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ABSTRACT

The characterization of pharmaceutical powders by means of the SeDeM diagram expert system allows develop-
ing a database. This database is a useful tool in pre-formulation steps as initial screening for suitable filler excip-
ients. This study compiles the characterization of 21 powdery Microcrystalline Celluloses (MCC) of different
grades (101, 102, 301, 302 and 200) made by four different manufacturers (FMC Biopolymer, Ming Thai Co.,
Blanver, and JRS Pharma). The SeDeM characterization led to describing and to analysing the differences between
each MCC studied. From this characterization, five Incidence means (Dimensions, Compressibility, Flowability,
Lubricity/Stability and Lubricity/Dosage) and the Index of Good Compression (IGC) are calculated. If the IGC is
below 5, the SeDeM diagram indicates that the powdery substance is not suitable for direct compression technol-
ogy. The results show that each manufacturer has its own differences between grades: whereas JRS and FMC
Biopolymer have well defined differences for each grade, there are no differences between grades 101 and 102
for Ming Thai products; and Blanver's grade 102 is less suitable for direct compression than grade 101. Then,
each MCC is compared against the others of the same grade. Although they are usually described by the manu-
facturers similarly, the results indicate that there may be large differences between them. Finally, the different
brands are compared from an overall perspective. The IGC averages for FMC Biopolymer and JRS are acceptable
values (above 5). However, Blanver and Ming Thai present deficient values (below 5), though they are still
close to the acceptance limit. Thus, it is possible to conclude that the products of JRS and FMC Biopolymer
meet the manufacturers’ description and seem to be more suitable (higher IGCs) for direct compression than
those of Blanver and Ming Thai.

© 2018 Published by Elsevier B.V.

1. Introduction

formulation requirements (different particle size distribution, different
bulk density, mixed with other substances, among others). These and

MCCs are commonly used as filler/binder in direct compression
formulations [1,2] owing to their high “Compressibility” and good/ac-
ceptable “Flowability” [3-6]. In consequence, there are a wide variety
of manufacturers who produce them by different manufacturing tech-
niques or from different raw materials [7-10]. Likewise, a large number
of different MCCs are also available in order to meet all customers'

Abbreviations: Da, Bulk Density; Dc, Tapped Density; le, Inter-particle Porosity; IC, Carr
Index; Icd, Cohesion Index; IH, Hausner Ratio; o, Angle of Repose; t”, Powder Flow; %HR,
Loss on Drying; %H, Hygroscopicity; %Pf, Particle Size; I6, Homogeneity Index; MCC,
Microcrystalline Cellulose; API, Active Pharmaceutical Ingredient; DC, Direct Compression.

* Corresponding author.
E-mail address: nofreriasroig@ub.edu (L. Nofrerias).
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other factors such as their crystallinity, raw material, manufacturing
technique and country origin could lead to differences during the
tableting process [11-18]. Nonetheless, the product description
provided by the different manufacturers does not differ greatly from
one to another (concerning the same grade). For instance, four different
manufacturers (FMC Biopolymer, Ming Thai Chemical, Blanver, and JRS)
offer similar descriptions for their products: grade 101 is described by
all four manufacturers as having the finest particle size. It has an average
particle size near to 50 pum, except for JRS (65 pm). All the manufacturers
suggest this grade for wet granulation, and JRS specifies that its products
(Vivapur® 101 and Emcocel® 50 M) have a high compactability. How-
ever, this grade is also used in formulations for DC. This is the reason for
including it in this study. The manufacturers describe grade 102 as
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having a larger average particle size (near to 100 um for most grades
and 130 for JRS's products) and it is suggested for direct compression.
Grades 301 and 302 are described as the same quality as grades 101
and 102, and are therefore recommended for the same procedures,
but with a higher bulk density. Grade 200 is described as the largest
average particle size (180 pm by most brands, but 220 um and 250 pm
for Emcocel® LP 200 and Vivapur® 200, respectively). Due to its supe-
rior flow, the manufacturers describe it as being the excipient of choice
to correct the API's flow deficiencies. Moreover, they suggest this grade
for DC because it displays good compactability. It should be pointed out
that Ming Thai Chemical does not suggest any application for its grades.
It merely describes its products' characteristics and specifications.

In this study, SeDeM characterization was done for the grades
described above produced by the four manufacturers.' The SeDeM
Methodology [19] is a pharmaceutical method applicable in tablet for-
mulation studies. It characterizes powders such as excipients or drug
substances. This characterization provides information in diagram
form about substances' suitability for successful direct compression
(DC). The knowledge of a powder's deficiencies facilitates the formula-
tion of a final blend which is able to correct them. As established in ear-
lier studies [19-29], SeDeM characterization obtains the necessary
information about a substance's suitability for achieving tablets using
direct compression technology. The following parameters are
considered:

Bulk Density (Da)
Tapped Density (Dc)
Inter-particle Porosity (le)
Carr Index (IC)
Cohesion Index (Icd)
Hausner Ratio (IH)
Angle of Repose (o)
Powder Flow (t”)

Loss on Drying (%HR)
Hygroscopicity (%H)
Particle Size (%Pf)
Homogeneity Index (1©)

These parameters are determined by means of the SeDeM Diagram
method, based on known equations [22], and duly validated reproduc-
ible experimental tests, as shown in Table 1.

Once the parameters of the SeDeM Diagram had been established,
the acceptable numerical limit values for each of the 12 study parame-
ters were selected. These values are shown in Table 2.

If all radius values are 10, the SeDeM diagram creates a twelve-side
regular polygon as a result of attaching the different radii by linear seg-
ments. The previous experimental values are converted into radius
values and the figure created describes the product characteristics.
Each parameter indicates whether the powder is suitable for direct
compression. The SeDeM diagram used in this study consists of 12
parameters or, in other words, it is formed by 12 sides. In order to deter-
mine numerically whether the product is suitable for direct compres-
sion or not, the following indexes are calculated:

No.Pt25

Parameter Index (IP) = “NoPt

No. Pt > 5 indicates the number of parameters whose value is equal
to or higher than 5, No. Pt: Indicates the total number of parameters
studied. The acceptability limit would correspond to: IP > 0.5.

Parameter profile index (IPP) = mean r of all parameters

Mean r = mean value of the parameters calculated.

! Grades 301 and 302 for Blanver and grade 200 for Ming Thai Chemical were not
available.

Table 1

Parameters and equations used in SeDeM methodology.
Incidence Parameter Symbol Unit Equation
Dimension Bulk Density Da g/mL Da = M/Va

Tapped Density Dc g/mL Dc = M/Vc

Compressibility Inter-particle le - le =

Porosity (Dc-Da)/(DcxDa)

Carr Index IC % IC=
(Dc-Da)/Dcx100

Cohesion Index? Icd N Experimental

“Flowability”/Powder  Hausner Index IH - IH = D¢/Da
flow ratio
Angle of Repose (o) ° Tga = h/r
Powder Flow t” Experimental

32 »

Lubricity/Stability Loss on Drying %HR

Hygroscopicity %H

Experimental
Experimental

3Q

Lubricity/Dosage Particles <50 pm %Pf % Experimental
Homogeneity (Ie) - 16 = Fm/100 +
Index® AFmn?

2 Hardness (N) of the tablets obtained with the tested product, alone or blended with
lubricants if highly abrasive.

P Determines particle size in accordance with the percentages of the different particle
size fractions.

The acceptability limit would correspond to: IPP >5.
Index of Good Compression (IGC) is calculated as follows:

Index of Good Compression = IPP x f

Where f is the reliability factor and is calculated as follows:

fo Polygon area
~ Circle area

The acceptability limit would correspond to: IGC > 5.

If the IGC or a high number of parameters are below 5, the SeDeM
diagram indicates that the powdery substance is not suitable for direct
compression technology and several problems may arise during
compression.

The aim of this study is to compare similar products offered by
different manufacturers, often described similarly, from a database ob-
tained by means of SeDeM characterization. The comparison allows ver-
ifying whether the different products fulfil the manufacturer's
description, they are equivalents or not, and how these differences
could affect the final blend. In consequence, it enables finding out
which ones have the best properties to achieve suitable and speedy
pharmaceutical development. Furthermore, it is possible to compare
the different manufacturers generally in order to analyse which offers

Table 2
Limit values accepted for the SeDeM Diagram parameters and conversion factor to convert
each parameter into radius values (r).

Incidence Parameter Limit value Radius Factor applied
(V) (r) tov
Dimension Bulk Density 0-1g/mL 0-10 10v
Tapped Density  0-1 g/mL 0-10 10v
Compressibility Inter-particle 0-1.2 0-10 10v/1.2
Porosity 0-50% 0-10 v/5
Carr Index 0-200 N 0-10 v/20
Cohesion Index
“Flowability”/Powder ~ Hausner Index 3-1 0-10 (30-10v)/2
flow ratio
Angle of Repose  50-0 (°) 0-10 10-(v/5)
Powder Flow 20-0 (s) 0-10 10-(v/2)
Lubricity/Stability Loss on Drying 10-0 (%) 0-10 10-v
Hygroscopicity ~ 20-0 (%) 0-10 10-(v/2)
Lubricity/Dosage Particles <50 pm  50-0 (%) 0-10 10-(v/5)
Homogeneity 0-2x1072 0-10  (5x10%)*v

index
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the most suitable products for DC or if they display large differences in
IGC values regarding each grade.

2. Materials and methods

The material under study consists of 21 microcrystalline celluloses.
They are all listed below: Avicel® 101 Batch 61301C (FMC, Brussels,
Belgium), Avicel® 102 Batch 71031C (FMC, Brussels, Belgium), Avicel®
301 Batch P1319C (FMC, Brussels, Belgium), Avicel® 302 Batch Q1243C
(FMC, Brussels, Belgium), Avicel® 200 Batch M1401C (FMC, Brussels,
Belgium), Comprecel® 101 Batch C0911021-S (Ming Thai Chemical
Co., LTD. Taiwan, R.0.C.), Comprecel® 102 Batch C1112039-S (Ming
Thai Chemical Co., LTD. Taiwan, R.0.C.), Comprecel® 301 Batch
C1408086-S (Ming Thai Chemical Co., LTD. Taiwan, R.0.C.), Comprecel®
302 Batch C1403108-S (Ming Thai Chemical Co., LTD. Taiwan, R.0.C.),
Emcocel® 50M Batch 6105050939 (JRS PHARMA GGmbH & Co. KG,
Rosenberg, Germany), Emcocel® 90M Batch 6109051321 (JRS Pharma
GGmbH & Co. KG, Rosenberg, Germany), Emcocel® 90HD Batch
T95063 (JRS Pharma GGmbH & Co. KG, Rosenberg, Germany ), Emcocel®
200 LP Batch 256004 (JRS Pharma GGmbH & Co. KG, Rosenberg,
Germany), Microcel® 101 Batch 125000004 (Blanver, Farmoquimica,
Sao Paulo, Brazil), Microcel® 102 Batch 125001008 (Blanver,
Farmoquimica, Sao Paulo, Brazil), Microcel® 200 Batch 1450122014
(Blanver, Farmoquimica, Sao Paulo, Brazil), Vivapur® 101 Batch
6610153224 (JRS Pharma GGmbH & Co. KG, Rosenberg, Germany),
Vivapur® 102 Batch 5610201109 (JRS Pharma GGmbH & Co. KG, Rosen-
berg, Germany), Vivapur® 301 Batch 6630120110 (JRS Pharma GGmbH
& Co. KG, Rosenberg, Germany), Vivapur® 302 Batch 5630290339 (JRS
Pharma GGmbH & Co. KG, Rosenberg, Germany), Vivapur® 200 Batch
5620011550 (JRS Pharma GGmbH & Co. KG, Rosenberg, Germany).

The procedure for the product characterization of these substances
involves determining the 12 parameters of the SeDeM Diagram
[19,22]. The methods indicated in the pharmacopoeias were applied
wherever possible. When the methods were not available, a system
was proposed based on the common practice followed in pharmaceuti-
cal research specifically adapted for the SeDeM Diagram [21,30].

3. Experimental results

The parameter values were obtained following the described meth-
odology. Each parameter was determined three times and the mean
value was used for radius calculation. Diagram values were calculated
by applying the equations in Table 1. The figures obtained were then
converted into radii (r) as shown in Table 2. The corresponding param-
eters and the mean radius values obtained with the samples studied are
shown in Table 3 while the SeDeM diagrams are shown in Figs. 1, 2 and
3.

4. Comparison and discussion about the different Microcrystalline
Celluloses

The comparison and discussion of Microcrystalline Celluloses is
structured around three points. Firstly, the grades are compared for
each manufacturer and the results are compared as a whole. Secondly,
every MCC is compared against the others of the same grade. That is
to say, each manufacturer's product is compared against the others'
products. It should be pointed out, that “Compressibility” and
“Flowability” incidence means are the most critical functions in
SeDeM characterization [29]. They are calculated from eight out of
twelve parameters of the conventional SeDeM. Moreover, all of them
are involved in the mechanical zone. However, MCCs are classified
into grades according to their main functionality and related to their av-
erage particle size, as described on the manufacturers' web pages
[7-10]. The “Lubricity/Dosage” incidence mean allows us to discern be-
tween the different MCCs in this field. Therefore, the sum of

“Compressibility” (C), “Flowability” (F) and “Lubricity/Dosage” (L/D)
values (see Table 4) is taken into account to analyse the comparison
accurately.

Finally, the average of the sum (C + F 4 L/D) of each grade for each
brand is proposed in order to compare the different MCC brands gener-
ally (See Table 5).

4.1. Comparison between grades

a. FMC Biopolymer - Avicel® PH

In general, all grades of FMC Biopolymer's MCCs displayed an accept-
able IGC value. Only grade 101 has an IGC below 5. Grades 102, 302 and
200 show higher IGC values. (See Table 3).

However, there are noticeable differences in the incidence means. As
described by the manufacturer, grades 301 and 302 have higher densi-
ties (and acceptable “Dimensions” values) than grades 101 and 102,
whereas grade 200 has an intermediate value. As far as “Compressibil-
ity” is concerned, grade 101 displays the highest “Compressibility”
value (8.46). It should be noted that it is the highest value reached
among all the MCCs. Grades 102 and 302 show similar values (6.88
and 6.51 respectively), but grade 301 shows rather a lower value
(6.02) than grade 101. Grade 200 shows the lowest value (5.39). It
therefore seems that the trend followed is: the higher the grade (the
larger the particle size), the lower compressibility it displays. This is
due to decreasing le and IC, since all MCCs have an excellent Icd (see
Table 3).

Contrary to its “Compressibility”, grade 200 has the best
“Flowability” value, and grades 301 and 302 show similar but higher
values than their counterparts (grades 101 and 102) for this incidence
mean. There are no notable differences in the values obtained for the
“Lubricity/Stability” incidence mean, for which all values are between
6 and 7. MCCs displayed low hygroscopic ability but a high moisture
content (% HR).

With regard to the “Lubricity/Dosage” incidence mean, the results
are rather heterogeneous. At least 50% of the particles of grades 101
and 301 are below 50 pm, which explains their poor “Flowability”.

Nevertheless, grade 301 displays greater homogeneity as it has even
more fine particles than grade 101. Grades 102 and 302 have fewer fine
particles but also offer less homogeneity. Grade 302 has a lower “Lubric-
ity/Dosage” value than that of grade 301, and the value of grade 102 is
even lower than that of grade 101. As expected, according to the manu-
facturer's product description, grade 200 has almost no fine particles. It
has a poor Homogeneity Index, though it still displays the highest value
for this Incidence mean.

On the whole, the SeDeM analysis concludes that grade 101 has the
highest compressibility (8.46) but its poor “Flowability” (3.72) and high
number of fine particles should be noted. Grade 301 shows a higher
density than grade 101 but to the detriment of its “Compressibility”.
Grades 102 and 302 show a similar, well-balanced “Compressibility”/
“Flowability” ratio. Both incidence means have acceptable values.
Grade 200 has an intermediate density and higher “Flowability” but
lower “Compressibility” than the other grades.

b. Ming Thai Chemical - Comprecel®

IGC values differ regarding grade for Ming Thai Chemical products.
Comprecel® 101 and 302 have acceptable IGCs (5.02 and 5.36 respec-
tively), whereas Comprecel® 102 and 301 do not (4.87 and 4.37 respec-
tively) (See Table 3). Likewise, the results obtained regarding the
incidence means are more heterogeneous.

It is interesting that there are no differences in “Compressibility” and
“Flowability” between grades 101 and 102. Both have similar values for
the parameters leading to these Incidence means.

Nevertheless, there are differences regarding “Lubricity/Dosage”.
Grade 101 has more fine particles making it more homogeneous
(4.13). Grade 102 has a larger particle size (fewer fine particles) and



Table 3

Parameters, incidence means and parametric index.

SeDeM characterization of DC excipients

Parameters (r) Mean incidence Index

N  MCCgrade Excipient Da Dc le IC Ied H (a) t” %HR  %H %pf (1) Dimens Compressib  Flowabilty = Lub/stability ~ Lubricity/dosage  IP IPP IGC

1 101 Avicel® PH 101 281 407 918 619 1000 7.76 341 0.00 389 804 000 6.70 3.44 8.46 3.72 5.97 3.35 050 517 492
Batch: 61301C

2 Comprecel® 101 354 493 663 564 1000 804 311 0.00 479 833 000 825 424 7.42 3.72 6.56 4.13 050 527 5.02
Batch: C0911021_S

3 Microcel® 101 314 441 764 576 1000 798 202 0.00 350 915 000 8.05 3.78 7.80 333 6.33 4.03 050 514 489
Batch: 125000004

4 Vivapur® 101 327 422 573 450 1000 855 3.05 0.00 521 797 000 625 3.75 6.75 3.87 6.59 3.13 050 490 466
Batch: 6610153224

5 Emcocel® 50 M 319 409 575 440 1000 859 222 0.00 374 813 000 470 3.64 6.72 3.60 5.94 2.35 033 457 435
Batch: 6105050939

6 102 Avicel® PH 102 335 439 589 474 1000 845 511 649 418 836 445 3.70 3.87 6.88 6.68 6.27 4.07 050 576 548
Batch: 71031C

7 Comprecel® 102 338 467 681 552 1000 809 323 0.00 529 808 320 3.10 4.03 7.44 3.77 6.68 3.15 050 511 487
Batch: C1408086_S

8 Microcel® 102 329 421 553 437 1000 860 333 0.00 336 920 000 195 3.75 6.63 3.98 6.28 0.98 033 449 427
Batch: 125001008

9 Vivapur® 102 322 428 641 495 1000 836 390 417 411 839 323 3.0 3.75 7.12 547 6.25 3.17 033 534 5.09
Batch: 5610201109

10 Emcocel® 90 M 348 432 466 389 1000 880 417 517 462 768 504 330 3.90 6.18 6.04 6.15 4.17 042 543 517
Batch: 6109051321

11 301 Avicel® PH 301 455 576 385 420 10.00 867 366 000 518 813 0.00 10.00 5.16 6.02 411 6.65 5.00 050 533 5.08
Batch: P1319C

12 Comprecel® 301 437 519 3.02 3.16 1000 9.06 257 000 574 792 0.00 4.00 478 5.39 3.88 6.83 2.00 042 459 437
Batch: C1408086_S

13 Vivapur® 301 431 571 474 490 1000 838 471 000 485 817 0.00 7.80 5.01 6.55 436 6.51 3.90 042 530 5.04
Batch: 6630120110

14 302 Avicel® PH 302 447 593 459 492 1000 837 485 750 550 809 337 295 5.20 6.51 6.91 6.78 3.16 050 588 5.60
Batch: Q1243C

15 Comprecel® 302 441 583 460 487 1000 839 484 592 427 856 367 225 5.12 6.49 6.38 6.42 2.96 042 563 536
Batch:C1403108_S

16 Vivapur® 302 421 563 499 504 1000 832 410 733 558 809 398 425 4.92 6.68 6.58 6.83 4.11 058 596 5.67
Batch: 5630290339

17 Emcocel® HD90 387 463 353 328 1000 9.02 574 800 470 919 508 4.10 4.25 5.61 7.59 6.95 4.59 050 593 564
Batch: T95063

18 200 Avicel® PH 200 385 452 321 290 1000 9.13 560 808 660 761 828 230 4.19 5.39 7.60 7.10 5.29 058 601 572
Batch: M1401C

19 Microcel® 200 376 481 484 437 1000 861 472 850 486 7.76 683 3.20 4.29 6.40 7.27 6.31 5.01 042 6.02 573
Batch: 1450122014

20 Vivapur® 200 371 462 443 394 1000 878 547 806 386 885 800 340 417 6.12 743 6.35 5.70 050 6.09 5.80
Batch: 5620011550

21 Emcocel® 200LP 312 380 478 358 1000 891 544 717 439 897 786 135 3.46 6.12 717 6.68 4.60 050 578 5.50

Batch: 256004
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(@)

Comprecel® 101

Avicel® PH 101
Batch: 61301C

Avicel® PH 102
Batch: 71031C

Comprecel® 102
Batch: C1112039-S Batch: 125001008 Batch: 5610201109 Batch: 6109051321

Microcel® 101
Batch: C0911021-S Batch:

Microcel® 102

@ @)

Vivapur® 101 Emcocel® 50M

125000004 Batch: 6610153224 Batch: 6105050939

Vivapur® 102 Emcocel® 90M

Fig. 1. SeDeM diagrams obtained for grades 101 and 102.

less homogeneity (3.15). In any case, it should be noted that in this case,
both grades show the same behaviour for “Compressibility”/
Flowability”, regardless of the different particle size.

Another point to highlight is the comparison between grades 101
and 301. Grade 301 does not show a major increase in the “Dimensions”
value, although the dimensions of Comprecel® 101 are already higher
than the other grade 101 MCCs. Besides, there is no improvement in
“Flowability” terms while there is a real decrease in the “Compressibil-
ity” value. The “Lubricity/Dosage” incidence mean is also lower for
grade 301 (2.00) due to a decrease in homogeneity. When the compar-
ison of grade 301 against grade 101 is analysed, it is clear that in fact
grade 301 is less suitable for DC than grade 101 because its slightly in-
creased dimensions do not offset the decrease in incidence means.

However, grade 302 displays higher “Dimensions” and lower
“Compressibility” values than grade 102 but well-balanced

Avicel® PH 301
Batch: P1319C

Comprecel® 301
Batch: C1408086-S

“Compressibility”/“Flowability”. There are no differences between
them in terms of “Lubricity/Stability” and “Lubricity/Dosage”. There-
fore, we can conclude that the improved “Flowability” and “Dimen-
sions” of grade 302 compensate for its low “Compressibility” and as a
result, it has a higher IGC.

To sum up, apart from particle size, there are no differences between
grades 101 and 102 produced by Ming Thai Chemical in regard to their
suitability for DC. The analysis also concludes that grade 302 is more
suitable than grade 102 for DC whereas grade 301 is less so.

c. Blanver — Microcel®

IGCs for Blanver's grades 101 and 102 are below the acceptability
limit but grade 200 has one of the highest IGC values. Grade 102's IGC
is lower than grade 101's IGC, meaning that Microcel® 102 is less suit-
able for direct compression than Microcel® 101.

Vivapur® 301
Batch: 6630120110

Avicel® PH 302
Batch: Q1243C

Comprecel® 302

Vivapur® 302 Emcocel® 90HD

Batch: C1403108-S Batch: 5630290339 Batch: T95063

Fig. 2. SeDeM diagrams obtained for grades 301 and 302.
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Avicel® 200
Batch: M1401C Batch: 1450122014 Batch: 5620011550 Batch: 256004

Microcel® 200

Vivapur® 200

%H |
\

S%HRY
N

Emcocel® 200 LP

Fig. 3. SeDeM diagrams obtained for grade 200.

The characterization shows that there are no differences between
grades 101 and 102 concerning the “Dimensions” incidence mean.
Both are deficient values due to the low MCC density. However, grade
101 has a higher “Compressibility” value (7.80) than grade 102 (6.63),
as described above in the comparison of Avicel®, owing to a decrease
in IC and Ie. Despite the “Compressibility” decrease, grade 102 only
shows slightly higher “Flowability”. Furthermore, like grade 101, this
grade has a high number of fine particles (> 50%) and a low Homogene-
ity Index. Therefore, it has a lower “Lubricity/Dosage” incidence mean.

These results were unexpected since the manufacturer suggests
the use of grade 102 for direct compression and grade 101 for wet
granulation.

Table 4
Sum of “Compressibility”, “Flowability” and “Lubricity/Dosage”.

N Excipient Sum (C + F + L/D)

1 Avicel® PH 101 15.53
Batch: 61301C

2 Comprecel® 101 15.27
Batch: C0911021_S

3 Microcel® 101 15.16
Batch: 125000004

4 Vivapur® 101 13.75
Batch: 6610153224

5 Emcocel® 50 M 12.67
Batch: 6105050939

6 Avicel® PH 102 17.63
Batch: 71031C

7 Comprecel® 102 11.36
Batch: C1408086_S

8 Microcel® 102 11.59
Batch: 125001008

9 Vivapur® 102 15.76
Batch: 5610201109

10 Emcocel® 90 M 16.39
Batch: 6109051321

11 Avicel® PH 301 15.13
Batch: P1319C

12 Comprecel® 301 11.27
Batch: C1408086_S

13 Vivapur® 301 14.81
Batch: 6630120110

14 Avicel® PH 302 16.58
Batch: Q1243C

15 Comprecel® 302 15.83
Batch:C1403108_S

16 Vivapur® 302 17.37
Batch: 5630290339

17 Emcocel® HD90 17.79
Batch: T95063

18 Avicel® PH 200 18.28
Batch: M1401C

19 Microcel® 200 18.68
Batch: 1450122014

20 Vivapur® 200 19.25
Batch: 5620011550

21 Emcocel® 200LP 17.89

Batch: 256004

Microcel® 200 has a higher “Dimensions” value and its “Compress-
ibility” (6.40) is similar to but slightly lower than Microcel® 102's
“Compressibility” (6.63). Due to its larger particle size, Microcel® 200
displays adequate “Flowability” (7.27). It flows freely thorough a funnel
whereas the other grades do not.

As far as “Lubricity/Dosage” (5.01) is concerned, grade 200 shows a
low value for the Homogeneity Index (3.20) yet it shows a low percent-
age of fine particles, as was expected (6.83). The results obtained for
“Lubricity/Stability” (6.31) are quite similar to grades 101 (6.33) and
102 (6.28), although it has a lower moisture content but it is slightly
more hygroscopic.

To conclude, the main differences between Microcel® 101 and
Microcel® 102 are lower “Compressibility” and “Lubricity/Dosage” to
achieve slightly better “Flowability”. As a result, grade 102, which does
not fulfil the manufacturer's description, is less suitable for DC. Grade
200, with its larger particle size, has adequate “Flowability” and pre-
serves decent “Compressibility”. It has the highest IGC of these three
products.

d. JRS - Vivapur® and Emcocel®

As described above, JRS produces MCCs via two different techniques.
Regarding this, the different grades of Vivapur® are compared as well as
those of Emcocel®. Secondly, the differences between Vivapur® (air
stream manufacture) and Emcocel® (spray-dried manufacture) are
analysed for each grade.

All grades of Vivapur® have an acceptable IGC, except Vivapur® 101
(4.66). Vivapur® 102 (5.09) and Vivapur® 301 (5.04) have similar IGCs
whereas Vivapur® 302 (5.67) and Vivapur® 200 (5.80) present the
highest IGC values.

This brand's grades 301 and 302 have greater densities (5.01 and
4.92 respectively) than grades 101 and 102 (both 3.75) with the
“Dimensions” value near to the acceptance limit. The intermediate
value (4.17) of grade 200 is slightly higher than grades 101 and 102.

Vivapur® 102 displays a higher “Compressibility” value (7.12) than
Vivapur® 101 (6.75) due to higher values in Ie and IC. Vivapur® is the
only brand whose grade 102 displays better “Compressibility” than its
grade 101. Vivapur® 102 also shows improved “Flowability” with an

Table 5
Average IGC and Sum (C + F + L/D) values for each brand.
Manufacturer MCCbrand  Average of Average SDof  CV"(%)of
Sum of IGCs  IGC IGCs
(C+F+L/D) average average
FMC Avicel® PH  16.63 5.36 0.34 6.42
Biopolymer
Ming Thai Comprecel® 13.43 491 0.41 8.39
Blanver Microcel® 15.14 4.96 0.73 14.76
JRS Vivapur® 16.19 525 0.46 8.89
JRS Emcocel® 16.19 5.14 0.57 11.24

2 SD means standard deviation.
P CV means coefficient of variation.
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acceptable value (5.48), whereas Vivapur® 101 (3.81 “Flowability”
value) does not flow freely thorough a funnel and displays a worse
angle of repose. There are also differences in “Lubricity/Dosage”, while
the incidence mean values are closer. Vivapur® 101 has a large amount
of fine particles but provide homogeneity. However, Vivapur® 102 has
fewer fine particles although it is less homogeneous. Thus, Vivapur®
102 is more suitable for DC than Vivapur® 101.

Vivapur® 301 and 302 have greater densities than their counter-
parts, so they have higher “Dimensions” values. Both display lower
“Compressibility” than their counterparts but higher “Flowability”.
These differences are slightly more noticeable in grade 302. Vivapur®
301 is more homogeneous than Vivapur® 101, and Vivapur® 302 has
fewer fine particles than Vivapur® 102 and is more homogeneous.
Therefore, Vivapur®’s grades 301 and 302 result in better grades than
their counterparts, where the improved incidence means change the
“Compressibility” deficit into a favourable scenario.

Vivapur® 200 displays the highest “Flowability” but reduced “Com-
pressibility” due to its larger particle size. As explained previously, a
larger particle size is related to higher powder flow but less “Compress-
ibility”. Vivapur 200 is not homogeneous but it has few fine particles
and, as a result, it displays acceptable “Lubricity/Dosage” (5.70).

Emcocel® also displays acceptable IGCs for all grades, except for
grade 50 M (equivalent to grade 101 particle size).

Characterization identifies some differences between Emcocel®
50 M and Emcocel® 90 M (equivalent to grade 102). The same trend
described for Vivapur® is seen again. The grade of larger particle size
displays less “Compressibility” but rather enhanced “Flowability”.
Another difference that should be highlighted is that it shows the
same homogeneity as Vivapur® 102 but has fewer fine particles
(< 25%). Therefore, the “Lubricity/Dosage” incidence mean is better.

Nonetheless, there are no noticeable differences concerning
“Dimensions” and “Lubricity/Stability”.

Emcocel® 50 M produces a similar SeDeM diagram to Vivapur® 101
although all of its mean incidence values are lower than those of
Vivapur® 101. The greatest difference is seen for “Lubricity/Dosage”
owing to the low homogeneity of Emcocel® 50 M. Thus, it has a lower
IGC than Vivapur® 102.

Emcocel® 90 M displays less “Compressibility” but higher
“Flowability” than Vivapur® 102. It shows a decrease of Ie and IC but in-
creased flow time and angle of repose. As described above, it displays
higher “Lubricity/Dosage” (4.17 vs 3.17). In consequence, Emcocel®
90 M has a slightly higher IGC than Vivapur® 102.

Emcocel® HD90 (equivalent to grade 302) has a higher IGC than
Emcocel® 90 M (5.64 vs 5.17), although its density is not so increased
and its “Compressibility” is even more reduced. This means that its
“Flowability” is somewhat improved. In fact, it has the highest
“Flowability” in this grade and, as described for Emcocel® 90 M, it has
fewer fine particles (< 25%). In comparison with Vivapur® 302, the
lower “Dimensions” and “Compressibility” of Emcocel® HD90 are offset
by its high “Flowability” and higher “Lubricity/Dosage”, which result in a
similar IGC.

Finally, Emcocel® LP 200 has a lower but similar IGC to the other
MCCs of this grade (5.50). Whereas these incidence means (“Compress-
ibility”, “Flowability” and “Lubricity/Stability”) are similar to the others,
there are differences regarding “Dimensions” and “Lubricity/Dosage”. It
has lower “Dimensions” than the other MCCs. Indeed, its density is
equivalent to grade 101 (3.46). Similarly, it is less homogeneous than
Vivapur® 200. These two lower incidence means result in a lower IGC.

To sum up, there are differences between Vivapur®’s grades and
they have been well characterized. For this brand, grade 102 offers bet-
ter “Compressibility” and better “Flowability” than grade 101. Grades
301 and 302 show an improvement concerning their counterparts.
The reduced “Compressibility” is offset by an improvement in the
other incidence means. Vivapur® 200 has the highest IGC because it
combines high “Flowability” and acceptable “Compressibility”. How-
ever, there are no major differences between Emcocel® and Vivapur®.

For grades 101 and 200, Emcocel® is simply less suitable for DC com-
pression than Vivapur®. Grades 102 and 302 show similar IGCs, but
Emcocel® displays higher “Flowability” but lower “Compressibility”.

e. General discussion

Finally, the comparisons of the manufacturers’ products described
above are compared to each other.

Regarding the results described, it is clear that there are differences
between the manufacturers' different grades. The differences between
grades are well defined for the products of FMC Biopolymer and JRS,
whereas there are no differences between grades 101 and 102 for
Ming Thai's products (other than particle size), and grade 301 was less
suitable for DC than grade 101. With regard to Blanver's products,
grade 102 was less suitable for DC than grade 101, which would dis-
agree with its product description. It even has a large number of fine
particles, like grade 101 (> 50%).

The two products offered by JRS (Emcocel® and Vivapur®) are not
different for any grade. Only grades 102/90 M and 302/90HD differ
from each other whereas grades 50 M and 200LP only have lower
IGCs than grades 101 and 200.

4.2. Comparison between manufacturers

Although the differences between each grade have been described
for each manufacturer and compared in general terms, each MCC of
the same grade may vary greatly. These differences are now described
below.

a. Grade 101

The IGC values of Avicel® PH, Microcel® and Comprecel® are close
to the acceptable limit value, whereas Vivapur®’s IGC value is lower.
This is due to the fact that Vivapur® displays a lower compressibility
value than the others.

All MCCs have an excellent cohesion (Icd) parameter (10.00). How-
ever, Avicel® PH 101 is the only one whose “Compressibility” incidence
is higher than 8.00. This is because it also has an excellent le (see
Table 3). Regarding “Flowability”, none flows freely through a funnel.
In spite of this poor flowability, all of them provide a good Hausner's
Index value. Another difference described between them is that only
Vivapur® has a moisture content lower than 5%.

There are also differences in “Lubricity/Dosage” incidence mean.
Comprecel® and Microcel® show the highest values whereas Emcocel®
shows the lowest. These differences are due to the Homogeneity index.
Despite the high value of fine particles shown by all MCCs, there are dif-
ferences in their particle size distribution. The high amount of fine par-
ticles explains the poor rheology but it grants some homogeneity to the
product. Although Avicel® PH 101 does not have the best IGC, it
achieves the best sum (C + F + L/D) for this grade, whereas Vivapur®
101 and Emcocel® 50 have the lowest sums.

If the results are analysed, Vivapur®'s properties are less suitable for
compression by DC than the other MCCs.

b. Grade 102

There are significant differences in the MCCs that belong to this
grade. Avicel® PH 102 displays the highest IGC (5.48), whereas
Microcel® 102 displays the lowest IGC (4.27), and a huge distance sep-
arates them (A = +1.21). In contrast, Vivapur® 102 and Emcocel®
90 M show similar IGC values (5.09 and 5.17 respectively). Comprecel®
102 (4.87) does not reach the acceptable limit either.

If we analyse the Incidence Means, no MCCs reach the acceptable
“Dimensions” value. “Compressibility” is lower than for grade 101, ex-
cept for Vivapur 102. In this case, Comprecel® 102 and Vivapur® 102
(7.44 and 7.12 respectively) have the highest values, and Emcocel®
has the lowest value (6.18). All MCCs display excellent cohesion and
so “Compressibility” differences are due to different IC and le.
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The largest differences are observed are for mean “Flowability”.
Whereas Avicel® PH 102 (6.68), Emcocel® 90 M (6.04) and Vivapur®
102 (5.47) have acceptable values, Comprecel® 102 (3.77) and
Microcel® 102 (3.94) have values below 4. Moreover, these two prod-
ucts do not flow freely.

There are also differences in “Lubricity/Dosage”, but in this case, nei-
ther of them reaches an acceptable value. Microcel® 102 shows the low-
est value because it has a large number of fine particles and low
homogeneity (as described above). Comprecel® 102 and Vivapur®
102 have similar incidence mean values as well as similar parameter
values. Avicel® PH 102 and Emcocel® 90 M have similar homogeneity
values to Comprecel® 102 and Vivapur® 102, but different amounts
of fine particles. Thus, it is possible to conclude that even if they are
the same product, the particle size distribution of each brand is
different.

c. Grade 301

The MCCs that belong to grade 301 should have the same particle
size and quality but improved “Dimensions” and in some cases en-
hanced “Flowability”.

The “Dimensions” are increased for all MCCs of this grade. As a result,
Comprecel® 301 and Avicel® 301 show a decrease in “Compressibility”
in comparison with their counterparts. Vivapur® 301 shows similar
“Compressibility” to Vivapur® 101, but it should be taken into account
that Vivapur® 101 has lower “Compressibility” than the other 101
MCCs.

In terms of “Flowability”, Avicel® PH 301 and Vivapur® 301 have
higher values than their counterparts. Contrary to this, Comprecel®
301 does not show any improvement because its “Compressibility”
and its “Lubricity/Dosage” are reduced and there is no real “Flowability”
improvement. The sum of (C + F + L/D) is higher for the Vivapur® and
Avicel® brands than for the Comprecel® brand in this grade. Moreover,
the sum of (C + F + L/D) for Avicel® PH 301 (15.13) is similar to
Avicel® PH 101 (15.53), whereas Comprecel® 301 (11.27) is somewhat
lower than its 101 (15.27) counterpart. Only Vivapur® 301 shows a
higher value (14.81).

In relation to the “Lubricity/Dosage” incidence mean, they contain
large amounts of fine particles (all above 50%). Then, the differences
arise from the different Homogeneity Index. Avicel® PH 301 has an
excellent Homogeneity Index (10.00) and Vivapur® 301 also shows im-
proved homogeneity (7.80) versus Vivapur® 101 (6.25). However,
Comprecel® 301 shows the lowest Homogeneity Index (4.00) and is
lower than the Index for Comprecel® 101 (8.25).

To sum up, Vivapur® 301 shows an improvement against Vivapur®
101 as well as Avicel® PH 301, but the latter shows a critical “Compress-
ibility” decrease. Conversely, Comprecel® 301's properties are less suit-
able for direct compression than Comprecel® 101's properties.
However, it should be taken into account that Vivapur® 101 has the
lowest IGC.

d. Grade 302

All Grade 302 MCCs have an acceptable IGC (around 5.60) but
Comprecel® 302 displays the lowest IGC (5.36).

The “Dimensions” values are acceptable or close to acceptable for
this grade, except for Emcocel® HD90. Emcocel® HD90 also displays
the lowest “Compressibility” value, around one unit from the others.
The values obtained for “Flowability” are very similar to the values for
“Compressibility”.

All grade 302 MCCs display “Lubricity/Dosage” values below the ac-
ceptable limit, but Vivapur® 302 (4.11) and Emcocel® HD90 (4.59) dis-
play higher values than Comprecel® 302 (2.96) and Avicel® PH 302
(3.16). In this grade, differences between them are found in the number
of fine particles and the homogeneity index. Emcocel® HD90 and
Vivapur® 302 show better “Lubricity/Dosage” than grade 102. However,
Comprecel® 302 and Avicel® PH 302 show lower values concerning

this incidence mean.Therefore, the sums of (C + F + L/D) obtain dissim-
ilar values. Emcocel® HD 90 (17.79) and Vivapur® 302 (17.37) have
higher values, which are closer to Avicel® PH 102 (17.63). However,
Avicel® PH 302 (16.58) displays a lower value than its counterparts. It
should be noted that FMC Biopolymer describes Avicel® PH 302 only
as a high density MCC, but not as an MCC with improved flow. That is
to say, it fulfils the manufacturer's description. Comprecel® 302 has
the lowest sum of (C + F + L/D) for this grade (15.83).

e. Grade 200

Avicel® PH 200 (5.72), Microcel® 200 (5.73) and Vivapur® 200
(5.80) show adequate and higher IGCs than Emcocel® 200LP (5.50).

The same products show “Dimensions” values that are higher than
and similar to Emcocel®’s “Dimensions” value, but all of them are
below 5. However, all grade 200 MCCs display adequate “Compressibil-
ity” values, but it is Avicel® PH 200 (5.39) that has the lowest value with
a A = —1.01 lower than the highest (Microcel® 200) (6.40). As far as
“Flowability” is concerned, all MCCs have excellent values for Hausner's
index and flow time.

In contrast to the other grades, Grade 200 has acceptable values for
“Lubricity/ Dosage” (5.01 to 5.70) except for Emcocel® 200LP (4.60).
In spite of the low homogeneity displayed by this grade, it has a low
quantity of fine particles which provides it with good fine particle
values. Vivapur® displays the best value for this incidence mean. Not
only does it achieve the best sum of (C + F 4 L/D) in this grade, but it
is also the highest value for all grades (19.25).

f. MCC brands' Sum (C + F + L/D) and IGC averages

The average IGC and the average sum of (C + F + L/D) reflect the
trend followed for each brand, and the results show that there are gen-
eral differences between each brand.

FMC Biopolymer and JRS obtain an adequate overall IGC average
(value higher than 5) for their products. However, Blanver and Ming
Thai display unacceptable overall IGCs, although they are close to 5.
The difference is larger in the average of the sum (C + F + L/D)
where JRS and FMC Biopolymers's brands have higher values than the
other brands.

Furthermore, Comprecel® displays the lowest value for both aver-
ages, whereas Avicel® displays the highest values for both averages
and the lowest IGC coefficient of variation, which means that all of its
MCCs have similar IGCs. Blanver displays a coefficient of variation two
times higher than Avicel® because some of its MCCs have a high IGC
value (Microcel® 200), whereas others (Microcel® 102) display the
lowest IGC.

A low CV with a good IGC value point to a reliable manufacturing
technique where the different grades may display different incidence
mean values, but they have the same overall quality or suitability for di-
rect compression. A high CV means that not only are there differences in
the incidence means but they also have different final product qualities.

5. Conclusions

» The SeDeM diagram allows characterizing powders and, conse-
quently, accurately comparing them.

Differences for each grade are well defined by JRS and FMC Biopoly-
mer.

* There are no differences between Ming Thai's grades.

Blanver's grade 102 does not meet the manufacturer's description
(it is less suitable for DC than the grade 101).

Grades 200 and 302 are the most suitable for DC.

Grade 101 displays the highest “Compressibility” but the lowest
“Flowability”.

JRS and FMC Biopolymer tend to display higher IGCs for their products
than Blanver and Ming Tai.

Grade 200 displays a well-balanced ratio between Compressibility
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and Flowability as well as acceptable values for “Lubricity/Dosage”.

» Ming Thai has the lowest values in both averages (Sum of C + F + D/L
and IGC).

» FMC Biopolymer shows the highest overall values and the lowest
CV (%).
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