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▪ This study demonstrated that binder effectiveness was explained by binder
attributes.

▪ Optimal binder selection should therefore focus on critical binder attributes
influencing the granulation process.

▪ Higher binder effectiveness of PVA 4-88 and starch octenyl succinate correlated
with good wetting properties of the powder bed.

(1) Dhenge RM. Twin screw wet granulation: Effects of properties of granulation liquid. Powder
Technol. 229, 126–36 (2012).
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5. Conclusion

4. Results 

Figure 2. Score scatter plot of PC 1 and PC 2 (top) and the PC 1 and PC 2 score scatter plot (bottom). 
The arrow on the score plot indicates a flux towards the most optimal binder region. 

The binders clustered based on binder effectiveness are encircled.

▪ Examining the correlation between binder effectiveness and binder attributes,
facilitating formulation design for twin screw granulation (TSG).

▪ Evaluating the effect of different binder types on granule properties.

1. Introduction

2. Objectives

▪ As a switch to continuous twin screw granulation is quickly gaining momentum, the
suitability of binders needs to be evaluated towards this novel granulation process.

▪ Binder suitability depends on binder effectiveness, which is affected by binder
attributes. These critical attributes need to be identified to allow a systematic binder
selection.

ConsiGma™-25 system (GEA Pharma Systems)  

3. Materials & Methods

▪ Formulation
Poorly soluble filler: anhydrous dicalcium phosphate (DCP)
Binders: maltodextrin 2/6/DSH, starch octenyl succinate, hydroxypropyl (HP) pea
starch, PVP K12/K30/K90, HPMC E5/E15, and PVA 4-88

▪ Addition method and binder concentration

▪ Granules were tray dried at 30 °C, until a loss-on-drying value between
1 and 3% was reached.

▪ Methods for binder characterization
i. Particle size distribution
ii. Specific surface area
iii. Water binding capacity (WBC)
iv. Dissolution kinetics
v. Wettability
vi. Surface tension
vii. Viscosity
→ Wet binder addition dataset: only wettability – surface tension – viscosity

▪ Granule characterization: friability

Dry binder addition dataset
(11 observations, 16 variables)

PCA

Addition method
Binder concentration
(based on dry mass)

Wet As an aqueous dispersion 1.44, 3 and 5% 

Dry
As dry powder in a preblend

with DCP
5%
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▪ Strongly influenced by the L/S-ratio: a higher L/S-ratio yielded less friable granules.

▪ Granule friability ≤ 30%: threshold to define the granule quality and used to distinguish in binder effectiveness.
→ Different binders required different L/S-ratios: PVA 4-88 – starch octenyl succinate (0.1175 – 0.1300), PVP K90/K30 – HPMC
E5/E15 – HP pea starch (0.1550 – 0.1800), and maltodextrin 2/6/DSH – PVP K12 (0.2050 – 0.2175).

Figure 1. Granule friability in function of binder type and L/S-ratio. The dotted line represents a granule friability of 30%.

Loading scatter plot
▪ PC1: dissolution kinetics (DissRate), viscosity

parameters (Viscosity Slope and Dynamic
Viscosity), binder wetting (CAbinder_t0), WBC

▪ PC2: wettability properties (CAPFTE, CADCP),
surface tension (ST), particle size distribution
(Dv)

Score scatter plot
▪ Three binder clusters:

(i) PVA 4-88 – starch octenyl succinate
(ii) PVP K90 – HPMC E5/E15
(iii) PVP K12 – maltodextrin 2/6/DSH

▪ Binder clustering was caused by similar binder
effectiveness

→ Binder effectiveness could therefore be
explained by binder attributes:

(i) PVA – starch octenyl succinate:
Fast binder activation, good wetting and
spreading properties on DCP.

(ii) PVP K90 – HPMC E5/E15:
Increased stickiness of the binder surface
changed the consistency of the powder bed,
resulting in a higher cohesiveness. According to
Dhenge et al., highly viscous binders prolonged
the residence time in the granulator. The longer
mixing time allowed the binder to form more
liquid bridges with the powder particles.(1)

(iii) PVP K12 – maltodextrin 2/6/DSH:
Opposite values for material properties
compared to PVP K90 – HPMC E5/E15.

Granule friability
▪ High granule friability was observed for all binders at 1.44% binder concentration. Use of a higher binder content (5%) resulted in

lower granule friability.

▪ Starch octenyl succinate (5%) and PVA 4-88 (1.44%) yielded low granule friability at low L/S-ratios.

Binder characterization
▪ Granule friability and dispersion viscosity

were inversely correlated at 1.44% binder
concentration. (Figure 3)

▪ Activity at lower L/S-ratios of starch
octenyl succinate and PVA 4-88 could be
attributed to the low contact angle of the
binder dispersion measured on DCP.
(Figure 4)

▪ No linear correlation was found between
the surface tension and granule friability.
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Figure 3 (left). Granule friability in function of the viscosity (8% w/w) of binders.
Figure 4 (right). The contact angle measured on DCP for each binder. 

Table 1. Addition method and concentration of the binders depending on the addition methods.


