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Influence of MCC on direct pressure properties of powder extracted from
Shufeng Jiedu formula
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Abstract: Objective To study the influence of microcrystalline cellulose (MCC) on the direct pressure properties of powder extracted
from Shufeng Jiedu formula (SFIDE), and discuss the correlation between the basic physical properties and its functional properties of
the powder before compression. Methods SFIDE and MCC was mixed in different proportions, the physical properties of the mixed
powder and the compression parameters under different pressures were determined. The basic physical properties and functional
parameters of the powder were processed and analyzed by linear regression and partial least squares (PLS). Results The addition of
MCC in SFJDE showed a good linear relationship with the moisture content (MC), bulk density (p,), and porosity ratio (¢) of the
powder (> 0.991 9), and showed a good positive correlation with Hausner ratio (HR) and Carr’s index (CI) of the powder flow index
(** > 0.834 2). The parameters of powder compressibility compaction ratio (CR) and yield pressure (Py) gradually decreased, Unit
effective work (Esp) and paramter a gradually increased; The powder compaction parameter k, was gradually increased, and kg was
gradually decreased. The basic physical properties of MC, py, tap density (p,), true density (o), and particle size (D, 5) of the powder
had the obvious impact on these parameters by PLS analysis, while size distribution (span), HR, CI had little effect on it. However,
span, HR, and CI had the obvious influence on the parameters ab and f, which characterized powder breakage and rearrangement.
Conclusion The increase of MCC reduces the fluidity of SFIDE, improves the compressibility and compactibility of the powder,
therefore, we should pay attention to the influence of fluidity and pressure sensitivity during the process of use.
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AR E M. BRI AR EI, HA
FIKIH 2 B R4 4 )3z 6 g A 2 — . o
KEEE R RIBR YR 5E BN ENE G5
JE BT R R IEOR, BAR G AR Fl
MRIEHIRL T A B T ORI AR, BRI T AR AR
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J7 AR R T b, B R B R A S A
BRI E4ett. SRR, H
PEAE 2GR U R AN B ik B BB R A EERP A,
BLIE s 16 FH A 38 AR A R R AR A B A5 T IA B
JEAEFER R TR ). T T MR R
YRR AL 2 18] %) B 4 e R 52 DR 2K A R X —
AR, AR RN TR AT AR AR R
BT PR, SEHH. ARIEARSE 8 IRZGM AL, B
AIERERE BABCERIER . 5 XUERE N7 723X
Yk R (SFIDE) A Hsi XU 25 e 77 $E BT ok,
AR PACEH 2R 250y, T HL RIS A K
TEVIANEEIRY),  Refl BT I B 4E — Lo 2458 R (1)
A, BAF s WARME . oA 4R
(microcrystalline cellulose, MCC) VIVAPUR"™ 102
e I B4 RE, W EOEARIE A, H T
O A ) AR P RS R S T . DRI, A SR DL
MCC Al SFIDE A0SR R, & mle. i
/N3 (partial least squares, PLS) Z54gitA147
Mr7i%, W5 MCC Xf SFIDE H &G i m K it
BB MR RE S (1) SCHE R 2, JHERREN MCC A
i ARME BUR AL T R . b5 A LA R R 1
WRRME—ENZ%.

1 X5

Korsch XP1 /& & JyHl (Korsch, fH[E);
YD-20KZ B 7y FRIE LA CREETH R KR R FHE A
BRAH]): Sartorius MA35 HLT-RF-. MA35M ZL4k
P 7K 43R (Sartorius, 7E[E)D; BT-1000 Lk}
ERE RN (PR BRI BR A 7D
Accupyc II 1340 FL% I 3E 4 (Micromeritics A H],
F[E); Marlven-2000 Fi 2 E AL (Marlven {X#8H

BRAT, SelE); B XMEERLTT S CRBb -k
HHBRATD; MSL4E% VIVAPUR® 102 (L5
5610261409, 7 [E JRS); i fgER 5L (Ht5 20140116,
2542 B 2R R A D
2 FHE
2.1 HAAHIFFIEL BN E

SFIJDE 5 MCC 4r 5%/ 0 2 10, 119, 317,
5:5.6:4.7:3.8:2.9:1.10: 0 (1),
FFHZhEe R VEA 7 min, 384 200 t/min 34T
BIsNRG, &H.

%1 SFJDE #1 MCC B&LtHISER B

Table 1 Mixing ratio and tableting force of SFJDE and MCC

SFIDE & & SFIDE-MCC JE71/kN

100% SFIDE 3. 6. 9. 120 15, 21
90% 9:1 3. 6+ 9. 120 15
80% 8:2 3. 6+ 9. 120 15
70% 7:3 3. 6+ 9. 120 15
60% 6:4 3. 6+ 9. 120 15
50% 5:5 3. 45, 6. 75,9
30% 3:7 3. 45, 6. 75,9
10% 1:9 3. 4. 5.6

MCC MCC 1. 2. 3. 4

2.1.1 /K& (moisture content, MC)  7EZL MR
KA E AR R TECERE NS 3 g, WE IR
105 °C, FrAXERIRRINGE FE AT , 10K B 7K ENEE .
2.1.2 YRR (pp). PRIEEREE (p). Hausner [k
(HR) HI Carr’s #6830 (CD  RFH BT-1000 #1425
BRHE N E SGIERE R pos o For p BOPRSEIS
24 6 min. HRAEAI (1D, (2) WHERAK HR Al
Cl.

HR=p/p, D)

CI=(p:—po)/p: @))
213 HEE (pre) FFLEE () KH Helium
pycnometer VT FE I E I EFE R pruee TR
AKX (3 THEMARM 6o

€= (Pirue —P0) Prirue (3)
2.1.4 KiRARIAZ A (span) R H /R 3C 2000
WOBKL A T2 Scrocco BEHLII 2 FE i FIRIAZ Do s+
Do.i~ Dogo HR#E (4) THE span.

span=(Dgy—Dy.1)/Do s (4)
22 MAREHKRE

K H Korsch XP-1 B4 8 G2 B A ML AN [R]
ELA51 ) SFIDE Al MCC VR & W) EAT S ey S
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Mk EARA 8.5 mm HPEHIETE . EREEN 10
Fr/min, JEAEEJIR 1~21 kN, BAREIIHE 1.
N AR LR i R A2 Bl R R4
ZH

2.2.1 45kt (Compaction ratio, CR)  CR ##i&
R ARAE R4 R IR, AR BN A4 1) s 4
R o SRR TR b ) e 408 bl BDR R R 46 ) (1)
R (V) SIEGERTHERR (V) B, A (5)
P, b S RMEREIEA, bl h s EAERT
JE R AR = B

CR=V 5V 5= (SXhw) [ (SXhg) =hwhs (5
222 HRAFERMT) (Bsp)  RHERIN (W 4x)
HhyrE (m) WHE, fRasmEnisEc
BB s 26 A T B4 8 1 P A R

Esp=W wu/m (6)

23 mKEE (o)

W R4 S 5 25 Fbse i E Il s, RA
BaEe ARG E R (D BAR (D) FIREEE
(F)o #AR (D WHHEEKHRT 0.

o=2F/nDH 7
24  HEESR

SEISF s AL #EIE T Origin Pro 9.0 AT A&
FERE], SIMCA 14.1 B AFHE4T PLS 4347,

3 #R51R
3.1 HMRRYEAEER 4 RAR B 1

X 25K i ISR EAE T MC pos P Prrves €
Dys+ span. HR. CI #HATIMEBHE, 455 W& 2.
RYE R b vl JBEE MCC & &R,

MC. Dos~ puwe ZIL LT, span. py p 2IF
Fetadh. N TP ASHEmRS A MCC &2
(B IR DA, X AT [N 40 4T, 455383 MC. ey
po -5 MCC TN B BT R R (7=0.991 9),
Dys~ span. p;5 MCC I &= 2 B L #2440 %
(1#20.9458).

TSNP MR B R 1 — R E M, Tish
PEAR A RS0 e R ik B v 3B AN 5E 4, AT
SHAEER. FEAY—, ShlEgs. RIE
RIS A SR S . TR PRBE AL R CTRT HR
S SR A A AR R B M AR AR, PR B
WA RS PEAR S AR 2 BRI A 4 R
A% CI M HR 5 MCC HIMMAREIIEMRE (A=
0.8342), FWIFEH MCC I BRI, CIAHR
HIME 21380, SFIDE ¥4 ()3 sh P Jak 55 o
3.2 MCC MR #7517 B E 4R 85200

JE 46 PR 3R sk R AE A D16 R AR R s /b 1) fig
715 RN AARTE 45 2 AN P R TR AR
71, W e BUARS B 1 2 A% 2R, T
TE AR 1 AR A 1) TR 4 M 0T, ARS8 43 Bk 1SR
F ) Heckel F kawakita JE45 524N, Al T
Shapiro 77 1%, MK LA 2 77 34T 504 .
3.2.1 CR CR #iif 7 #PEHE & 7 it #2 TR AR AT
No FEF—NHEIIF, CR H/NR I ATE 4
R AR AR AR, TR A ) AT A e s
Wi CR-ENE (E D, RIMER—NESLT, b
#H MCC =R CR BTN LLE /741 CR i
FTERPERNA 43 M AT A0 CR 5 ) 2 ) 30 R 4P 1 61

%2 SFIDE 5 MCC REWEKXMBMRFMEFBESHIE (X £s5,n=3)
Table 2 Basic physical property characterization and fitting equation of SFJDE and MCC mixture ( X %s, n = 3)

mEE MCI% Dysfym span ¢ pullgem™) p(zem”) pl(gem”) C1% HR
100% 1.16£0.05 80.54£2.05 24610.10 0.558 15602400003 0.690£0.001 1.054£0.002 34.59 1.53
90% 1632010 87201134 2441007 0.597 15657400003 0.631£0.002 0.982:£0.002 35.80 1.56
80% 211013 92.000.33 228001 0.621 15663200003 0.594£0.000 0.908:£0.001 34.60 1.53
0% 248£0.02 96.48+0.14 220£001 0.657 15645400005 0.537£0.005 0.838:£0.004 35.88 1.56
60% 2.890.03 102.3540.44 215£0.00 0.682 1566600004 0.498:£0.001 0.782£0.002 36.35 1.57
50% 3.2810.04 104.961:0.16 2112000 0.701 15633200007 0.467£0.002 0.728£0.002 35.88 1.56
30% 4331008 110.79£0.05 204£0.01 0.747 15633200007 0.396£0.002 0.634£0.002 37.63 1.60
10% 5212004 118.56£0.70 1.94£0.00 (.794 15699£00008  0.323£0.004 0.546:£0.000 4083 1.69
MCC 5.65£0.02 121.94£1.02 191£0.00 0817 15752400031 0.288£0.001 0.493£0.003 41.69 171

MEHE T=L19+4488 Y T=8359105439.634X 1=243-0551X T=0572+0251X Y=1562+0009X Y=0669—-0391X Y=1023-0546X Y=33918+6826X Y=1509+0.178 X

(=099 7) (=09825) ('=09458)  (*=0%919)

(*=04596)

(=091 (=09877) (r'=08447) (#=08342)
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Fig. 1 CR-compression profiles (X £s, n =5)

M1, #=0.898 3 (£ 3), #&78 MCC figh i SFIDE
IR . (H2& 2 MCC i & /730> 50%0, CR1{E
B HE 3 0 SR R B, Ui AR TE I BURIL &
JE BRI 7 A 2 S 8 Pl AR T R B &
WA, AR TAEMSRER R R Hik, )y
Bt R d MCC HEA T & .

3.2.2 Esp Esp HIRERAEVIEHME R 482 HA
YRR AR A R AR, BRI 1k
RIEREN, HAEBK, RFEgEREEE N 6E R
TR AT AS, R R 4 bk, bl
Esp Xt EAEE (B 2), TG HBEE K A0 in
Esp #4h1, HMWEMAEREIS Esp 52 UTF
MIZREETEAESE, #=0.9862 (% 3), BLHIEE K

&3 CRFEsp 5ENBIBERTRR
Table 3 Fitting equations of CR and Esp to compression

Zirer i S Eoplt )
TitE r TitE ”
100% Y=-0.558 X+43.024 0.976 4 Y=1.442 X—0.644 0.999 9
90% Y=-0.697 X+40.858 0.9297 Y=1.575 X+0.305 0.999 9
80% Y=-0.904 X+41.696 09183 Y=1.662 X+1.016 0.994 0
70% Y=-0.836 X+41.184 0.923 0 Y=1.748 X+1.788 0.994 5
60% Y=-0.711 X+36.483 0.9337 Y=1.793 X+3.179 0.986 2
50% Y=-1.394 X+38.992 0.947 1 Y=2.105 X+2.996 0.994 8
30% Y=-0.829 X+31.814 0.975 6 Y=2.078 X+5.414 0.9615
10% Y=-0.935 X+28.883 0.944 8 Y=3.080 X+3.939 0.993 2
MCC Y=-2.548 X+32.598 0.898 3 Y=4.230 X+0.964 0.991 0
= o Taiie—i.
304 . B T %%Z% 3.2.3 Heckel 737 JERELJ) (yield pressure, Py)
] . Yo T SRR BT e R R ﬁfﬁ'—?#@*¥?§5ﬁ
7 s A E t SER T IBYEAS I I 1 R L3O, Py (B R R FE AL
2 201 it ~= o MCC KA ) T I A B AR, LA @ Heckel
. 151 Vit oo IR k B8 SEARAS . Heckel J7 R HR AL
o .“ / ; * BREEARG G R AR, A R IET R AL
Y 572 FhOTVEREAT AT AR o M E R 5
sS4 * FE R AE Rl R b BB S A I, IRl
0 5 1)273/1(1\1 15 20 HNE RGOS B AT A, 315 Py. Heckel 5%

2 Esp-lEHE (x xs,n=5)

Fig. 2 Esp-compression profiles (X £s, n =5)
(RIN Esp O, B FRAETERISE . T 5 T )
T, BEE MCC InAEMIEZ, Esp HHK, K
MCC W IMAAE SFIDE I 4 14 58, 1% 45185 CR

(8,
In(1/D) =kP+C (8)

P oRIETT, D ONRFIRIARRT %, kA C JyH o

Py 5 ILFE 3 A1 4. Py (RSN U5 0 T
P!, AP T L) B ML SR BB 2 A
B (B MCC & D, Py 2L RIS,
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Hrf MCC 2i8 K Py {E#/)N, SFIDE 4if K1)

120] Py {8 5K, i MCC %t SFIDE (¥ 28 £ JE AR Bt 758 .
0] Jf BE# MCC Hin\ SFIDE ] Py {H I/, B MCC
3 FIIMATT LABE N SFIDE W ¥EPEARTERE 77, 3 5m ] Ik
£ Gitk. [N, RT3 RIS 4 MHTRIL, Py (EAERZY
z 60 B 60%F1 TO%HHIIE,  10%~S0%H BARE, 551
40 FIBEAEIX 2 /NG A MCC XS SFIDE 147
201 B AL NN
oL A\ AN N NN Y AN AN 3.2.4 Kawakita 7047 Kawakita 52 (9) #iid T
B T T TR BRI RO 122 D 0% 0%, g
T C NRRIAE, Vo F1V 43 5l W aa A AR A
3 MMATHEBRDAIRE (X +£s,n=5) JIN P IR IRAATR . v b R ARA e 48 IR PR R
Fig. 3 Mean Py of powder (X *s,n=>5) W UL P/C R PARERE, WA a BTN 1)
F4 WHRERARDHSH
Table 4 Summary of parameters of powder compression equation
A Heckel 512 Kawakita ﬁ%% Shapiro /7 F£
Py s a ab b e f I
100% 116.36 0.999 9 0.725 6 0.523 1.387 0.999 7 0.516 0.989 2
90% 110.23 0.999 9 0.720 2 0.984 0.732 0.999 4 0.570 0.997 5
80% 106.01 0.999 9 0.749 2 0.817 0.917 0.999 3 0.502 0.995 7
70% 95.89 0.999 8 0.7377 0.914 0.807 0.999 6 0.525 0.990 9
60% 95.96 0.999 8 0.764 3 1.192 0.641 0.999 8 0.485 0.998 2
50% 82.37 0.999 8 0.765 0 1.326 0.577 0.999 4 0.442 0.996 5
30% 83.26 0.999 8 0.788 3 1.866 0.422 0.999 9 0.458 0.994 6
10% 78.37 0.999 7 0.798 3 3.142 0.254 1.000 0 0.581 0.995 2
MCC 64.02 0.999 7 0.8059 3.698 0.218 1.000 0 0.483 0.998 1

REE, AT DL AR ATE — 58 e 70 R S R A A R
B, H SRR A R g b7 IR AR
RO 50%0 S M4 ab AT LAk Ak 1 B HE
BE I RIRE R , R K FHE MR KT B 4 2 PrC
SENE, £4 7 a. ab. bILEE, WK 4 L
4 AT A SR (2 20.999 3), B MCC
N, a. ab $EHHEIN, b7 IBHIEN . o (EBOK,
F BN AR ) e s A P MR, RIKY A PR R R 4
PEbE U, BIBEE MCC R0 N & 58 i 1 o 1
SFIDE [ n] 451 . 1M ab {E RGN MCC 10
NS0T A R R EHERAE R, A R TR

() 4 o
P/C=1/ab+Pla 9)
C=WWVo— 1V, (10)

3.2.5 Shapiro 7#T Heckel J7FEEIR N TN
IR RS TT R, ABAFEAR TR T A ) E 1 R

BRAENT), Shapiro B g2 7E Heckel B iGFLRY ¥
S, /& Heckel FRTEARIE 1 N MR AR,
Shapiro FJESE HFER AR (11D FFEF g AR

= 100 %
o 90 %
30 . A 80%
70 %
M —— 60 %
251 <« 50%
s —— 30%
20 P e 10%
P e * MCC
&) e
=15 -
10 ;,’fw’
pa
] o
N *
0 T T T T
0 5 10 15 20
F&JI/KN

4 Kawakita 7#8H P/C-E /1
Fig. 4 P/C profiles of Kawakita equation
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4545 Origin Pro 9.0 B A (R E S 1t 405 Th RE X Ktk 2k
ITREEE, A RCRET 7209892 (K 4), 45iRE

7~ MCC 1 f 1B 0.483 % SFIDE 1] f1f 0.516 /)N,
ULHH MCC NS I T e 2 HE R o (0 M 2
Ine=Ine,— kP—fP"
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FRNEAE (X)), Py. a. ab. b '\ f4r 5 NRAS &
(Y), HEAT PLS 70#7, FRH Mk AR M 4 1t () 55
K2 . Py a b '3 DKHARIE S K008 A VIP
B 5.3 NS E 8 B BoR 9 MR B AL
FRIE R, X SEEIE RO, 5 1A F R T
BRI S HABIL R T 91.8%. TMiXH AL FEAT BIE
SR R . AR B SR AL ) A B M
& (variable influence on projection, VIP) {F ik
ZHOTRR R BCORIAERS, VIP>1 Ui B8 s i
2, VIP >0.8 ZIEbsECAEEP?, 9 MR
MC- pps piv Dos spans ¢ [f] VIP>1, % 5 4
BARIXS Pys a M1 b7 SENASCK, CLL HR ) VIP>
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Fig. 5 Loading scatter plot (I) and VIP scores scatter plot (II) of « (A), Py (B), and b1 (0
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0.57] Prure ' . X
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0.6+ span @
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£ 024 S,
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—0.2 8...
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-04 02 0 0.2

we [1]
R*X[1]=0.723 R*X[2]=0.255

AEHBE R R 7Y, £ ab B8 PLS
(E 6) KINPE i HEA 5E 2AH ], 3E R J5 R mT
Ret5 £ ab 3& A BORIE 20 B TASBEEAT 1 ARG
RIFEFRBEAT M AT K20, (BARSR AT LG Xt £o ab
TH MK I pures HR A CT (VIP>0.8),

A-1T i
1.4 -
1.2 )
1.0 —_
0.8 )

VIP[3]
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Fig. 6 Loading scatter plot (I) and VIP scores scatter plot (II) of ab (A) and f(B) by PLS analysis
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Table 5 Summary table of fitting equations for powder compactibility
o-compaction force Ryshkewithch-Duckworth
s - -
i ka ’ ik ks r’
100% Y=0.0651X—0.200 1 0.065 1 0.993 7 Y=-21.188 X+2.298 3 21.1880 0.9899
90% Y=0.082 6 X—0.162 5 0.082 6 0.994 9 Y=-19.427 X+2.559 5 19.4270 09979
80% Y=0.1072 X—0.212 5 0.107 2 0.998 4 Y=-16.531 X+2.404 2 16.5310  0.9956
70% Y=0.142 0 X—0.159 2 0.1420 0.996 2 Y=-13.861 X+2.464 1 13.8610 09973
60% Y=0.1743 X—0.116 6 0.174 3 0.988 9 Y=-11.315X+2.2978 11.3150 09971
50% Y=0.408 7 X—0.603 1 0.408 7 0.996 4 Y=-10.486 X+2.608 6 10.486 0  0.998 6
30% Y=0.4922 X—0.396 5 0.492 2 0.999 9 Y=-8.741 X+2.658 7 87410 0.9979
10% Y=0.5917 X+0.219 6 0.5917 0.998 9 Y=-6.957 6 X+2.700 2 6.9576  0.996 9
MCC Y=0.7380 X—0.383 5 0.7380 0.993 1 Y=-9.637 6 X+3.796 1 9.6376  0.9953
LT SR A ERIRE T RIARREL, 5 A - 100%
(13), RBRRHEIRIES —. 255 Houakaais 3 sl B o
BRI T A 2. 1 Ryshkewitch-Duckworth J7 1.01 Tl . D
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o] 1 . . —" MCC
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FLBRR MG, Inoc BRI M BT R SHEL
BERIABREBLGT (7=0989 9), kg (HFE%E
MCC Jn N\ &34 g #r g /s (21.188 0~6.957 6),
{H MCC 4% 2K (9.637 6) F4k. $iB MCC i
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Fig. 8 Porosity ratio profiles (x *s, n=5)
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Heckel 1l Kawakita, 1 M5 J7# Shapiro, 2 M%
AL FESH Esp. CR HATIFM . SLIRLE KK S
BN SR —2, UL S PR R B9 VEAT 75288 AR
UF PPN R AR G SR 4R« 7E1% 5 B 57 CR. Esps
av b'. Py ZEUMHTR A MCC W] DU 3 ik 4
(BB AR S s AR R R A PE, T ab. f SRR
MCC PRI 2 58 By 44 0 il 5 F B HE R RE 2, T Al
TR0 L HEARE e 1) 19 0 2 (SR AR FRDRLAR DRk, 389 T
RV B Ak T ARURN 285 5 7 25, AT 1 R A4 6 1
Atk o PRI, MCC A2 DI Ik A 258 14 T AR I8 1 =
He O ME 2R 0 B2 FL R4 e 7). PLS 43 M4 SR EoR
MC. pos piv Dos~ span. & PR A R 4 11 52 4
Ko AH pue W HFEMEL TG o PR AR R S50
ka BV ke BT TS 45 AL, 38R WIBEE MCC HIIIN K
RIVESR S, Ul BATEAD A RO P A 7 P e] DA B
1 NSEGEAT VN B2 2 MR IR AE TR E F1 (1~
4 kND [ MCC 2y K I 7 B R EE R,

FARJGE A Rt — SR o PLS 204l RALoR
AR MCy pov piv Dos spans & SEFEANE BN
R R PE R ER, (HILH HR CLy pyye SEMHEL
550 SRMIX 3 MBI R R B E S
Kab M FIOREMECR . BRI S, MRIISEREY)
PR 5K 2 B R B LD REME T . ARHTE FT EAR

i 7¢ 7 MCC %I SFIDE [ E & tERERI 2 m, (Hig
TNTE KL 7 BT BT B A% 25 A 5 5% % R Y 2 A
B, HETAER LA RE R ThReME L, KA R T AT
PRI AL .

S 3Lk
[1] Dong Q Q, Zhou M M, Lin X, et al. Differences in
fundamental and functional properties of HPMC

co-processed fillers prepared by fluid-bed coating and
spray drying [J]. Eur J Pharm Sci, 2018, 119: 147-158.

[2] Li Z, Zhou M M, Wu F, et al. Direct compaction
properties of Zingiberis Rhizoma extracted powders
coated with various shell materials: Improvements and
mechanism analysis [J]. Int J Pharm, 2019, 564: 10-21.

[3] LiZ, Wu F, Zhao L J, et al. Evaluation of fundamental
and functional properties of natural plant product powders
for direct compaction based on multivariate statistical
analysis [J]. Adv Powder Technol, 2018, 29(11):
2881-2894.

[4] % U, PAESR TR LS R R ER e S
HLELHTSC [D]. Lifg: bHghBEZRE, 2019.

[S1 Etti CJ, Yusof Y A, Chin N L, et al. Tableting properties
and compression models of Labisia pumila tablets [J]. J

Med  Foods, 2017,

Nutraceuticals  Functional

14(2):132-145.



* 4050

¢ £ % Chinese Traditional and Herbal Drugs

ES0E E 178 20194F9 H

[6]

[12]

[13]

[14]

[15]

[19]

Rajkumar A D, Reynolds G K, Wilson D, et al. The effect

of roller compaction and tableting stresses on
pharmaceutical tablet performance [J]. Powder Technol,
2019, 341(1): 23-37.

Hahih, K, BT, F MBI RN LA TR
B v EEVEF RPE I R [J]. 2, 2014,
45(8): 1072-1077.

Heckel
compaction [J]. Trans Metall Soc AIME, 1961, 221: 671-675.
£k, BEEE, g HE, % RET 28R
Jip =5 RCRIORE Ry s 2 A o K 3 45 77 BT A ) R DR A
[J]. HEZ, 2014, 45(14): 1998-2004.

Mg, FIE, 5k B, & B THABERT AR
X o 24 2 ) P R s A R P R S R [, o R 2
£, 2017, 26(5): 588-592.

Bibeify, ROLA, BREE, & AV KRS DT RECE
R SRR I FEFZ A&, 2012(12):
1362-1366.

G PFURMEZG L), C. ek e (L), . EARE,
B kR G RER M. st s ol AL,
2008.

Solomon S, Ziaee A, Giraudeau L, et al. Particle

W. Density-pressure relationship in powder

engineering of excipients: A mechanistic investigation
into the compaction properties of lignin and [co]-spray
dried lignin [J]. Inter J Pharm, 2019, 563(3): 237-248.
Augsburger L L, Hoag S W. Compression and
Compaction [M]. Third Edition. New York: Informa
Healthcare USA, Inc, 2008.

Nordstrom J, Klevan I, Alderborn G. 2009. A particle
rearrangement index based on the Kawakita powder
compression equation [J]. J Pharm Sci, 98(3): 1053-1063.
Bz 2y B AT B AR TS [D]. b
e AERURERZRE, 2019.

Patel S, Kaushal A M, Bansal A K. Mechanistic
pressure dependency of Heckel
parameter [J]. Int J Pharm, 2010, 389(1/2): 66-73.

Metin  C.
Technology [M]. Second Edition. New York: Informa
Healthcare, 2011.

Rue P J, Rees ] E. Limitations of the Heckel relation for

investigation on

Pharmaceutical ~ Powder  Compaction

(22]

(23]

(24]

[25]

[26]

(27]

[29]

[30]

predicting powder compaction mechanisms [J]. J Pharm
Pharmacol, 1978, 30(1), 642-643.

HITE, BN, WK, & T ERDEIM PLS

(] U5 3 A 1) 2 o0 BB AR PR AN WE AT 0], P2y,
2019, 50(13): 3200-3206.

o A AR &, F BT UPLC fearBhE4S
EA U B O P 2 R R R HIET AT ()],
%25, 2018, 49(17): 80-86.

RO/ R &, S ARPH IS 9 A
R 7 53R B (& B E S LB VA (0], R
2424, 2019, 44(14): 3002-3009.

Klevan I, Nordstrom J, Bauer-Brandl A, et al. On the
physical interpretation of the initial bending of a
Shapiro-Konopicky-Heckel compression profile [J]. Eur J
Pharm Biopharm, 2009, 71(2): 395-401.

Klevan I, Nordstrom J, Tho 1, er al. A statistical approach
to evaluate the potential use of compression parameters
for classification of pharmaceutical powder materials [J].
Eur J Pharm Biopharm, 2010, 75(3): 425-435.

Nordstrom J, Klevan I, Alderborn G. A protocol for the
classification of powder compression characteristics [J].
Eur J Pharm Biopharm, 2012, 80(1): 209-216.

Peeters E, Silva A F T, Fonteyne M, et al. Influence of
extended dwell time during pre-and main compression on
the properties of ibuprofen tablets [J]. Eur J Pharm
Biopharm, 2018, 128(7): 300-315.

352, B, BAAE Bk T RO BLE BN A7)
JE g R AR S (7], R EBE 2 Tk 2k s, 2019,
50(5): 478-487.

HEhE, HE K, BET, % R T 2R A
HRL T2 2 40 RORL T & (WA DG [J]. 24 %% 22 I,
2014, 49(3): 406-410.

Maarschalk V D V. Porosity expansion of tablets as a
result of bonding and deformation of particulate solids
[J]. Int J Pharm, 1996, 140(2):185-193.

Ryshkewitch E. Compression strength of porous sintered
alumina and zirconia [J]. J Am Ceramic Soc, 1953, 36(2):
65-68.

Duckworth W. Discussion of Ryshkewitch paper by
Winston Duckworth [J]. J Am Ceramic Soc, 1953, 36(2): 68.



