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Research on compaction behavior of pharmaceutical
powders based on surface free energy
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Abstract: This study was designed to establish the method of characterization of surface free energy (SFE)
and evaluate the compaction properties of pharmaceutical materials based on SFE. We investigated the contact
angles of materials with water and diiodomethane under different compression pressures. The contact angles of
materials at 353 MPa compression pressure were utilized to calculate the related parameters of SFE ultimately.
The area under tensile strength-compression pressure curve (AUTSC) and pressure yield (Py) were employed to
evaluate the compactibility of material. ~Additionally, Pearson correlation analysis was utilized to analyze the
relationship between the SFE and the compaction properties of pharmaceutical materials. The results exhibited
that SFE had a significant correlation with the compaction properties of materials (P<0.05). Moreover, the
related parameters of SFE, i.e., cohesive work (W) and polarity index (PI) of SFE, were positively correlated
with Py of Heckel equation and negatively related with AUTSC. The higher values of W, and PI, the stronger
repulsive force among the particles, led to a worse compaction behavior. In this study, we established the
method for characterization of the compaction behavior of materials based on SFE initially. This study also
demonstrated that SFE could evaluate the compaction behavior effectively, which provides a better understanding
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of compaction behavior for pharmaceutical researchers.
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KFIS5{EE  FKE 70 (GranuLac 70, L1411). #
BE 200 (GranuLac 200, L1402) (Meggle Pharma A /);
BIRE (160411) VEK (111206) (‘22485 L] 25 F SR
BRARD;, HEEEE (361602004, 7 5 HA H i a4 A R
ANAE); A% TIREY (20120501) . T 75 HAR B
(20120201) (TN EHRI A AR AF);, LIEELFH R
EC T10 (Aqualon EC-T10 Pharm, 52416) . HPMC E5
(hydroxypropyl methylcellulose, Benecel ™ E5 PHARM,
0501859067)  PVP K29/32 (Plasdone, 0001693619)
(Ashland A #); HPMC E3 (Type 2910, 3E150124Ll1,
Dow Chemical 2A7]); —HiH k& (20151104). fiF fig
MRk (20140116) (1 25 £ 1 4k 2 w5 A R 2 7);
Milli-Q 47K (Millipore 22 7]); Korsch XP1 &
A HL (Krosch AG 2A#]); HT10 il F{X (Sotax 2 F);
Accupyc 11 1340 I % FE{Y (Micromeritics 2 & );
SCA20 #i 4 Efit f4 (Dataphysics 23 7); HE 53 7K 43
FEAX (Mettler Toledo A &]); Mastersizer 2000 3¢ Hi
A (Malvern 2 A]).

BKEME IO ARL 2.5 g, BT KIFMEX
PR, OFE 105 CHNAVEEE, MEYR-E/KE (moisture
content, MC),

KWESTMNE BANREL 5 g BN
BT I, SR 0GR FEA T Scirocco 18I 58 Fi 4%
SAi. HHLLd10. d50. d90 FIFEFE Span FRAEYIEL

EEZEEMNE RHAEFENEMN, BdE
ik, WoE 10 URE S RAUIE I DI E Y0RHIK 2% B
(true density, p,).

MAKEEITE RN AL, R4 %
S 88 176+ 264+ 353, 406 MPa |4k}
VIR E TS RN 0.175 g, P I E R A 8.5
mm. [ SEAR AN E )R (¢, mm). 4% (d, mm)
FEEREE (F, N), RIEAR 1, HHYRHEA F 46 &
JIFHIPTIKEREE (TS, MPa)!'" "™, ] K45 15 /-t
skom Al 26 #15r, R ZE R AR (area under tensile
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strength-compression pressure curve, AUTSC) FRALY
KU R AR %) S v, REFE S JT PR R
FRE I R B T o

TS:£ (D)
wdt

Heckel F ##l A& KM Krosch XP1 X #%
Pharma research 3 {11 5. 7E 4% ) Heckel 7772 (A2
1 3),
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1-D

D=2 3
Py
b, p NAER ) P WTYIEHE L% L, p )9k
(0 B2 B o DR U R S B FE D G 5« kR
A TR SR A T A EHE R B R, v R
IR k BB JE I 7T (pressure yield, Py), 77
FEREREOR, JEIRIE ST Py B/, FoRPIEHE IR,
FEGEREPERAF P 22 7R A FE 6 45 i 28 F) Heckel J7
FEAL S SR R R EORT 0.995.
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In(
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Horb, y AR R R 5K 77, ps APEHT R TH
H i fE, o NREH BAEIEWRME &, ¥ AR A H
BEMR I 20 =, Weo NRLF IR ZE R Do ! AR Lifshitz-
wan der Waals /EF3 /1, .45 T London 7EF 7741 Keeson
H1 Debye 1EF T3, T 7 Ak ERAEH 340 tEAE
Fij 50261,

MHXa K E H A XS 85 YR 4%y
PR A S S e MR Pearson FHCREL N P HER
fiE, %4 P<0.05, INEABEMERT, ML) Pt
Minitab 17.0 Gt vHR A+ 56 il

5
1 MBS HRIE

MARBIRAR . K A B E S R LR 1.
1 AT, YEPRLAR A d10 1E 4.5~24.0 pm, d50
£ 13.3~131.9 pm, d90 7 21.5~344.6 pm, Span
£ 1.0~3.1 Zla. HABRERAR I A e B2 A 52
W, T EC T10 RiAR oK. & /KSR E % B e 25 1
IPIAE 0.1%~10.2%F1 1.1~1.5 gmL'. FLFE 200
HABURH S 7K E BRI HE B, 730108 0.13%
1.54 g'mL ™",
2 EMASREBHEE

1 E HHAE B E I 3 A el A O
A% (Invers gas chromatography, IGC) 2512521,
SRR SRR BT v 5 v e A s R T R (GFRA
Al AR A AT (A PR BB, At

Table 1 Physical properties of different sample powders. MC: Moisture content; pi: True density
Material Size /um Span MC /% P /g-mLfl
d1o dso doo
Lactose 70 21.650 +1.120 116.614 = 1.811 237.686 +10.186 1.853 £0.092 0.18 +0.02 1.542 7 +0.000 6
Lactose 200 7.702 + 0.084 34.466 + 0.223 108.092 + 1.359 2.913 +£0.052 0.13 +£0.01 1.5457 +0.000 8
Dextrin 8.111 £0.102 13.293 + 0.209 21.463 +0.338 1.004 + 0.002 7.05+0.15 1.523 7 +£0.001 3
Mannitol 5.209 £ 0.104 24.234 +0.670 80.296 £ 0.416 3.101 £0.074 0.17 £ 0.01 1.486 5 +0.001 1
Starch 7.903 £0.156 13.541 +0.029 22.843 +0.359 1.103 £ 0.040 10.22 £0.11 1.498 5 +0.002 3
PVP K29/32 12.740 + 0.986 52.720 +1.332 159.861 £ 0.661 2.793 +£0.091 4.70 £ 0.04 1.2152 +0.003 9
HPMC E3 22.457 +0.635 67.089 +0.217 177.502 £ 0.362 2.311 £ 0.005 3.78 £ 0.04 1.287 2 +0.000 3
HPMC E5 20.639 +0.248 94.586 + 2.632 226.367 £ 11.914 2.173 £ 0.062 3.55+0.12 1.284 9 +0.000 9
ECTI10 23.989 + 1.496 131.991 £3.833 344.565 + 5.441 2.430 + 0.040 1.84 £ 0.04 1.133 6 +0.000 7
Galla Chinensis extract 5.586 +0.028 19.238 £ 0.125 58.419 +0.799 2.747 £ 0.058 3.75+0.10 1.427 9 +£0.001 3
Sedi Herba extract 4.546 + 0.096 15.830 + 0.234 44.107 £ 0.608 2.500 +0.036 4.53 £0.04 1.344 1 +0.000 6
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AL 71T 353 MPa B Efil f AR b A g A, il
A RIEARE 353 MPa B RV M L SR Al 1,
YrokL S R b ) B kA R IO I A, Bl 2
£ 30 ~70 2 1A (& 1b). BR PVP K29/32, Wpklffh
MAFEARIAECIE S (<264 MPa) F, 5 ki

(a) = Lactose 70 *— Mannitol
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Figure 1

e F B S 77 ORISR, fEmE ST (> 264 MPa)
T, B AR EEARA K, HTE 353 MPa /1 F, K
AN Rl R U E 3 A A XA 4 AR RHE R, e R 22
HBN, H R 48 s 7179 353 MPa I, P0RL5 #4401
WAATE 1 B A T SRR T B R REA R S AL

He Tl v R R T A d RE R AR AR )
&y IR g i OGS R LR 2. iR 2 ]
R, PRHOFTE F HBEAE 27~70 mN-m™' 2 8], Hh
FLBE SV AT BOR KR T B H16E, 1 HPMC B3R 1
B e XN o AR NSHTE R B R ek . H 8
W FLBE SRS 2R A REAR R ROROR, N 35.3%~
56.3%, A Dy &b & 77 K40 RFA Bl Pk 4 BB, A
1.5%~15.0%  [8]; FoA 03 G R 32 B f i 1 4
Ko 7N 28.7% M 21.9% . AR 5T AR 1 E
REMM A e 70 & B 22 e K, SRR TR 2R i ) el RE
PE S W1 v T RS R RO Ry DRI, AT R T
SR PSS CD R N ETE L/ S

(h) —e— Lactose 70 =— Mannitol
—s— Lactose 200 +— Starch
—»— Dextrin w— ECT10

=— PVP K29/32
—=— HPMC E3
+— HPMC E3

s— Cralla Chinensis extract
+— Sedi Herba extract

100 200 300 400

Compression pressure /MPa

Contact angles (CA) of water (a) and diiodomethane (b) on the compacts surfaces

Table 2 Surface free energy (y), surface free energy components, i.e., dispersive component (yd) and polar component (") calculated by
OWRK approach. 8y: Contact angle with water; 6p: Contact angle with diiodomethane; PI: Polarity index; W..: Cohesion work

Material Ow/° Op/° y /mN-m”’ yd/mN~m’] ¥ /mN-m” PI Weo /mJ-m2
Water / / 72.8 21.8 51.0 70.1 145.6
Diiodomethane / / 50.8 50.8 0.0 0.0 101.6
Lactose 70 26.64 +1.59 44.51 £0.34 69.4 37.3 32.1 46.3 138.8
Lactose 200 23.15+1.96 57.70 + 1.89 68.5 29.9 38.6 56.4 137.0
Dextrin 42.45+3.20 57.62 +£1.03 57.8 29.9 27.9 48.3 115.6
Mannitol 64.95+4.73 62.62 +1.23 41.9 27.1 14.8 353 83.8
Starch 24.94 +2.36 46.03 £2.67 69.8 36.5 333 47.7 139.6
PVP K29/32 75.69 £ 2.60 48.46 + 1.44 413 35.1 6.2 15.0 82.6
HPMC E3 89.81 +1.32 61.27 £0.90 30.6 27.8 2.8 9.2 61.2
HPMC E5 89.55 + 1.64 52.92 +£2.07 34.5 32.6 1.9 5.5 69.0
ECTI10 102.59 +3.14 62.78 £1.23 27.4 27.0 0.4 1.5 54.8
Galla Chinensis extract 67.33 £1.25 57.38 £2.34 422 30.1 12.1 28.7 84.4
Sedi Herba extract 85.54 +£2.57 72.87 £2.12 27.9 21.8 6.1 21.9 55.8
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3 mKEE

YPRHEAS [F] 46 & 77T BB 9K 5 BE 43 A WL 2.
BB 2w, BEE R4 R 1R8Ok, YRk bk os
FERR . Praksd e T B ARy 9 3 28 BEJR4i R
JIBE R PUoK s EE R N2 A%, dndehy . WIkG S5, Bl &
Y AR R NG I i -3 a =B By NS = = e e o | T
HPMC E3. EC T10 4&; B4 % /7 B3 K Hk o
YERPRURRE IS, W FLHE 200, FLAE T IS .
K AUTSC € & RAEHHEHI 4617 9, AUTSC St
T YRHE AN TR 45 K ) B R 4 A7 M) AUTSC i
HAERIE 3. MK 3 AT, gk NS E 0
BRI K, JEk AUTSC /), A 293.4 MPa®, 1Ml
HPMC E3 #iz K, N 2003.2 MPa’,

»— Lactose 70 =— Mannitol
—+— Lactose 200 —=— Starch
—a— Dextrin +— EC T10
—e— PVP K29/32 —v— Gralla Chinensis extract
89 +— HPMC E3 +— Sedi Herba extract

o— HPMC E5

TS /MPa
F

2

T T
200 300 400

Compression pressure /MPa

Figure 2 Effect of compression pressure on the tensile strength
(TS)

Table 3 Area under tensile strength-compression pressure curve
(AUTSC) of the materials at different compression pressure

88—-176 88246 88-353 88—-406

Material MPa MPa MPa MPa
Lactose 70 62.0 195.4 406.3 555.2
Lactose 200 87.1 264.0 555.5 774.9
Dextrin 92.4 218.2 366.0 465.6
Mannitol 72.6 211.6 424.4 580.7
Starch 383 114.0 217.7 293.4
PVP K29/32 310.2 783.6 1354.1 1704.5
HPMC E3 467.7 1051.6 16457 2003.2
HPMC E5 161.5 405.2 695.8 877.6
ECTI0 379.3 820.6 1267.4 1529.2
Galla Chinensis 106.5 340.1 678.3 911.3
extract
Sedi Herba extract 180.4 541.6 1042.7 1372.1

4 Heckel FIZDHT

TEZE 1 Heckel T RERL & 45 R ILEE 4, BRSO RE 2
BVBRAEC (¥ e I 0, SRR R R AG S 4 1 R 4647 M
TERARE ) TR 5 A8 B HE RV i TR 0 R R e

Heckel J7FE4x HBLM 2R, K, Heckel J7 FE7E F 4%
TR E J1 P LA 45 R UF . B 4 AR, Bk E KD
BaHEN, FbEEA & KERE ], 5 119.1 MPa,
A E4E TR 2, T EC T10 AYJEIRE /749 40.0 MPa,
Al R VERUT . Heckel J7 FE UL 45 S AN BT 5K 58 A h 2%
THMERIEATE—H, BT Heckel A7
A M2 B U, R EARILYRE AR R ) BT R
FIA) B R SRR 0, T P Ak i Rl A G T R A
JEJT 2R, AR R 46 7 BB AR e 4R 1, LS
R R 263, A SR 78 /R IR B

EE L.

Table 4 Results of in-die Heckel analysis of the materials
studied at different compression pressure. Py: Pressure yield

Heckel analysis

Material Compression

pressure range/MPa Slope Py/MPa

Lactose 70 9.394-77.799 0.0124 £0.0005 80.8 +£3.1
Lactose 200 13.546—-84.876  0.008 4 +0.0003 119.1 +£4.0
Dextrin 2.410-91.354  0.009 8 £0.000 6 102.7+6.3
Mannitol 19.783-66.982 0.010 8 £0.0004 94.4+4.7
Starch 11.833-65.658 0.0152+0.0005 659+2.3
PVP K29/32 3.613-83.193 0.0160+0.0005 62.5+1.9
HPMC E3 3.549-80.706  0.0223 £0.0012 45.0+23
HPMC E5 2.831-86.563 0.017 8 £0.0004  56.1 £1.2
ECTI10 2.121-78.932  0.0250+0.0005  40.0 0.7
Galla Chinensis 5.359-84.174 0.016 0 £0.0007  62.6 3.0
extract

Sedi Herba extract 5.574-70.205 0.021 0£0.0002  47.6£0.6

5 REBEHESERFMEXR

Al P AL W, RAEVIRI R H HAESHL, Py
J AUTSC RAFEAERFE S5 5T 081 4 e M 1)
WItaHES) 71 PR R T B B RE MR %, E 2 RmH
HH BEAH G S HOP N YRR AR REVE I V5 - R H B AR
SRS RAFFER G REE R LK 3, HE 3 FHL W,
5 Py fIEAHSR (B 3a), H5ANFEE J1B AUTSC i fit
I (E3b), RILN W, 8K, Py K, AUTSC /],
YR E A Bk 225 . P X R4 e s 5w,
AL, RN PLECKR, Py BOK, AUTSC #/h, PIEHE
JEARFRE R ZE (B 3c, d).

X R H H ReAH OC S 8053 i) 5 RAEVRLE 4
PE 1) AUTSC A1 Py 347 Pearson #HIC o0 #, 455 W%
5. 3 5 AT, PLAN W, B0 485V 2 B 1A B0
A (P<0.05). Pearson AHI< RE1E R B N 7
FHOR, AHLL W, P HAHC R LANIE R, KA
PL 0K} R 4 R 1 s mi 36K
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Figure 3 Relationship between surface free energy related parameters and compression behaviour. a: Influence of W, on Py; b:
Influence of W,, on AUTSC; c: Influence of PI on Py; d: Influence of PI on AUTSC

Table 5 Pearson correlation between the surface free energy
related parameters and AUTSC

Pearson correlation

Relationship coefficient P value
Weo vs Py 0.721 0.012
PLvs Py 0.838 0.001
Weo vs AUTSC (88—176 MPa) —0.702 0.016
Weo vs AUTSC (88—246 MPa) —0.734 0.010
Weo vs AUTSC (88—353 MPa) —0.745 0.009
Weo vs AUTSC (88—406 MPa) —0.743 0.009
PI vs AUTSC (88-176 MPa) —0.794 0.003
PI vs AUTSC (88-246 MPa) —0.803 0.003
PI vs AUTSC (88-353 MPa) —0.788 0.004
PI vs AUTSC (88-406 MPa) —0.772 0.005

it

H FXT Pk iR v ) R AE 5 VR 2 R FH 250
M7, WAERE . BrakaRpESE . A SCAEWT TR S b
BEAT TAmMRR, IR H BB RN R, 2=
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W FC 4025 S S T PRI O 2 1 P J5 VAN s 4
R T AT, 25 AR SRR T B B A0 YR L 4
Rtk B R, YRR iR R R R T .
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YRE He 4 R R 5 AR T B BE R P e O S O]
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e EE R E AR 4 e, AR E R
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i, SRR F A
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I IR BA G HIbR i, FHHTFCEAE 68 70 K 200
MPa 5 R4 1 ) s SEPRHIU 5 B £ 20 A )
RWE S J5 3R 1 o g R AR AR AL, (H R 5K RT A
WAETRHREL. BRI MR, LSRR, KT
BRI OB R, SHER I A H AR 2, 5B
filt A8 o ASCHIBE SO SRR W, AE 353 MPa JEJ7H
Al 25 o A ik T A9 X B R A I 42 Ml A D
R, MR RN

ST AT E B AT TR VO TR AR ) D7,
A BT MO A FE RN B AR R0 IR 4547 9, R AL
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