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In this work, a ﬂuidized bed agglomeration process was used to produce agglomerated lactose with good compressibility. In the
ﬂuidized bed agglomeration, large lactose crystals were used as the core materials, ﬁne-milled lactose particles were bound to the
surface of large lactose cores, and lactose solution was used as the binder. A suspension of lactose solution is sprayed onto the
ﬂuidized lactose particles, forming liquid bridges among the large and small lactose particles to form agglomerated lactose. Good
hardness of 75-88 N was achieved for the agglomerated lactose. The particle size and bulk density can be controlled. The eﬀects
of agglomeration parameters, including solution concentration and temperature, atomizing pressure, peristalsis speed, and
material temperature, were investigated for the agglomeration result and the characteristics of the agglomerated lactose. The
result also shows that high solution temperature and high solution concentration can improve ﬂuidized bed agglomeration
eﬃciency.

1. Introduction
Excipients are inactive substances formulated with the active
pharmaceutical ingredient (API) of a medication. Many
excipients, like lactose, starch, and microcrystalline cellulose,
contribute to the property, stability, safety, and many other
aspects of drug manufacturing and have been widely used
in the pharmaceutical industry [1]. Diﬀerent kinds of excipients are frequently used together to achieve multiple properties for a medication; meanwhile, the ones that can improve
the quality of pharmaceutical preparations or the production
eﬃciency have attracted more and more attention [1, 2]. For
instance, there have been several types of lactose excipient [3,
4], which have typical values of ﬂuidity, viscosity, compressibility, particle size and particle size distribution, enteric disintegration performance, and so on. These values have great
inﬂuence on the physical and chemical properties of pharmaceutical preparations, such as disintegration and dissolution
and bioequivalence in vivo and in vitro. In practice, solid dosage forms require diﬀerent types of excipients to be added to

the API in order to obtain the desired physicochemical properties, such as ﬂowability, compressibility, disintegration, solubility, and stability [4–8], for the medication. The excipients
are mixed and granulated with the APIs using diﬀerent
equipment to ensure their mixing uniformity. The typical
mixing and granulation techniques in the pharmaceutical
industry include direct mixing, dry and wet granulation,
spray drying, and freeze drying [9].
Agglomeration is the technique that binds small particles
to create large aggregates. It is also presented as granulation
in a macro sense, where pharmaceutical ingredients are frequently granulated with some excipients to create visible
round particles for production of tablets and capsules [5, 6].
Through agglomeration/granulation technology, the APIs
and excipients can be evenly mixed with a suitable particle
size distribution and provide good material uniformity,
ﬂuidity, and compressibility for the subsequent preparation
process, such as the tableting process [7]. A good agglomeration/granulation also contributes to the stability in transportation and storage, provides desired disintegration and
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dissolution, and ensures that the drug has the expected dissolution curve and AUC (area under the curve) in vivo, ensuring good absorption of the drug for a better therapeutic eﬀect.
At present, typical agglomeration/granulation includes
the formation of solid bridges, adhesion, sintering, chemical
reaction, crystallization, and colloidal particle deposition [8,
9], among which dry granulation and wet granulation are
the two main methods in practice [2, 10]. The dry granulation methods generally bind the ﬁne particles by compression force, for those materials with good compressibility,
namely, high molecular interactions. The wet granulation
methods use a solvent (i.e., water), solution, or suspension
as the binder to provide bridging forces required for the ﬁne
powders to form large particles. In this work, a ﬂuidized bed
agglomeration process was used to produce the agglomerated
lactose. A suspension of lactose solution is sprayed onto the
ﬂuidized lactose particles, forming liquid bridges among the
large and small lactose particles to form agglomerated lactose. The eﬀects of agglomeration parameters, including
solution concentration and temperature, atomizing pressure,
peristalsis speed, and material temperature, were investigated
for the agglomeration.

2. Materials and Methods
2.1. Preparation of Lactose Suspension. The pharmaceuticalgrade α-lactose monohydrate (>99.9%) was purchased from
Jiangsu Dawning Pharmaceutical Co., Ltd., China. Four
groups of lactose solution were prepared with lactose concentrations of 5%, 15%, 25%, and 40% (w/w) using the α-lactose
monohydrate. The lactose solutions were added with 10%
(w/w) ﬁne-milled lactose of 300 mesh (Jiangsu Dawning
Pharmaceutical) for eﬃcient granulation [11] to obtain
lactose suspension samples as the agglomeration binder.
Adding lactose into the solution to prepare suspension is to
increase wet particles in the ﬂuidized bed, increasing eﬀective
collision between particles, accelerating particle adhesion,
and increasing agglomeration rate.
2.2. Agglomeration. The schematic diagram of the ﬂuidized
bed granulator and the agglomeration parameters is shown
in Figure 1. In a typical agglomeration, 120 g milled lactose
of 120 mesh and 100 g ﬁne-milled lactose of 300 mesh were
mixed and added into a ﬂuidized bed granulator (Shenzhen
Xinyite Technology Co., Ltd, China). The ﬂuidized bed granulator was preheated for 30 minutes. 150 mL lactose suspension was gradually sprayed onto the ﬂuidized lactose mixture
in the granulator at a controlled spraying speed. 5 min of the
subdry process was performed to ensure a stable temperature
of the materials in the ﬂuidized bed. An additional volume of
150 mL of lactose suspension was sprayed subsequently in
order to investigate the eﬀect of the binder. The agglomeration stopped after 600 mL lactose suspension was sprayed
in total. The concentration, temperature, peristaltic speed,
and atomizing pressure were investigated for the lactose
agglomeration.
2.3. Product Characteristics. The calculation of the D50 value
is generally used as a representative parameter of the particle
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Figure 1: Schematic diagram of the ﬂuidized bed granulator and the
agglomeration parameters.

size in a ﬂuidized bed granulation process. The particle size
distribution (D50 values) was determined by a laser scattering
particle size distribution analyzer LA-960 (Horiba, Japan).
The agglomeration rate constant (K) is deﬁned as a function
of D50 , calculated by linear regression, using the following
equation:
D50,t = K · t + D50,t=0 ,

ð1Þ

where D50,t is the average particle size of the particles at time
t, D50,t=0 is the average particle size of the raw material
before agglomeration, and t is the agglomeration time.
The bulk density was determined for the agglomerated
lactose samples. The samples were gently and uniformly
ﬁlled into the cylinder to 50 cm2. The weight of the ﬁlled
powder was measured. The bulk density ρ was determined
with ρ = M/V (mass over volume). The tablet hardness was
measured to evaluate the compressibility of the agglomerated
lactose. Typically, 0.25 g agglomerated lactose was compressed with a diameter of 8 mm on a single-punch tablet
press under a compression pressure of 10 MPa. The tablet
hardness was measured in a hardness tester (Tianjin Jingtuo,
China) three times to obtain the average value.
DSC analysis was performed using a diﬀerential scanning
calorimeter (HSC-4 DSC, Henven, China) for the agglomerated lactose. The sample for DSC measurement was prepared
following standard procedures using a sealed aluminum pan.
About 5 mg of sample was used in the analysis. The sample
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Table 1: The particle characteristics of the agglomerated lactose
fabricated with diﬀerent lactose concentrations and sprayed
volume of lactose suspension.
Sprayed
volume
(mL)

Bulk
D50
K
density
(μm) (μm/min)
(g/mL)

150
300
450
600

60.00
66.91
78.43
87.56

15%

150
300
450
600

64.11
69.83
84.22
92.55

25%

150
300
450
600

72.32
107.59
130.89
169.28

40%

150
300
450
600

79.21
118.32
140.76
179.44

0.4708
0.4948
0.5032
0.5229

75.21
76.55
78.22
78.76

0.70

0.4823
0.5022
0.5243
0.5492

76.23
77.22
78.43
80.21

1.98

0.4874
0.5121
0.5317
0.5618

78.34
80.54
81.28
83.45

2.16

0.4924
0.5282
0.5508
0.6022

85.21
87.31
87.92
88.34

0.62

180
160
Particle diameter (𝜇Μ)

0.57

140

0.54
0.51
0.48
0.45
0
5%
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Granulation volume (mL)
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25%
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Figure 3: The change in bulk density of agglomerated lactose as
functions of lactose concentration and spraying volume of the
lactose suspension.
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Figure 2: The change in particle size D50 as functions of lactose
concentration and spraying volume of the lactose suspension.

was heated from room temperature of 25°C to 300°C using a
ramp rate of 5°C/min, with N2 as the purge gas. Heat ﬂow as a
function of increasing temperature was recorded for the analysis of each sample. Fourier transform infrared (FTIR) spectroscopy was used to investigate the agglomerated lactose
and the raw material (α-lactose monohydrate). The specimen
was mixed with KBr powder, tableted, and scanned for transmission sensitivity in a Nicolet 6700 FTIR spectrometer
(Thermo Fisher Scientiﬁc). The FTIR spectra used a resolution of 1 cm-1 with 64 scans. The agglomerated lactose sample manufactured with the 40% lactose suspension was

5%
15%

25%
35%

Figure 4: The change in tablet hardness as functions of lactose
concentration and spraying volume of the lactose suspension.

placed on carbon tape on an aluminum sample spike. The
gold-plated particles were observed by a JSM-7200F scanning
electron microscope (SEM, JEOL Ltd.). XRD analysis was
used to investigate the crystalline characteristics of the
agglomerated lactose. Solid samples were loaded on powder
holders and analyzed using a Siemens D5000 diﬀractometer.
During the XRD detection, the samples were scanned from 5°
to 40° with a scanning rate of 0.02°/s, a scanning current of
30 mA, and a scanning voltage of 40 kV.

3. Results and Discussion
Due to its relatively mild process and stable raw material
properties, the loss of material weight for the production is
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Figure 5: SEM images of the agglomerated lactose manufactured with the 40% lactose suspension showing ﬁne-milled lactose on the particle
surface. Scale bars: 10 μm (a), 1 μm (b).
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less than 5%. The yield of the agglomeration process is over
95%, where some loss was induced by the air blowing in the
ﬂuidized bed equipment. Table 1 shows the measured particle size D50 , agglomeration rate constant K, bulk density,
and tablet hardness. The result suggests that the particle size
of agglomerated lactose largely increases with the lactose
concentration (w/w) and the sprayed volume of binder solution (Figure 2), as more lactose has been added to the
agglomeration system. High lactose weight concentration
(w/w) and the sprayed volume of binder solution also contribute to the viscosity and binding eﬃciency for a high
agglomeration rate constant. The bulk density and tablet
hardness increase with the lactose concentration and the
sprayed volume, since the ratio of large lactose of 300 mesh
(which has relatively lower bulk density and compressibility)
decreases.
In the agglomeration process, wet particles form liquid
bridges when they coalesce. In the subsequent drying step,
the solid bridges that hold the particles together form large
particles from the liquid bridges. When the solution has a lactose concentration of 25%, the agglomeration rate constant K
is relatively high compared to other binders. As reported by
Fujiwara et al. [12], 10% PVP solution has a K value of
2.17, 10% HPMC has a K value of 1.16, and 8% HPC solution
has a K value of 1.71. With the lactose solution and suspension as the binder, the bulk density and compressibility of
lactose powder increase as functions of the agglomeration
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Figure 6: DSC spectrum of the agglomerated lactose.

parameters. As shown in Figure 3, when the particle size of
lactose increases with the granulation time, its bulk density
will gradually increase with the increase of the particles. For
the same reason, high lactose concentration also increases
the agglomeration rate.
Generally, small particles show poor ﬂowability but good
compressibility [13]. The result, however, shows that both
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lactose, aﬀecting the binding and formation of solid bridges
among the ﬁne lactose particles.
The DSC curve (Figure 6) shows that the agglomerated lactose is lactose monohydrate, where the dehydration peak is
shown at 145°C. β-Lactose peak is shown alongside α-lactose
peak, indicating that the process transfers α-lactose to β-lactose [15, 16]. According to the XRD spectrum (Figure 7), αlactose peaks are observed at 2θ of 12.5°, 19.1°, 19.6°, and
19.9°. β-Lactose peaks are at 2θ of 10.5° and 20.8°, indicating
that a small amount of β-lactose was produced [17, 18]. The
FTIR spectra conﬁrmed that the materials are lactose monohydrate [19] with a peak of -OH of water at 3600 cm-1 (Figure 8).
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Figure 7: XRD spectrum of the agglomerated lactose.
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4. Conclusions
This work used a ﬂuidized bed agglomeration process to produce the agglomerated lactose with good compressibility. In
the ﬂuidized bed agglomeration, large lactose crystals were
used as the core materials, ﬁne-milled lactose particles were
bound to the surface of large lactose cores, and lactose solution was used as the binder. The ﬁne-milled lactose of 300
mesh contributed to the compressibility of the agglomerated
lactose. Good harness of the tablets around 75-88 N was
achieved when 0.25 g agglomerated lactose was compressed
with a diameter of 8 mm on a single-punch tablet press under
a compression pressure of 10 MPa. The particle size and bulk
density can be controlled. Instrumental analysis indicated the
production of β-lactose.

Data Availability
3000
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1000
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Granulation lactose

Figure 8: FTIR spectra of the agglomerated lactose and lactose
monohydrate (raw material).

the tablet hardness and the particle size of the agglomerated
lactose increase at the same time (Figure 4) for the following
possible reason. At a spray pressure of 20 MPa, atomized
droplets were smaller than the size of lactose particles, where
the agglomerated lactose particles were loose and were composed of ﬁne-milled lactose linked through solid bridges
formed after drying. The aggregation of ﬁne particles was
conﬁrmed by SEM (Figure 5). The SEM shows that the surface of particles is porous and the structure is ﬂuﬀy. When
the particle size increases, more ﬁne particles are aggregated
resulting in increases in the compressibility (due to the number of ﬁne particles) and the ﬂowability (due to the size of the
aggregates). The particles would have good ﬂowability and
good compressibility when the size is over 140 μm [14].
Besides, the temperature of the solution, the temperature of
the material in the ﬂuidized bed chamber and the spraying
speed of lactose suspension play important roles in the
agglomeration process, improving the granulation speed
and eﬃciency. High temperatures and low spraying speeds
of lactose suspension induce fast drying rates of the ﬂuidized

All data used to support the ﬁndings of this study are
included within the article.
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