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Abstract: Objective To investigate the effects of the amount and different adding methods of engineering colloidal silicon dioxide
(CSD) on the powder properties and vertical compression properties of CRP using the directly pulverized powders of Chenpi (Citri

Reticulatae Pericarpium, CRP) as the model drug. Methods Different proportions of CRP engineering composite powders were
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prepared by co-processing CSD with CPR using liquid dispersion with the external, the internal, and the internal and external addition.
The density, flow properties, particle size, porosity, compressibility and compactibility, tensile strength, work and energy were
measured and compared, and the physical fingerprints were drawn. Results The improvement degree in the powder and compression
properties of engineering CRP particles varied depending on the adding method of CSD. The samples 3, 6—9 showed marked
improvement in flowability, uniformity, density, hygroscopicity, tensile strength (TS), specific surface area (SSA), disintegration time
(DT), the effective work and energy, which were about 7.01—12.08-fold (TS), 1.63—2.42-fold (SSA) higher than that of CRP,
respectively. Meanwhile, the hygroscopicity and DT were reduced by about 30.46% to 42.00% and 250—384 s. Wherein, sample 3
from internal addition method and 9 from internal and external addition method show the most significant improvement. The samples
2,4 and 5 from external addition method and physical mix method were also improved in the flowability and SSA, however, that
cannot be compressed into tablets due to lower bulk and tap density. This may be related to the method of external adding of CSD, the
excipients was difficult to effectively bind with traditional Chinese medicine powder. The CSD floated on the surface of the powder,
which will play a greater role. For internal/internal and external addition (samples 3, 6, 8, and 9), some CSD were more tightly wrapped
on the surface of the main particle, while others enter the interior of the main particle due to the coating effect of the solid bridge and
the precipitation of active ingredients. In the process of compression process, the surface distribution of nanoparticle CSD can promote
the rearrangement of particles, and provide the particles with a nanoscale rough surface, which transform into a larger binding area
during compression, significantly improving the TS of the tableta. Compared with the external addition, it had higher density, better
uniformity, and compressibility. Conclusion Co-processing with CRP and CSD via the different addition by liquid dispersion could
improve the directly pulverized powders properties of CRP, which provides a feasible choice for improving the tableting properties of
some traditional Chinese medicine extract powders.
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Table 1 Fundamental, functional and tablet properties of powders of various engineering CRP powders (X £ S, n=3)

B i al(®) pol(mg-em™?) pa/(mg-em=3)  pd(mg-cm ) Cl/% HR Dso/pum span width
S1 42.67+0.58 480.104+0.10 690.20+0.20 1504.60+0.30 0.31%£0.17 1.45+0.18 78.23+0.90 2.43+0.02 189.7240.02
S2 37.67£0.58 172.104+0.10 241.30£0.30 1617.10+3.20 0.29£0.51 1.41+0.08 17.624+0.77 3.71£0.14 171.06 :0.05
S3 38.33£0.58 590.204+0.30 870.20+0.10 1 613.40+0.20 0.32%£0.06 1.47+0.12 82.07+5.14 2.41+0.09 197.574+0.04
S4 36.67+0.58 156.304+0.20 232.30+0.10 1682.40+2.40 0.30*£0.21 1.44+0.32 23.064+2.38 3.47£0.10 172.014+0.03
S5 40.67£0.58 172.204+0.40 250.20+0.40 1628.90+2.60 0.31£0.09 1.45+0.48 19.03+0.65 3.37£0.16 121.11+0.07
S6 37.33%£0.58 510.6040.50 750.10+0.20 1 639.30+0.80 0.33%£0.29 1.48+0.31 66.9940.96 3.04%0.05 203.63+0.05
S7 39.33£0.58 372.4040.90 560.20+0.50 1611.40+0.20 0.34%£0.09 1.52+0.03 42.40+1.48 4.160.13 176.4410.03
S8 36.33+0.58 630.204+0.20 899.10+0.30 1622.20+3.00 0.30£0.35 1.43+0.15 90.44+0.23 2.28+0.02 206.32+0.06
S9 37.67£0.58 531.5040.20 812.30+0.30 1618.90+0.40 0.35%£0.20 1.53+0.27 73.284+1.67 2.71£0.04 198.77+0.01

FEdh HERER uniformity /K E/% Py/MPa S A 1E /s %  REZERIY% NERE%

S1 0.194+0.00 0.76%+0.01 3.454+0.07 53.22+2.65 - 0.68 -1.21~1.03 1.84
S2 0.49+0.01 2.62+£0.04 3.73%+0.17 - - 0.89 - -
S3 0.394+0.02 0.77£0.03 4.75+0.20 69.46+558 251.31+21.41 0.63 -0.61~0.22 0.13
S4 0.84%+0.04 249+0.05 3.9140.09 - - 0.90 - -
S5 0.42%+0.01 1.66%£0.04 4.7940.01 - - 0.90 - -
S6 0.46+0.00 1.02+0.02 4.26+0.14 85.14+2.28 383.82+50.40 0.69 —0.05~0.54 0.16
S7 0.38%+0.01 1.35+0.04 4.60+0.13 75.66+3.17 337.52+16.52 0.77 -0.22~0.35 0.20
S8 0.31+0.00 0.72%+0.01 4.40+0.05 61.29+1.01 231.29+15.43 0.62 -0.65~0.32 0.15
S9 0.40+0.00 0.88+0.01 4.41+0.01 56.48+1.11 250.01+23.51 0.67 —0.08~0.15 0.09
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Table 2 Hygroscopicity equations and parameters of

various engineering CRP powders (X £ S, n =3)

FEEL R2 f k |FEf R? f k

S1 0.9947 0.0719 0.704 4| S6 0.9761 0.046 7 0.704 6
S2 0.9930 0.0572 0.9024| S7 0.9863 0.0439 0.9221
S3 0.9923 0.0470 0.9408| S8 0.9744 0.0500 0.6855
S4 0.9647 0.0447 0.6367| S9 0.9783 0.047 4 0.642 4
S5 0.9644 0.0417 0.9450
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Fig.2 TS-compaction force profiles for tablets prepared
by various engineering CRP powders (X £ S, n = 6)

Frvle TS (AR B Hd, fEMAEFETR, W
RIS HIFE A S3 BT il 750 TS &k (0.35~
2.81 MPa).

AL, AR i) % SR i L Jdk” <Ky
R, HE 2 ATLLE H, iR SRR S S7 A1 S9
Eb “Hedt” HI8RkES S6 Al S8 IR A7) TS
(0.24~2.20vs0.29~2.47) $#EF+ELE (TS: S9>
S7>S88>S6). IXF&KA “RpiR” B “HIL” k&
IRESD po BE/N, — R po /by, FIEPEEESF. [FINF,
F1ITLUEH, EMFIET, “BiE” (S7. S9
BCYIL” (S6. S8 il &I E R e, fEIE
Frid e, e Kurshnk 7l gs A, fligh s
B, RASIE RS T, FARE TS $ K.

®3 FERRSMEMEERIETNERSHSEESH (X+s,n=3)

Table 3 Tableting parameters and energetic parameters of compression of various engineering CRP powders (Xt S, n =3)

B CF/KN Esld EvJ PL/% R1/% R2/% R3/% TS/MPa

s1 3 0.09+£0.04  4.07+0.08 96.03+1.74 4638+1.16 51.48+0.24 2.1440.99 -
6 0.32+0.03 821+023 9274+056 46.31+1.39 49.79+1.03 3.90+0.39 0.1086+0.0206
9 0.680.09 12.04+0.35 89.31+1.24 47.10+056 47.17+0.41 5644070 0.2468+0.036 6

S3 3 0.05+0.02 2.74+0.13 95.88+4.69 51.69+3.67 47.08+3.25 1234042 0.3528+0.0093
6 0.23+£0.04 6.33+0.49 9548+1.27 45654080 51.22+0.72 3.124051 1.3117+0.1176
9 058+0.08 10.02+0.07 93.52+0.80 48254050 46.96+0.23 4.794+0.64 2.8056+0.098 7

S6 3 0.11£0.04 3.61+0.06 94.69+1.23 44314126 5277024 2.9241.03 0.2492+0.024 4
6 0.27+0.08 6.66+0.18 92.65+1.97 44534099 51.39+0.96 4.09+1.13 0.806 6+0.0232
9 057+0.11 10.74+0.38 90.15+1.43 46.05+0.29 48.63+0.52 5324080 1.7288+0.0867

s7 3 0.04+0.03  4.29+035 9750+0.71 34.84+0.69 6359+051 156+1.14 0.2920+0.0541
6 0.18+£0.04  7.45+0.14 94244090 35.0520.93 62.01+£0.26 2.9440.86 1.0150+0.007 7
9 0.41£0.06 12.11+0.15 90.75+1.15 37.4640.83 5849+0.76 4.0640.52 2.4324+0.0608

S8 3 0.04+£001  2.67+£0.00 97.88+044 38.0240.26 6067053 1.3140.26 0.23300.006 4
6 0.18+£0.07 6.15+0.36 9542+159 35514086 6154+0.47 2.9621.06 1.0591+0.0469
9 0.43+0.09 9724037 93.01+1.34 37.14+1.08 5848+0.87 4.3820.88 2.2001+0.1717

S9 3 0.03£0.01  3.10+0.11 98.17+061 41414203 5752+210 1.07%+0.35 0.3480+0.0177
6 0.194+0.04 6.27+0.15 95074090 38.79+0.66 58.19+0.43 3.02+0.58 1.1796+0.060 3
9 0.484+0.06 10.054+0.05 92.17+0.85 38.64+1.14 5655+0.64 4.81+0.61 2.4774+0.0905
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Fig.3 FES (A), CR (B), E1 (C), E2 (D), Esp (E), Fup (F)-compaction force curves for tablets prepared by various engineering
CRP powders (XS, n=6)
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Fig. 4 Heckel curve profiles of tablets compressed with

various engineering CRP powders
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BUE VLT AR R e SR 4, B R IE 5.
PR RAE — AR BRI & — R AB bR e S E AR, 1t
FOPEME, B REZRAREDS, 4R ILE 6,
Frenl ik, SR IE S,
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Table 4 Range of secondary indexes and transformation

formula of physical property fingerprint

—%dehs IR RS A BEmE #BRARK
HEAAE HWHEE  pp gmLl0~1 10 x
FELEE pa gmlTt0~1 10 x
B ki Dso pm 36.33~42.67 x/10
span / [ 228~9.71 (50—10x)/3
width /- 0~1600  (1600—x)/160
st ik« ° 0~50 10—x/5
ZEWALL HR 1 1~3 (30—10 x)/2
FasE ik R f % 0~20 10—x/2
&KE MC % 0~10 10—x
RGN SRR ¢ % 0~12 10 x/1.2
FR#EH Cl % 0~50 x/5

R5 TEIFREEMER AR ZRIBFRNITESER
Table 5 Calculation results of secondary indexes related to

various engineering CRP powders

By pp pa MC Dso span o CI HR ¢ f width
S1 4.816.90 6.55 7.82 8.57 1.47 6.20 7.75 5.67 6.41 8.81
S2 1.722.416.27 1.76 4.30 2.47 5.78 7.95 7.42 7.14 8.93
S3 5.918.72 5.25 8.21 8.63 2.33 6.41 7.65 5.25 7.65 8.77
S4 1.632.29 6.09 2.31 5.10 2.67 5.97 7.80 7.50 7.77 8.92
S5 1.692.285.21 1.90 5.43 1.87 6.21 7.75 7.50 7.92 9.24
S6 5.11 7.515.74 6.70 6.53 2.53 6.62 7.59 5.75 7.67 8.73
S7 3.72 5.60 5.40 4.24 2.80 2.13 6.83 7.41 6.42 7.81 8.90
S8 6.29 8.99 5.60 9.04 9.07 2.73 6.01 7.85 5.17 7.50 8.71
S9 5.288.115.59 7.33 7.63 2.47 7.02 7.35 5.58 7.63 8.76




FED 2025F 47 $56% B 78  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7 .+ 2327 -

=6

T EIFRR B B A R — IR IRRO T E AR
Table 6 Calculation results of primary indexes related to

various engineering CRP powders

Fedh Bt st RUENE ERUWE R EE
S1 8.40 4.61 6.48 5.85 5.93
S2 5.00 521 6.71 2.05 6.61
S3 8.54 4.99 6.45 7.30 5.83
S4 5.44 5.23 6.93 1.95 6.75
S5 5.53 481 6.56 2.10 6.85
S6 7.32 5.07 6.70 6.30 6.18
S7 5.31 4.77 6.60 4.65 6.61
S8 8.94 5.29 6.55 7.65 5.58
S9 7.91 4.91 6.61 6.70 6.29
st Py
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Fig. 5 Physical fingerprint of various engineering CRP powders
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