
Introduction

The measurement of the force-displacement depen-

dence is one of the most widely used methods for the 

study of the compaction process in the course of table-

ting. It is the dependence between the trajectory of the

upper punch and the compression force. When the upper

punch is entering the matrix, the compression force is

fluently increasing; after the set value at which the com-

pact is produced is achieved, it rapidly decreases to the

initial value. This gives rise to a curve by means of which

it is possible to describe the energetic course of compac-

tion (Fig. 1). The supplied energy is necessary for the

compression of materials and the formation of solid

compacts. The area under the presented curve corres-

ponds to the work of compression, i.e. the energy accu-
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SUMMARY

Energy evaluation of the compaction process of directly compressible isomalt
The paper compares the compressibility of two directly compressible isomalts, galenIQ™ 720 and

galenIQ™ 721, using the energy evaluation of the compaction process by means of the force-

-displacement profiles. It evaluates the energies for friction, energies accumulated by the tablet,

energy of decompression, energy of compaction and plasticity in pure dry binders, in dry binders

with lubricants (0.5 and 1% of magnesium stearate and sodium stearyl fumarate) and further in the

tableting materials containing the model ingredients acetylsalicylic acid and ascorbic acid. The

results of the study have revealed that lower values of the energy for friction and compaction with

the identical compression force are found by the substance galenIQ 720, which is therefore better

compressible than the substance galenIQ 721.
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SOUHRN

Energetické hodnocení lisovacího procesu přímo lisovatelného isomaltu.
V práci je porovnávána lisovatelnost dvou přímo lisovatelných isomaltů galenIQ™ 720 a galenIQ™

721 prostřednictvím energetického hodnocení lisovacího procesu pomocí záznamu „síla-dráha“.

Jsou zde hodnoceny energie na tření, energie akumulovaná tabletou, energie dekomprese, energie

lisování a plasticita, a to u čistých suchých pojiv, u suchých pojiv s mazadly (0,5 a 1% stearanu

hořečnatého a stearylfumarátu sodného) a dále u tabletovin s modelovými léčivy kyselinou

acetylsalicylovou a askorbovou. Z výsledků práce vyplynulo, že nižší hodnoty energie na tření i na

lisování při stejné lisovací síle vykazuje látka galenIQ 720, proto je lépe lisovatelná než látka

galenIQ 721.

Klíčová slova: přímo lisovatelný isomalt – záznam „síla-dráha“ – mazadla
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mulated in the tablet (E
2
); the record makes it also pos-

sible to determine the energy consumed by friction

during compression (E
1
) and the elastic component of

energy (E
3
). The energetic profiles can be useful as mate-

rial compression characteristics in pre-formulation studi-

es of compression of various substances. Their contribu-

tion primarily lies in the possibility to subsequently

correlate the energetic inputs or the work of compression

with the deforming and tablet-forming properties of vari-

ous materials 1, 2).

The present paper compares, by means of energetic

evaluation of the compaction process, two types of

directly compressible isomalt, galenIQ 720 and ga-

lenIQ 721. The paper directly links up with the previ-

ous publication, which evaluated the compressibility of

both substances by means of the strength of compacts

and in this connection no more significant difference in

the compressibility of isomalts was found 3). Isomalt is

a mixture of hydrogenated monosaccharides and disac-

charides and its principal components are disaccharidic

alcohols 1-O-α-D-glucopyranosyl-D-mannitol dihydra-

te (GPM) and 6-O-α-D-glucopyranosyl-D-sorbitol

(GPS) 4). The agglomerated product of isomalt is produ-

ced by the German firm Palatinit GmbH under the name

of galenIQ™, types 720 and 721 being intended for

direct compression. The individual types differ by the

ratio of the principal disaccharide alcohols; in type 720

the ratio GPM and GPS is 1 : 1 and in type 721 this

ratio is 1 : 3, and as the result it is more soluble in

water 5).

EXPERIMENTAL PART

Materials

galenIQ™ 720 – agglomerated isomalt ( 1-O-α-D-glu-

copyranosyl-D-mannitol dihydrate and 6-O-α-D-gluco-

pyranosyl-D-sorbitol in the ratio of 1 : 1) (Palatinit

GmbH, Germany);

galenIQ™ 721 – agglomerated isomalt ( 1-O-α-D-glu-

copyranosyl-D-mannitol dihydrate and 6-O-α-D-gluco-

pyranosyl-D-sorbitol in the ratio of 1 : 3) (Palatinit

GmbH, Germany);

Pruv® – sodium stearyl fumarate (J. Rettenmaier &

Söhne GmbH + Co, Rosenberg, Germany);

magnesium stearate (Acros Organics, New Jersey,

USA);

ascorbic acid (Northeast General Pharmaceutical Fac-

tory, China);

acetylsalicylic acid (Merck KgaA, Darmstadt, Germa-

ny).

Preparation of tableting materials and tablets 3)

Tests included tableting materials from dry binders

without lubricants, mixtures with lubricants, and mixtures

with active ingredients. Altogether 18 tableting materials

of the following composition were used (Table 1 and 2).

Dry binders with lubricants were mixed for 5 minutes

in a stainless steel cube KB 15S (Erweka GmbH, Hau-

senstamm, Germany). Mixtures with active ingredients

were prepared by mixing the dry binder and the active

ingredient for 5 minutes, then the lubricant was added

and the material was mixed for 5 minutes again. The

rotation rate of the mixing cube was always 17 revolu-

tions/minute. The amount of prepared tableting materials

without active ingredients was always 30 g, with active

ingredients, 20 g.
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Fig. 1. Plot of upper punch force versus upper punch
displacement during compression and decompression
E1 – energy of friction, E2 – energy accumulated by the tablet,
E3- energy of decompression

Table 1. Tableting materials without active ingredients

Mg st. – magnesium stearate

Raw material

Tableting material

1 2 3 4 5 6 7 8 9 10

galenIQ™ 720 + + + + +

galenIQ™ 721 + + + + +

0.5% Mg st. + +

0.5% Pruv + +

1% Mg st. + +

1% Pruv + +
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Preparation of tablets and energy evaluation 
of compaction process

All tableting materials were used to produce 10 tablets

compressed with the use of a special die with an upper

and a lower punch on a material testing equipment

T1–FRO 50 TH.A1K Zwick/Roell (Zwick GmbH & Co,

Ulm, Germany). Proper compaction took place by app-

lying the pressure on the upper punch. The tablets were

of a cylindrical shape without facets with a diameter of

13 mm and weight of 0.5 ± 0.0010 g. Compression ve-

locity was 1 mm/s and compression force 8 kN. The

value of preloading was 2 N, the velocity of preloading,

2 mm/s. Mixtures including active ingredients were com-

pressed using a compression force of 10 kN. In all tab-

lets, the “force-displacement” plot was drawn by means

of a computer programme testXpert V 9.01 and the com-

paction process was evaluated as far as energy was con-

cerned, i.e. the energies E
1
, E

2
, E

3
, Ecomp and plasticity

were expressed numerically. Energy E
1

is the energy

consumed by friction, energy E
2

is the energy accumula-

ted by the tablet in the course of compression, energy E
3

is the energy released during decompression, and Ecomp

is E
2

+ E
3
1).

RESULTS AND DISCUSSION

The study aimed to evaluate the difference in the com-

pressibility of two types of directly compressible iso-

malts by means of the energetic evaluation of the com-

paction process. The results of the study are presented in

five figures and one table. The figures and the table show

the values of the energy consumed for friction (E
1
), ener-

gy accumulated by the tablet after compaction (E
2
), ener-

gy of decompression (E
3
), plasticity, and the energy of

compaction (Ecomp), which is the sum of the energy

accumulated by the tablet and the energy of decompres-

sion. The figures show these values for the dry binders
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Fig. 2. Values of energy of friction at the compression force of 8 kN
E1 – energy of friction, Mg st. – magnesium stearate

Table 2. Tableting materials with active ingredients

Mg st. – magnesium stearate, ACA – acetylsalicylic acid, ASA – ascorbic acid

Raw material Tableting material

11 12 13 14 15 16 17 18

galenIQ™ 720 + + + +

galenIQ™ 721 + + + +

1 % Mg st. + + + +

1 % Pruv + + + +

50% ACA + + + +

50% ASA + + + +
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galenIQ 720 and 721 without and with lubricants at the

compression force of 8 kN. The table summarizes the

values of the energies of these substances in a mixture

with the model active ingredients acetylsalicylic acid and

ascorbic acid in the ratio of 1:1 always with 1% of lub-

ricants at the compression force of 10 kN.

Figure 2 represents the values of the energy E
1

at the

compression force of 8 kN for the isomalts under study.

This energy is the energy consumed by friction and its

value is lower in the case of the substance galen IQ 720.

The value of this energy is slightly decreased by the lub-

ricants. Within the type and concentration of lubricants

there is no larger difference between the values.

Figure 3 shows the values of the energy E
2
. It is the

energy accumulated by the tablet after compaction. This

energy is again lower in the case of the substance ga-

lenIQ 720. Lubricants decrease its value in the substance

galenIQ 721. In the substance galenIQ 720 this energy is

decreased only by a 1% addition of Pruv.
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Fig. 3. Values of energy accumulated by the tablet at the compression force of 8 kN
E2 – energy accumulated by the tablet, Mg st. – magnesium stearate

Fig. 4. Values of energy of decompression at the compression force of 8 kN
E3 – energy of decompression, Mg st. – magnesium stearate
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Figure 4 represents the values of the energy E
3
. It is the

energy released during decompression, i.e. the energy

expressing the elasticity of the material. In this case the-

re were no statistically significant differences in the va-

lues of pure dry binders and the mixtures with 0.5% and

1% of magnesium stearate. In the case of the mixture

with 0.5% of Pruv and 1% of Pruv, the values were 

higher in the case of the substance galenIQ 721. The

values of this energy are the lowest, the highest values

being those of the energy consumed by friction.

Figure 5 shows the values of the energy of compacti-

on (E
2

+ E
3
). This energy is higher in the case of the sub-

stance galenIQ 721, above all due to a higher value of E
2
. 

Figure 6 represents the plasticity of both isomalts; 

higher values are shown by galenIQ 721, plasticity in this

case decreases with an addition of lubricants.

Table 3 shows the examined values of energies and

plasticity for tableting materials containing active ingre-

dients, viz. ascorbic acid and acetylsalicylic acid, in the

proportional representation to dry binders of 1 : 1. The
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Fig. 5. Values of energy of compaction at the compression force of 8 kN
Ecomp – energy of compaction, Mg st. – magnesium stearate

Fig. 6. Values of plasticity at the compression force of 8 kN, Mg st. – magnesium stearate
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active ingredients employed differ in their mechanisms of

compaction; acetylsalicylic acid is compacted mainly

plastically, ascorbic acid by fragmentation of particles 6).

In both active ingredients there occurred a higher value of

energy for friction for galen IQ 721, where, in addition,

there is no difference in the lubricant employed. In the

substance galen IQ 720, there is a lower value of energy

in the mixture with 1% of Pruv. Within the type of the

active ingredient, higher values occur in the tableting

material containing acetylsalicylic acid. As concerns the

value of energy E
2
, i.e. that accumulated in the tablet, the-

re are significantly lower values of this energy in tableting

materials containing the isomalt galen IQ 720 and in the

case of the mixtures containing acetylsalicylic acid,

which is better compressible. In addition, it reveals the

difference within the type of the lubricant, which is more

marked in the case of ascorbic acid. The values of E
2

are

always higher with 1% of magnesium stearate. The values

of the energy of decompression are higher in the case of

the tableting materials containing acetylsalicylic acid, due

to the prevailing mechanism of compression by plastic

deformation 6). The difference in the effect of lubricants is

not statistically significant in the case of both active

ingredients. The value of the energy of compaction (E
2

+

E
3
) is higher in the case of both active ingredients for

galenIQ 721. The values of plasticity are again higher in

the case of the substance galenIQ 721 in both active

ingredients, in the case of mutual comparison of the ac-

tive ingredients surprisingly in the mixtures with ascorbic

acid, which should be less plastically deformable. 

It can be concluded that lower values of energy for

both friction and compaetion are found in the dry binder

galenIQ 720, which is therefore from the energy stand-

point better compressible than galenIQ 721.

The study was supported by the grant MSM 0021620822 and by the

firm PALATINIT GmbH Germany, which supplied the samples of the

dry binders tested.
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Table 3. Values of the energies and plasticity at the compression force of 10 kN: mixtures with active ingredients

E
1

– energy of friction, E
2

– energy accumulated by the tablet, E
3
- energy of decompression, Ec – energie of compaction, Mg st. – magnesium

stearate, ASA – ascorbic acid, ACA – acetylsalicylic acid, s – standard deviation

Tableting material

galenIQ 720 + ASA 1:1

E1 /J/ (s /J/) E2 /J/ (s/J/) E3 /J/ (s/J/) Ec /J/ (s/J/) Pl /%/ (s/%/)

+1% Mgst 10.209 (0,484) 4.023 (0,053) 1.986 (0,032) 6.0,1 (0,06) 66,96 (0,49)

+1% Pruv 9.127 (0.394) 3.922 (0,053) 1.974 (0.035) 5.9 (0.07) 66.52 (0.41)

galenIQ 720 + ACA 1:1

+ 1% Mgst 12.297 (0.329) 3.876 (0.14) 2.048 (0.023) 5.92 (0.15) 65.42 (0.72)

+1% Pruv 11.557 (0.714) 3.865 (0.112) 2.062 (0.023) 5.93 (0.13) 65.2 (0.66)

galenIQ 721 + ASA 1:1

+ 1% Mgst 12.329 (0.237) 4.357 (0.106) 1.996 (0.032) 6.35 (0.08) 68.57 (0.08)

+ 1% Pruv 12 (0.669) 4.273 (0.141) 1,98 (0.029) 6.25 (0.13) 68.33 (0.87)

galenIQ 721 + ACA 1:1

+ 1% Mgst 14.488 (0.486) 4.085 (0.09) 2.055 (0.035) 6.14 (0.12) 66.53 (0.35)

+ 1% Pruv 14.478 (0.369) 4.07 (0.073) 2.057 (0.019) 6.13 (0.08) 66.43 (0.34)
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