acotiamide hydrochloride trihydrate solution, intravenous injection
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HWE . VBN T 6 M-S KBRS (anhydrous dicalcium phosphate, DCPA), Bl Fujicalin® SG. A-TAB. DI-CAFOS"
A60. DI-CAFOS®™ A150. C1890D Fll Emcompress” A ARSEMERE, AHAE BB A T 20k (5 F P2 B e 35 ak . 1l H
WOERLEE SO 4R ' 52 1Bt 5 52 45 DCPA [T X /NFIAMNITEAS 5 o FH 91 50 % 1 0 2 oA 8 5 AR %, IR A
Hausner WAH 465 &AL RS EELEE VN B8 A R S PER Z8 3 5 SR A BUTR SR - ) [ 5 77 R PP A0k 4 1
Ui TE, SEEREW], 6 FS DCPA ¥ d(0.9) fk/54 : DI-CAFOS® A60<Fujicalin® SG<C1890D<A-TAB< DI-CAFOS"”
A150<Emcompress”. MR RAMEL . Fujicalin® SG £ [ AIERIE, FfiJeH ; DI-CAFOS® A60 fll Emcompress” it
IR ; il A-TAB. DI-CAFOS" A150 H1 C1890D U 5 8] & (I AL MLIR, FKifiAE. 6 F DCPA [ S PEIT N Fujicalin®
SG=DI-CAFOS® A60>Emcompress”>C1890D=~A-TAB>DI-CAFOS" A150 ; FRIEM:AR )T A DI-CAFOS® A60>Fujicalin®
SG>Emcompress“>C1890D>A-TAB>DI-CAFOS" A150 ; W] JEPE/iFy DI-CAFOS® A60>Emcompress”>DI-CAFOS”
A150>A-TAB>Fujicalin® SG>C1890D. A[A% 5 DCPA [ A/NMERS T, NI SEILTSIE . FEHMERITT & 20 42
PRI S G RE R, A TR ARSI, AT e B L E R E R .
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HFESES: R444 XEkFRERS: A TEHS: 1001-8255(2019) 04-0436-05

DOI: 10.16522/j.cnki.cjph.2019.04.012

Evaluation of Micromeritic Properties of Anhydrous Dicalcium Phosphate
for Direct Compression

YANG Qiuxia, XIAO Yan, LU Weigen, XI Quan*
(Shanghai Institute of Pharmaceutical Industry, China State Institute of Pharmaceutical Industry, Shanghai 201203)

ABSTRACT: The micromeritic properties of six types of anhydrous dicalcium phosphate (DCPA), namely
Fujicalin® SG, A-TAB, DI-CAFOS" A60, DI-CAFOS® A150, C1890D and Emcompress®, had been evaluated to
provide theoretical bases for the direct compression technology. The particle size and morphology of six types of
DCPA were determined by laser particle size analyzer and polarized light microscopy. Flowability and filling property
were characterized by calculating Hausner ratio, compressibility and Kawakita equation. The tensile strength-pressure
regression equation was employed to characterize the compactibility of DCPA. The results showed that the values of
d(0.9) for different types of DCPA increased in the following order: DI-CAFOS® A60<Fujicalin® SG<C1890D<A-
TAB<DI-CAFOS" A150<Emcompress”. The morphology of Fujicalin® SG was spherical with smooth surface, DI-
CAFOS" A60 and Emcompress” had nearly spherical appearances, while A-TAB. DI-CAFOS" A150 and C1890D
showed irregular shapes with rough surface. The order of flowability of six types of DCPA was Fujicalin® SG=DI-
CAFOS” A60>Emcompress”>C1890D~A-TAB>DI-CAFOS" A150. While, the sequence of filling property was DI-
CAFOS"® A60>Fujicalin® SG>Emcompress“>C1890D>A-TAB>DI-CAFOS"“ A150. Furthermore, the descending
sequence of compactibility was DI-CAFOS® A60>Emcompress*“>DI-CAFOS” A150>A-TAB>Fujicalin® SG>C1890D.
According to the above results, it was found that different types of DCPA had different sizes and shapes, which led to
different micromeritic properties. Fully understanding the powder properties was helpful for reasonable selection of direct
compacting excipients.

Key Words: anhydrous dicalcium phosphate; direct compacting; flowability; filling property; compactibility;
Kawakita equation; tensile strength
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BERAMEY REMRADN ZKEY
(dicalcium phosphate dihydrate, DCPD), H+3HAl
FMANTE . AR DL AR BRI A, B2 FAE
B oK B A R . (HEE R R B
KLEEAZAE, DCPD A 2k 2 45 ik 975 2 Hh il 5K
R Fs, XK ™ E N & A DCPD il 7 o 32 25 1
A2 P ORI A 7 R T, BRI DCPD
AR A g 36 AR AR PR35 1 1 23 BT 771 2 Tk
IR A4S (anhydrous dicalcium phosphate, DCPA)
PRl Bt B g i 42 . DCPA 7E 3 H DCPD fE v K B
JERRML SR AT SE R, R 7 DCPD 5 2k £ 45
KK H DCPA AWE, =EFE, A4S
BKTER K& . Fik, DCPA 5liEHKiEL
R TR B0, JCHORAER AR B A% v i B
By

DCPA J&—F ., Joik. ToWRIIR AR B AR,
B UL =R R K RAEAE 5 DCPA fir B E AN
H 9 NE T W, AT BEAIG 7 R3S R, iz
75 5y o SR F= b i ol A e AR B, (HAE,
AR B RIE ) DCPA FRIRLAT . 3 T BRI BE A %5 FE
SIS A RONZERE, 52 DCPA Hyiis)
PR RS R e A S A S P B AR UK 2
R AR 25 2 [l Ak ol 70 BIF 58 A0 2B 7 1Y) B R R R T B
SR IR oy A 2 A ko o) 751 25 A0 1) 77 i 34
S JCHGRX TR R EEE R TZ, PR
PR FRE AR AT AT 1 S5 AR 2 1 o o L e S M A 7
AR YR TR G AR SR SR, BRI R
IR EE R SREYSESFREER. Flz
Xof — B YR ) PR FH AT M A B R 1) 245 Pk R R 15
PRI I AR A BORT He 1 B R AR N
HIL,

KHTEH 5 T AN F RS B R R R

ks B#A: 2018-10-11

TEEE N Bk (1983—), L&, Wid:, MWHEZYHHIRIH A .
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E-mail: yangqiuxia@sinopharm.com
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DCPA gk, AN DCPA 7EM K HH &
F LR R g N RES %
1 UF5RH

HELOS-RODOS Bk M E X (4% [E Sympatec 2
Al ) ;s H5508 B4R 25 ( A Nikon AH] ) ; Autotap
TR FEAY (£ Quantachrome {X# A H] ) 3 ZP-14 g
R AL (Aot E2 LR IR AR ) + YPD-200C 24 )
FUREREI EAX (il 2R IR AR ) .

AR 56 3R 1Y) 6 B AL 5 DCPA 43 %l 4 : Fujicalin®
SG ( HAE LA = Tolk#k 44t ) . A-TAB ( 3£ [EH Innophos
72 # ). DI-CAFOS™ A60 #1 DI-CAFOS® A150 (
Budenheim 2 & ). C1890D ( 3% [ Spectrum 2 &) ) K&
Emcompress” ( {8 JRS A7 ) ; fin£F4E%& (MCC PH102,
%[EH FMC A7 ).
) FEEHR
2.1 R SRS

L[ RN 25 A2 ke 5 oy M Ay 1 o ) e A
A, BANEREEWS F4MREGH S sy
Ja P28 3 2R BOR AR (R S AT AT s k4

AT 7 A FH IO AL S ) s ASCRT (  0'e Sk
Bl e AR Y5 DCPA Hukifs [d(0.1) . d(0.5)
d(0.9)] MRS . RiARIE R IE 1, TEEIE 1.

# 1 FRES DCPA FRIEMELR (cts, n=3)
Tab.1 Determination Results of Particle Size for
Different Types of DCPA (x+s, n=3)

o AR/ um
DCPATLS 4(0.1) d(0.5) 4(0.9)

Fujicalin® SG 1.65+£0.03 22.94+0.82 137.77£1.30
A-TAB 3.51+£0.23 73.40+2.85 170.24+8.65
DI-CAFOS"™ A60 26.54+1.08 55.74+0.47 80.87 £1.58
DI-CAFOS" A150 4.40+0.47 109.59+5.49 206.86+11.06
C1890D 1.52+0.01 32.14+2.16 170.12+5.67
Emcompress” 3.85+0.08 151.54+1.36 243.35+0.24

H#& 1 i W, AFEA S DCPA K2 A B &
Z5. Hd(0.9) /MBI KMKF N : DI-CAFOS®
A60<Fujicalin® SG<C1890D<A-TAB<DI-CAFOS"
A150<Emcompress”. H:H1, DI-CAFOS® A60 ki
= GNIER A% o TR(EA = B o =

K1 SR, 6F% S DCPA KA & &, H
H1 Fujicalin® SG 2 B B (3R, F MWL ; DI-
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A : Fujicalin® SG, B : A-TAB, C : DI-CAFOS® A60,
D : DI-CAFOS® A150, E : C1890D, F : Emcompress”
1 FEZS DCPA HIES (x200)
Fig.1 Morphologic Photos of Different Types of DCPA
(x200)

CAFOS"® A60 1 Emcompress” & T 3k & 1M
A-TAB. DI-CAFOS"™ A150 F1 C1890D I £ B & 1)
AFUAR, RETHRSE. XIRTRE S EAMH & T2
BRI F « Fujicalin® SG K I 55 T4 T2 4%,
It DA 52 [ 8 ) RO R
2.2 MRS TR VR

MERRRL IS KA RIRS LEE, &
PR SEXT LB TR AR A S2 e, 0 b0k 2 18] (1) P BE 45
JIFFE I ISR AR R, MR B 1 Te FH —
SR ERL . R RRs T IR 2, WE )
wmah. WEhah. AR A mshsE, Hxt
S EI BN PSRN TR A BTN B S R
RS SR IEEANE T, FARE S 25 B W] S oy 4
P FRIEIRAS . AR FLNE T ANFALS DCPA WA
B (py) FVESTE (p), 454 Hausner tL{H (Hausner
ratio) . JE4EfE (C) K)IALTTFESHCR M e AT

BN TR .
2.2.1 Hausner FWABE R E 45 15

18 F 9 52 %% FE AN 5E % DCPA (1) py 5 p fH,
SEATIE 3K, R NE 2 o FHKEXROM@HE
Hausner FLAE A4S, 250 L3R 2.

Hausner tUAE =p/p, ®

JE4RE = (1-py/p) x100% ®

Hausner FUAE AT 1.4 BPRMACREEERMA, REh
PEREZE 5 N 125 R iisite mig 7 4
JE4EFEN 5%~ 12% 0, By RKimsh ek tr, 12% ~
16 % I ¥ KR s R IF, 18% ~ 21 % i H K i sh
Y%, 23% ~ 28 % HFy R s kR 0
WA, 7E Fik 6 F DCPA  Fujicalin® SG #1 DI-
CAFOS" A60 %ishth R14F, Emcompress”. A-TAB
A1 C1890D k2., DI-CAFOS® A150 iz 2.
2.2.2 LT R R A R B PR S TRt

53 B DCPA K i, SR 18 N FH S ke (1)
10 ml S ERFY 10 ml, K% 5 15 S R i
1 cm (R Ab ) 2 H HE T, s N A BN
PIRTRE, BRI TR . A IR S22 FEAX
Mg, SRIE AT NAL T R AT -

SRR AT IR G I, K A4 = B FE AR AR AT e
IR AR R B AR SR AT o 3% 78 SEL A 2 ] E ) 1|
b7 (@) #4747,

n/C=nla+1/ (ab) ®
b, CONRRRIAAHRTR D3, B C=(V-V,) /
Vos n AIRGIREL ; a WA WIEFRDRE, o {Hil
NGB R 5 b AR R A, A RO 7
I EDOR, A ST .

W RR G R E 0 BRI, W ay b a] @ F

#*2 TEES DCPA HEREMEITFMER (s, n=3)
Tab.2 Results of Flowability of Different Types of DCPA (x+s, n=3)

DCPARL 5 0 /gl 0 Cl/% Hausner b4l
b t

Fuji(:alil’l® SG 0.47+0.01 0.55+0.01 14.55+1.63 1.17+£0.02
A-TAB 0.68+0.01 0.85+0.01 20.00+0.95 1.25+0.01
DI-CAFOS" A60 1.324+0.00 1.58+0.03 16.46+1.45 1.204+0.02
DI-CAFOS" A150 0.75+0.01 1.03+0.02 27.18+1.54 1.37+0.03
C1890D 0.67+0.01 0.84+0.01 20.24+0.53 1.25+0.01
Emcompress® 0.71£0.01 0.8840.00 19.32+1.01 1.2440.02
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@i%i—\‘c
a=C .= (V()chx:)/VO @
Ub=n(V,~V )/ (V,-V,) ®

Lhn/C Xt n AEIE, #53]% A5 DCPA #)I11LT7
2, i AR RN AT T SRAT B a A 1/b, 4
RN 3.

%3 A[EES DCPA 89)IldLFFE (ets, n=3)
Tab.3 Kawakita Equations of Different Types of DCPA

(x+s, n=3)
DCPAT! 5 B Ep a 1/b

Fujicalin® SG = n/C=6.250n+116.075  0.160+0.016  18.572 +2.614
A-TAB n/C=4.854n+154.097  0.206+0.010  31.744+2.211
DI-CAFOS® A60 1n/C=6.250n+86.756  0.160+0.015  13.881+5.197

DI-CAFOS”
AL50 n/C=3.650n+159.569  0.274+0.015  43.722+6.612
C1890D n/C=4.878n+136.585  0.205+0.006  28.000+2.380

Emcompress”  n/C=5.236n+129.524  0.191+0.010 24.548+1.103

R4 £ 3 45 & A B DCPA 1 i 3 ¥ F1 78
WP W oa fH WL B A« Fujicalin®
SG~DI-CAFOS"” A60>Emcompress“>C1890D~A-
TAB> DI-CAFOS® A150. 1 1/b 18 K /N a] %0
ML F N : DI-CAFOS® A60> Fujicalin®
SG>Emcompress“>C1890D>A-TAB>DI-CAFOS"”
A150. Z45 R 5ATIAE46 55 M Hausner FLAEVHE
S R AR R B 1 B AR —

Fujicalin® SG. Emcompress” #1 DI-CAFOS"
A60 R B2EREEURERTE, TEAN, BRIEKRT
A1 A B TR P 4 ke e )N, BRI Y 2 1 A0 7 S
%, C1890D. A-TAB #l1 DI-CAFOS“A150 %ishitk
MIFRIEMEAIN AL ZE, AT RRAE T EA TR TR AR
W, SRTHCRERE , BEYEE J17K, K1 18] oy AR b B AR SR
WA Gy s A FE
2.3 K7 - PraksmE M 2k VAN K A 4 e

% DCPA 5 MCC PH102 Lfisth 2 @ 1 VRE
&), HEA VB HEAFES] (P, 50 ~ 400 MPa)
FHEBREAN 1L mm 7, JE 24 h5E, A
Fr-RRME R/ FEE (0) MER (d), SRIEERE
AL 8 e KA R ) (F) o 42 :R© TR 7 1Y)
PUskaE g (7). PLPXF T HEATLRERNA, 1508035
(&R 4), WEIRER () KN, kEBER, U

B AR A ] R PR B G
T=2F/ (ndt) ®

* 4 TEES DCPA 5 MCC B#H
ks E - EAEYTSRE (n=6)
Tab.4 Regression Equations of Tensile Strength and
Pressure for Physical Mixtures of Different Types of
DCPA and MCC (n=6)

T B [ k
Fujicalin&’ SG+MCC 7=9.087P+92.648 09703 9.087
A-TAB+MCC T=17.765P+188.201 0.968 7 17.765

DI-CAFOS® AGO+MCC ~ T=33.163P+532.552  0.9145 33.163
DI-CAFOS" A150+MCC  T=19.954P+194.237  0.9527 19.954
C1890D+MCC 7=6.258P+26.362 0.988 6 6.258
Emcompress” +MCC 7=20.734P+203.554  0.965 6 20.734

SERERY, EERENETEEAN, Bk
JE R BE 0 0 5k 9 B B B I 0 B g 3G oK, HOA
H— 8 M AE G . PR R R A 1 T 5k 5k
FE - 3 VA 07 BRI RE 2R KN, ) W 78 0 LR )
0 [ N % 35 DCPA (1) ] Hs 4 14 AL 95 I /77 24 DI-
CAFOS" A60>Emcompress“>DI-CAFOS® A150>A-
TAB>Fujicalin® SG>C1890D.

DCPA MHEtESRL, T 4e it 2 DUURL 85 3 R
F, B A B RS RO IR S . RSN T 5
SANF A5 DCPA [ 77 - ProksmFE Mk, w5l
DCPA i MCC PHI102 84 . A[R%-S DCPA
IR AR R, POz HKR, TBA. BEK
BT AR ELAE F h i e e F i g 1 1Y
3 i

Hausner U AE F 4 5 45 /2 38 40E B AR i 3 14
[ v 7, Hausner FUAR g WEURE ] [ 4 5%
P TP B A ] P R A BT T . MEABLA
PRSI AR R, JORLIR 3 B R 4, Hausner LUAE B/,
WENERLT . R4 Hausner FUAR 252 [ WOk
ARG ]G WARFAEA, WA Z R,

JIAE 77 FE R 1 A2 R 79 F1 52 A R B A2 4k
ZIEMIR R, HSHOTERRIEGKR R s (&
Hoa) 7SN (S%00) " KRB, “2.2.27
TR s A )R 77 A2 0d S 30 a SR AR B PR P
ghR Y “2.2.17 TN L4 AN Hausner LUAE VLIS
H R AL — B s HisEid 250 1/6 15 3] 1) & A4



o 440 - FiEEEZS Tk Z4 & Chinese Journal of Pharmaceuticals 2019, 50 (4)

5 DCPA (W FesHIEAL 557 5 I sl PEL 75 I 2 A
B XA R E R IR R I S S B AT
FEIEAHRRFR, BB AR R 47 H se AR L

A3, X T AE 55 s PR B R A2 N e 58 T it
GIEEPSS

AROFAERE A mPrk®eE, & T
FRT 2 R I 1 ) B TS 0T R R AR AE A
5] 0 R ) SR 5 R0 7t 8 BE DR /N R A4 A 2R )
Y, Pk EEEOR, RSB . A
KF 7 - sk s dh 28 E 4 % 245 DCPA [W7] &
P, g5 R BT v LR B M R e S 5
BHWERLR,

ATV T A S DCPA s E. 7
SEPER ] IR SR S . 45 SRR 6 RS 1)
DCPA f1, DI-CAFOS" A60 B Atimshit. 7
P JA] P ; Emcompress” Yk ; Fujicalin®SG
HA B 1 im sh P A 78 3850, (2R R4 —fi% ; DI-
CAFOS® A150 i zh PE Al 78 S M e 22, ] Rk —
M s A-TAB FIUR Bl PE. 7o 381 A mT e 1 2 — i
C1890D ¥t sl PE R Fe bi It — M, Al R ME R 2% .

B, BREFEEZMAIER 71, HARR S
DCPA BHAIIRL I . KRR, SEIM AT
TRE, BB S ER A R R R S
e, RIAESHT T2 A SE = g fE g, TR
WEVPRAZLE N In) 8, 256 BB A iRk E IRE
G LR A — A LR, EREEIRAIE.
SRR A SR A 2 1 o 2 FEARIRS

EEPEN

[1] DOLDAN C, SOUTO C, CONCHEIRO A, et al. Dicalcium
phosphate dihydrate and anhydrous dicalcium phosphate for
direct compression: A comparative study [J]. Int J Pharm,
1995, 124 (1) : 69-74.

[2] FISCHER E, SCHEUER G, MEVEN J, et al. Use of
dicalcium phosphate anhydride powder: US, 8501235 [P].
2013-08-06.

(31 ZRC &M% PJ, F#) P AMETMIMI. 4%,
AR, 3. dbnt: ez Dl A, 2004: 88-90.

(4] £ skt Blx, 5. CEELFAE R AR R 1wt
FLLIT. R E 2544, 2000, 35(2) : 102-105.

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

MR, 255702 M. SRR, JERt: NIRRT HikRAE, 2003:
297-299.

OTSUKAT, IWAO Y, MIYAGISHIMA A, et al. Application
of principal component analysis enables to effectively find
important physical variables for optimization of fluid bed
granulator conditions [J]. IntJ Pharm, 2011, 409(1/2): 81-
88.

ABDULLAH E C, GELDART D. The use of bulk density
measurements as flowability indicators [J]. Powder
Technol, 1999, 102 (2) : 151-165.

KUMAR V, DE LA LUZ REUS-MEDINA M, YANG D.
Preparation, characterization, and tabletting properties of a
new cellulose-based pharmaceutical aid [J]. Int J Pharm,
2002, 235(1/2): 129-140.

WREsE, ARoCBE, $B/ANE. R BRI R AR R R 44
PN (1], A EBEZ Tk, 2013, 44 (10) : 1010-
1013.

SPHAE. BARZAIE (M]. dbat: b E R 2R AL,
1998: 354.

AMIJAD Z. Calcium phosphates in biological and industrial
systems [M]. Boston/Dordrecht/London: Kluwer Academic
Publishers, 1998: 303-323.

DURMUS C, OZGEN O S. Experimental synthesis of
granulated zirconia powders by spray dryer [J]. Mater Lett,
2015, 145: 243-246.

EL ZAHAR K E, MOUNIR S, ALLAF T, et al.
Fundamental modeling, functional attributes, porosity,
cohesivity index (Hausner ratio) and compressibility of
expanded-granule powder of Egyptian Ras pure cheese [J].
LWT - Food Sci Technol, 2015, 64 (1) : 297-307.

RIK, WIEE, 5 FE, S R AR RS IR R AE K
FAERESHON SRR T (0] 252274k, 2018, 53(5):
806-811.

PAUL S, SUN C C. The suitability of common
compressibility equations for characterizing plasticity of
diverse powders [J]. IntJ Pharm, 2017, 532(1): 124-
130.

SHANG C, SINKA T C, JAYARAMAN B, et al. Break force
and tensile strength relationships for curved faced tablets
subject to diametrical compression [J]. Int J Pharm, 2013,
442 (1/2): 57-64.

PROCOPIO A T, ZAVALIANGOS A, CUNNINGHAM J
C. Analysis of the diametrical compression test and the
applicability to plastically deforming materials [J]. J Mater
Sci, 2003, 38 (17) : 3629-3639.



