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HIGHLIGHTS

e A systematic study of 14 customized
guiders on powder distribution in roller
compaction was conducted using PAT.

e Crystalline and spray-dried lactose with
varying flowability were utilized.

o Powder with low flowability shows non-
uniform distribution during compaction.

o Customized guiders improved tempera-
ture distribution, uniformity, and
reduced fines in low-flowability lactose
powder.
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ABSTRACT

Roller compaction is a widely used continuous dry granulation process in the food and pharmaceutical industries.
The flow and distribution of the powder across the rollers in the compaction area plays a crucial role in
determining the quality of the final product. Non-uniform powder flow and distribution across the rollers can
lead to variations in quality across the ribbon, resulting in uneven qualities in the granules. Hence, it is essential
to enhance the powder flow and distribution across the rollers in the compaction area. Besides that, insufficient
compaction stress on both sides of the roller edges can also contribute to presence of uncompacted fines during
compaction process.

This research aims to systematically study a whole range of customized guiders design (T-1 until T-14) that
improves powder flow and distribution across the rollers and reduces the percentage of fines in the compaction
zone. The 3D printed customized guiders with different grade (1 mm until 14 mm) were applied in roller
compactor with horizontal feeding system to control the amount of powder passing through the roller width by
guiding more powder to the sides between the rollers and less powder to the centre. The effectiveness of the
design was validated by examining crystalline and spray dry lactose powders with varying flowabilities using
online thermal imaging. The results demonstrate a significant trend, indicating improved uniformity of powder
flow and distribution across the rollers and reduced production of fines. These findings have the potential to
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contribute to long-term sustainability and resource conservation in industrial applications by reducing the need
for material recycling and lowering energy consumption in continuous processes.

1. Introduction

Agglomeration is a size-enlargement technique commonly employed
in industries such as food and pharmaceuticals to improve the flow-
ability and uniformity of final product by bonding them together into
larger entities. The strength of these agglomerates is crucial for effective
transportation to end consumers. Roller compaction is one of the most
widely used dry agglomeration processes, which eliminates the need for
a separate drying stage and reducing energy consumption. In this pro-
cess, particles are bonded together through compaction forces without
the addition of liquid. Roller compaction is also a continuous process
that enhances overall process efficiency and easy for scalability [1-5].

The roller compaction process consists of three important stages:
feeding, compaction, and crushing. In the horizontal feeding stage,
powder particles undergo rearrangement under low pressure before
entering the compaction stage, where they are compressed between two
counter-rotating rollers, forming ribbons. These ribbons then enter the
crushing stage, where they are milled into granules [6]. The flow and
distribution of the powder across the rollers in the compaction area
significantly affects the quality of the final product [7-11]. The
compaction zone operates in such a way that more powder is fed at the
center than at the sides of the rollers, resulting in a higher density of
ribbons at the center compared to the sides. Non-uniform powder dis-
tribution across the ribbon width affects the uniformity of quality at
different locations across the ribbons, ultimately leading to uneven
qualities in the granules [2,12-14].

Furthermore, unsatisfactory reduction in the amount of fines (un-
compacted powder) leaking under the rollers and side-sealing cheek
plates is an issue faced by the pharmaceutical and food industries
[7-10,15,16]. Various attempts have been made to overcome this lim-
itation of roller compaction, such as collecting the fines in a small bag
and recycling the fines back into the feeding hopper to reduce powder
wastage [17-21]. However, it should be noted that fines recycling is
only feasible when the fines have the same composition as the primary
material. When multiple materials are employed, this recycling method
cannot be applied as it would introduce inhomogeneity in the product
[19]. Previous experimental works show that the type of materials used
and powder flow are possible factors leading to the production of fines in
the dry granulation process [20,22,23,24]. Non-uniform powder distri-
bution across the ribbon width, with more powder concentrated at the
center than the sides, results in uneven stress distribution across the
rollers, affecting the density and strength of the ribbon sides [5]. Weak
sections of the ribbon sides contribute to the generation of fines during
the compaction process [21]. Reducing the amount of fines produced
would benefit industrial applications in terms of long-term sustainability
by reducing material recycling and energy consumption during contin-
uous processes. Therefore, improving powder flow and distribution
across the rollers in the compaction area is essential to produce better
quality ribbons and granules while minimizing fines production.

This study proposes a sustainable method to enhance powder flow
and distribution across the rollers and reduce the percentage of fines
produced during roller compaction by implementing customized guiders
in the compaction zone. Previous research has explored the impact of
using a shortlist range of three guiders for each material on powder flow.
However, this work presents a systematic study involving a compre-
hensive range of 14 grades of customized guiders, ranging from 1 mm to
14 mm, applied to crystalline and spray-dry lactose powders with
different flowability property. The 3D printed customized guiders were
incorporated into the roller compactor to regulate the amount of powder
passing through the roller width. This was achieved by directing more
powder towards the sides between the rollers and less towards the

center. The primary objective of this research is to conduct a systematic
investigation into the effect of customized guiders with different grades
on the uniformity of powder flow and distribution across the rollers, as
well as the quality of the ribbons produced. The quality of the ribbons
will be evaluated based on temperature distribution profiles across the
ribbon width, the percentage of fines, and the achieved ribbon width
during the roller compaction process.

2. Experimental method
2.1. Primary powder properties

Milled Crystalline Alpha- Lactose Monohydrate (Volac International
Ltd., United Kingdom) with grade of 200 M is a type of lactose with
crystalline structure was referred to as Volactose. Meanwhile, Super Tab
11SD (DFE Pharma, Germany) is a spray dry lactose with partially
amorphous content as obtained from the manufacturer was referred to
as 11SD. In the beginning of the experiment, the particle size distribu-
tion of the primary powders was measured by the Camsizer XT (Retsch
Technology GmbH, Germany) while the flow function coefficient (ffc),
angle of wall friction and angle of internal friction were measured by the
Ring Shear Testers RST-XS (Dietmar Schulze, Germany) at 20% relative
humidity at 20 °C as shown in Table 1. The ffc values of different
powders were measured by using 5000 Pa normal load at pre-shear, and
normal load at the shear of three different level stress to determine the
flowability of the powders. The flow function coefficient (ffc) was used
to evaluate the powder flowability where a higher value indicates higher
flowability [10].

2.2. Preparation of ribbons

Volactose and 11SD powders were subjected to sieving using British
Standard mesh sieve with a maximum size limit of dgg respectively and
stored under a relative humidity of 12% for three days to ensure
reproducible results as it is well known that amorphous powder such as
11SD are very sensitive to moisture and could therefore be affected by
storage conditions [25-28]. The equilibrated powders were then
consolidated into ribbons using a roller compactor, specifically the
Alexanderwerk WP120 Pharma from Germany. This roller compactor
used a horizontal screw feeding system and side cheek plates to prevent
powder leakage during compression. A hydraulic pressure of 30, 60 and
100 bar was applied between knurled surface rollers (‘diamond pattern
surface’) to form the ribbon shown in Table 2 [7,9]. Knurled surface
rollers used during compaction process has the same pattern, material
and design as ‘diamond’ pattern surface plate used in the ring shear
tester for measuring the angle of wall friction. During the ribbon pro-
duction, a feedback system was employed to maintain a constant 3 mm
gap between the rollers by constantly adjusting the feed rate while the
roller speed was kept constant at 3 rpm.

2.3. Temperature distribution profiles across ribbon width

An online thermal imaging system (FLIR A655 sc, United States) was
used to capture thermal images of the ribbon as it exited the rollers [6].
The thermal camera was positioned opposite to the direction of ribbon
exiting from the roller gap in the room temperature of 20 °C [21]. The
distance between the thermal camera and the exiting ribbon was 30 cm
while the height of thermal camera was the same height as where the
ribbon exiting from the roller gap from as shown in Fig. 1. The diameter
of the roller width was 40 mm. Fig. 2 (a) shows the image plan view full
ribbon exiting from roller compactor while Fig. 2 (b) shows the image of
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full ribbon as captured by the thermal camera. The lighter the colour in
the image, the higher the temperature of the ribbon which was shown in
the colour- temperature scale. The high temperature usually indicates
high stress acting on the the ribbon while the low temperature shown
the low stress on the ribbon as shown in Fig. 2 (c) [21].

2.4. Relative temperature uniformity

The relative temperature uniformity (RTU) was defined using Eq. (1)
as shown in Fig. 3.

Relative temperature uniformity = (L/RW) x 100% (@D)]

L is defined as the response length, measured from the point of
maximum temperature to the furthest point on the ribbon where the
temperature is relatively uniform on both sides. A relatively uniform
temperature is considered to be any temperature within the error range
(+ 8Temp) from the maximum ribbon temperature [10,29]; where, RW
was the complete ribbon width when ribbons exit roller gap.

Deviation of temperature (3) was defined as a default maximum
range index for general determination of uniformity range, different
materials need to use individual range ratio to identify their own relative
uniform temperature (ribbon temperature of different materials varied
differently in the process) as shown in Eq. (2). Any measuring temper-
ature + error bar within the deviation range, could be defined as relative
uniform temperature.

6Temp = (Tcentre — Tedge)/Taverage 2)

Tcentre = Temperature of the ribbon at the centre.

Tedge = Temperature of the ribbon at the edge away from the
temperature at the centre.

Taverage = Average temperature of the profile across the ribbon
width.

Fig. 3 also shows that the ribbon width as divided into two sides The
side near to the body of roller compactor (SN) is adjacent to the rear
cheek plate while the side far from the body of roller compactor (SF) is
closed to the front cheek plate.

2.5. Collection of fines

During the roller compaction process, it was ensured that the rollers
were thoroughly cleaned, washed and dried between each replication
and the temperature of machine was measured to be at the room tem-
perature before the start of the experiment. This practice was imple-
mented to prevent any powder residue from sticking to the rollers,
which could potentially compromise the accuracy of the results. In this
study, “fines” referred to the weight of un-compacted powder with
particle size less than the dgg of the primary powder of the material. This
was determined by collecting the amount of ribbon, flakes, and fines
produced under the compaction zone (under the rollers). Collection was
carried out for 1 min after steady state conditions of hydraulic pressure
and roller gap were achieved [17,29]. The fines were then separated
from the ribbons and flakes using British Standard mesh siever. The
percentage of fines produced from compacting Volactose and 11SD
powders was calculated.

2.6. Ribbon width
After production, the ribbons were then stored in 20% relative

Table 1
The primary powder properties.
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Table 2
The process parameters used for roller compactor.

The parameters WP 120 Pharma

Roller pressure (bar) 30, 60 and 100

Roller speed (rpm) 3
Roller gap (mm) 3
Type of guider Customized guider T-1 until T-14

Roller width
(40 mm)

Ribbon
Ribbon coming width

forward

Thermal camera

Fig. 1. Schematic diagram of arrangement of thermal camera with the ribbons
exiting the roller compactor.

humidities before being characterised. The ribbon width from Volactose
and 11SD powders produced using different types of guiders are
measured. The average of 10 replications of ribbons width are taken
randomly from the collection of ribbon, flakes and fines after the state
conditions of hydraulic pressure and roller gap were achieved. The
ribbon width was measured using vernier callipers (Magnusson, United
Kingdom) with accuracy of +0.2 mm. The ribbons collected were made
sure to be full width ribbon without any breakage at the sides to avoid
inaccuracy of the results.

2.7. Design of customized guider

This study has improved the range of maximum tip of customized

Materials Particle size, d;o (pm) Particle size, dso (pm) Particle size, dgo (pm) Flow function coefficient Angle wall friction (°) Angle internal friction (°)
(ffc)

Volactose 11.6 +1.73 75.6 + 1.57 183.3 + 1.42 2.8 +£0.08 34.5 + 0.50 45.8 + 0.45

Super Tab 11SD 41.1 £1.06 104.2 +£1.85 202.0 £1.23 20.4 £1.97 24.9 £0.35 33.3+£0.30
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guiders applied which located at the feeding zone between the feeding
screw and rollers in the roller compactor as shown in Fig. 4 (front view).
The black arrow indicates the direction of unidirectional rotation for the
screw feeder, which moves towards the body of the roller compactor and
drive the powder to the rollers. The side near to the body of roller
compactor is adjacent to the rear cheek plate while the side far from the
body of roller compactor is closed to the front cheek plate. The thermal
images captured the full width of the ribbon exited from the rollers
including the ribbon side near to the body of the roller compactor and
ribbon side away from the roller compactor. The guiders (side view)
located between the screw feeder and the rollers. These customized
guiders were designed with convex surface designs and slope plane at
maximum tip grades from 1 mm to 14 mm. The convex surface design
aimed to redirect the powder from the centre to the side between the
rollers. Fig. 5 showed the examples of customized guiders with a
maximum tip grade of 5 mm (T - 5) from bottom, top and side views.
Each grade means 1 mm difference for the tip height of customized
guiders. The customized guiders are produced using a 3D printer -
Ultimaker 3 (Ultimaker, Netherlands) with PLA filament (polylactic
acid). A systematic study of 14 guiders as shown in Fig. 6 (top view) was
carried out to investigate the effect of customized guiders with different
grades on powder flow and distribution across the rollers and the per-
centage of fines.

3. Results and discussions

The quality of the final product is significantly influenced by the flow
and distribution of powder across the rollers within the compaction
area. In this zone, the roller compactor operates in such a way that
resulted a greater flow of powder at the centre compared to the sides of
the rollers, resulting in stronger ribbons at the centre. The difference in
strength between the centre and the sides of the ribbon can be observed
using dotted lines in Fig. 7 where the two side of the ribbon which are
the weaker sides break easily right after the roller compaction process
compared to the centre part of the ribbon. The uneven distribution of
powder across the ribbon width significantly impacts the consistency of
quality at various locations along the ribbons, ultimately causing vari-
ations in granule quality. Moreover, the weaker side of the ribbon with
lower density contributes to an increased production of fines, along with
fines leaking underneath the rollers, as depicted in Fig. 8.

A systematic investigation into the effect of customized guiders with
different grades on the uniformity of powder flow and distribution
across the rollers and the quality of the ribbons produced is evaluated
based on temperature distribution profiles across the ribbon width,
percentage of fines, and ribbon width achieved through the roller

(a) (b)

Powder Technology 446 (2024) 120158

Side far from body Side near to body

(SF) Tcenter (SN)
32
30
%)
< 2
o 28
E L. Rt
s L Relative
& 26 temperature
& uniformity

24 Y

RW

22
0 10 20 30 40
Ribbon width (mm)

Fig. 3. Method to calculate the relative temperature uniformity.

compaction process. The analysis is carried out on Volactose and 11SD
powders with different flow property at different pressure.

3.1. Temperature distribution profiles across the ribbon width using 14
customized guiders

The results in Fig. 9, Fig. 10 and Fig. 11 show the temperature dis-
tribution profiles across the ribbon width using T-1 until T-14 custom-
ized guiders for Volactose while the results in Fig. 12, Fig. 13 and Fig. 14
show the temperature distribution profiles across the ribbon width using
T-1 until T-14 customized guiders for 11SD at 30 bar, 60 bar and 100 bar
respectively. The range of temperature was shown using a colour tem-
perature scale where the lowest temperature shows purple colour while
the highest temperature shows dark red colour. The high temperature
usually indicates high stress and more powder flow as the friction be-
tween the powder particles generates heat energy [7-10,17]. The
analysis for the 14 guiders in this section will be analysed using colour
scale.

Based on Fig. 9, the temperature distribution profile of Volactose
ribbons produced using the T-1 and T-14 customized guider at 30 bar
revealed higher temperatures at the center (green and blue) than at the
sides (purple). Besides that, the application of T-1 and T-2 also shows a
higher temperature at the centre compared to the other customized
guiders. This trend can be observed when using T-3 to T-14 where a
decrease of temperature at the centre can be seen with the changes of
colour from green to blue compared to T-1 and T-2 which may indicates

)

“
W
'

e

Temperaure (*(
W
S

0 10 20 30 40
Ribbon width (mm)

(c)

Fig. 2. (a) Plan view of ribbons exiting from the roller compactor with blue line indicates full ribbon width, (b) Image of ribbon as recorded by thermal camera with
blue line indicates full ribbon width and (c) analysis of strong and weak parts of the ribbon as indicated by the temperature distribution profile measured by thermal
camera with blue line indicates full ribbon width. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)
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Body of roller compactor

Fig. 4. Front view of feeding screw and rollers. The black arrow indicates the direction of rotation for the screw feeder. The guiders are in side view position located

between the screw feeder and the rollers.

Bottom view Top view Side view

N

»
5mm

e

40 mm

Fig. 5. Example of the customized guider maximum tip grade of 5 mm for T-5
from bottom, top and side views.

Fig. 6. Customized guiders T-1 until T-14 from top view.

improvement in the uniformity of powders across the ribbon width.
The finding in Fig. 10 for Volactose at 60 bar revealed a high tem-
perature at the center (orange and green) for T-1 to T-14 than at the sides
(blue), indicating non-uniform powder distribution across the ribbon
width. However, an interesting trend was observed when comparing the
temperature at the centre between the 14 customized guiders. Between
T-5 to T-13, there was a gradual decrease of temperature at the centre

| Strong

| .
ribbon Weak ribbon

Weak ribbon

Fig. 7. The middle part of the ribbon is stronger than the two sides of the
ribbon as indicated by breakage at the sides.

indicated from the changes of colour from orange to light green. The
gradual decrease of temperature at the centre indicates shows
improvement in the uniformity of powders across the ribbon width.
However, there is a slight increase in temperature at the centre for T-14
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Leakages under the
rollers

Fig. 8. Leakages of fines under the rollers.

Temperature scale (°C)
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T T
15 20 25 30
Ribbon width (mm)

Fig. 9. Temperature distribution profile across the roller width for Volactose
powder using customized guider T-1 until T-14 at 30 bar.

to 34.0 °C (orange), indicating a non-uniform distribution of powder
across the ribbon width.

Similarly, the result in Fig. 11 for Volactose at 100 bar shows a higher
temperature at the centre (red) compared to the sides (blue) for all 14
customized guiders. In addition, a high temperature (dark red) was
observed at the center when using T-1 to T-6 compared to other
customized guiders. This observation indicates a non-uniform distribu-
tion of powder across the ribbon, which attributed to the insufficient
dimension grade of these customized guiders to effectively redirect the
powder from the center to the sides. A changed of colour at the centre
from dark red to light red can be seen with application of T-4 to T-14
showing a decrease of temperature at the centre. This shows that there is
an improvement in the temperature distribution profile with application
of T-4 to T-14. In addition, In addition, the maximum temperatures at
the center for Volactose are higher compared to those at 30 bar and 60
bar, primarily due to the higher compression pressure of 100 bar, which
generates more heat energy [21]. The high pressure, coupled with the
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Temperature scale (°C
pgr (§®)

60 bar =N

%) 10 15 20 25 30
Ribbon width (mm)

Fig. 10. Temperature distribution profile across the roller width for Volactose
powder using customized guider T-1 until T-14 at 60 bar.

Temperature scale (°C)

PF 100 bar SN

T T T T
10 15 20 25
Ribbon width (mm)

Fig. 11. Temperature distribution profile across the roller width for Volactose
powder using customized guider T-1 until T-14 at 100 bar.

longer dimensions of the guiders from T-11 to T-14, could be the reason
for the temperature distribution profiles to be higher than those
observed from T-8 to T-10.

Based on the results from Fig. 12 for 11SD at 30 bar, the temperature
distribution profile of ribbons from 11SD shows a higher temperature
(blue) at the centre than at the sides (purple) for customized guiders
between T-1 to T-10. However, from T-11 to T-14, the colour at the
centre changed to purple showing a decrease in the temperature dis-
tribution profile compared to T-1 until T-10. Besides that, T-11 to T-14
also show a lower temperature at the centre than at the sides which
could be due to overdirecting of powder at longer dimension of guiders.

The result displayed in Fig. 13 for 11SD at 60 bar indicate a higher
temperature at the centre (green and blue) compared to the sides
(purple) with application of T-1 until T-12. In contrast, the usage of T-13
to T-14 show a lower temperature at the centre (dark purple) than at the
sides (green) showing non-uniform distribution of powder across the
ribbon width. In addition, T-1 to T-3 produced a high temperature range
at the center (green). The high temperature range can be attributed to
non-uniform powder distribution across the ribbon width due to insuf-
ficient redirection of powder from the center to the sides Additionally,
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Fig. 12. Temperature distribution profile across the roller width for 11SD
powder using customized guider T-1 until T-14 at 30 bar.
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Fig. 13. Temperature distribution profile across the roller width for 11SD
powder using customized guider T-1 until T-14 at 60 bar.

the results reveal that the application of T-4 to T-14 show a gradual
changed of colour at the centre from blue to purple. The changes of
colour at the centre indicates a decrease in temperature distribution
profile at the centre compared to T-1 until T-3.

A completely different trend in powder distribution emerged when
applying T-1 to T-14 customized guiders on 11SD at 100 bar as shown in
Fig. 14. A high temperature distribution profile at the centre (red) was
observed at T-1 until T-7 compared to the sides (orange). Furthermore,
the colour of maximum temperatures at the centre for 11SD powder at
100 bar was red, showing a higher temperature compared to 11SD
powders at 60 bar which is green. This is because 100 bar provides a
higher compaction pressure than 60 bar causing more friction of parti-
cles to generate more heat energy. Powder temperatures distribution
profile for 11SD at 100 bar started to exhibit higher values on one side
only compared to the other sides between T-2 and T-7 for customized
guiders which could probably resulted from the unidirectional rotation
of the screw feeder pushing more powders to one side than the other as
reported by other studies [7,30]. Between T-8 and T-14, the powders
were excessively redirected to the sides of the cheek plates at 100 bar,
resulting in friction between the powder particles and the side cheek
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Fig. 14. Temperature distribution profile across the roller width for 11SD
powder using customized guider T-1 until T-14 at 100 bar.

plates, and changing the colour at the centre from red to orange. The
change of colour at the centre shows a drop of temperature distribution
profile at the centre creating non-uniform distribution of powder across
the ribbon width.

3.2. Temperature distribution profiles across the ribbon width using
selected customized guiders

The results in Fig. 15, Fig. 16, and Fig. 17 show the temperature
distribution profiles across the ribbon width using selected customized
guiders for Volactose while Fig. 18, Fig. 19, and Fig. 21 display the
temperature distribution profiles across the ribbon width using selected
customized guiders for 11SD at 30 bar, 60 bar, and 100 bar, respectively.
The guiders were selected from a set of 14 customized options based on
the one that produced the most significant changes in the temperature
distribution profiles across the roller width. The temperature range is
represented using a colour temperature scale, where the lowest tem-
perature is indicated by a purple colour and the highest temperature is
represented by a dark red colour. Different range of y-axis scale was
drawn to capture and analyse the difference in shape, colour and

Temperature scale (°C)

44
22 31 SF =
‘3“8’ -1
16 30
34
32 90
30 g
28 )
b=}
26 8284
24 2
£
o
=274

25 T T T T T T T 1
0 S 10 15 20 25 30 35 40

Ribbon width (mm)

Fig. 15. The temperature distribution profile across the roller width for Vola-
ctose powder using selected customized guider at T-1, T-3, T-10 and T-14 at
30 bar.
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Fig. 16. The temperature distribution profile across the roller width for Vola-

ctose powder using selected customized guider at T-1, T-4, T-10 and T-14 at
60 bar.
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Fig. 18. The temperature distribution profile across the roller width for 11SD
powder using selected customized guider at T-1, T-5, T-10 and T14 at 30 bar.
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Fig. 17. The temperature distribution profile across the roller width for Vola-
ctose powder using selected customized guider at T-1, T-4, T-8 and T-14 at
100 bar.

temperature of the profile across the ribbon width between the selected
customized guiders.

The result in Fig. 15 reveals a significant shift in the temperature
distribution profile for Volactose at 30 bar when comparing selected
customized guiders, namely T-1, T-3, T-10, and T-14. Applying T-1 re-
sults in a bell-shaped curve at the centre around 30 °C (dark green). In
addition, the temperatures at the far side from the body of roller
compactor was observed at 26 °C (dark blue), while those closer to the
body reach 27 °C (darks blue), indicating non-uniform powder distri-
bution across the ribbon width. The rise in temperature at the center
could be due to the crystalline powders breaking or deforming, creating
friction between particles, generating heat energy, and increasing stress
at the center. The results for T-3 to T-10 show that the curve at the center
gradually flattens, with temperatures dropping to a low of 28 °C (light
blue) while both sides stabilize at 25.5 °C (purple) for T-10. The widest
flat range in temperature distribution appears in T-14, suggesting the
most significant improvement in powder distribution uniformity across
the ribbon width compared to other customized guiders. Furthermore,

31+ T T T
0 S 10 15 20 25 30 35 40

T T T T 1
Ribbon width (mm)

Fig. 19. The temperature distribution profile across the roller width for 11SD
powder using selected customized guider at T-1, T-4, T-7 and T-14 at 60 bar.

temperatures near the body of roller compactor are notably higher than
those further away, particularly noticeable in T-1 and T-3. This differ-
ence likely arises from the unidirectional rotation of the screw feeder
towards the body of roller compactor, increasing friction and heat
generation between powder particles and the side cheek plates closer to
the body. In contrast, both T-10 and T-14 display similar ribbon tem-
peratures on both sides of the body of the roller compactor. These
findings imply that customized guiders with dimensions of 14 mm
enhance powder distribution across the ribbon width compared to those
with dimensions of 1 mm to 3 mm.

The result in Fig. 16 presents a notable shift in the shape of the
temperature distribution profile for Volactose at 60 bar, focusing on the
usage of selected customized guiders: T-1, T-4, T-10, and T-14. Initially,
T-1 exhibits a bell-shaped curve at the centre around 34 °C (orange),
while temperatures on the far side from the roller compactor reach 26 °C
(dark blue), and those nearer register at 29 °C (light blue). This differ-
ence may be resulted from the unidirectional rotation screw feeder to-
wards the body of roller compactor, inducing friction and heat
generation between powder particles and the cheek plates near to the
equipment’s body, compared to the farther side. Subsequently, with the
increasing grade of the customized guider, the curve at the center be-
comes more flattens, particularly evident with T-10, where the
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temperature decreases to 32 °C (light green) at the center and stabilizes
at around 26 °C (dark blue) on both sides. T-10 displays the widest flat
range in the temperature distribution profile, indicating improved uni-
formity in powder distribution across the ribbon width compared to
other customized guiders. In contrast, the application of T-14 raises the
center temperature to 34.0 °C (orange), indicating a non-uniform dis-
tribution of powder across the ribbon width. The changes observed
between T-1 and T-14 in both shape and temperature distribution profile
at the center can be attributed to the increased grade of the customized
guider, facilitating powder movement from the center towards the sides.
This movement enhances friction and heat energy generation between
powder particles and the side cheek plates.

An obvious change in the shape of the temperature distribution
profile was observed in Fig. 17 for Volactose at 100 bar when comparing
the selected customized guiders of T-1, T-4, T-8, and T-14. Initially, both
T-1 and T-4 exhibited a bell-shaped curve at the center with tempera-
tures around 42 °C (dark red). However, with the application of T-8,
there was an improvement in the flat range of the curve at the center,
resulting in a decrease in temperature from 42 °C to 38 °C (medium red).
This indicates that T-8, with a maximum tip grade of 8 mm, achieved the
most significant improvement in the uniformity of powder distribution
across the ribbon width compared to the other customized guiders at
100 bar. However, when T-14 customized guiders were applied, the
temperature distribution profile began to exhibit non-uniform powder
distribution across the ribbons. This was due to the combined effects of
friction energy from excessive redirection of powder by customized
guiders with a 14 mm tip to the sides of cheek plates, influenced by the
high pressure of 100 bar. It is noteworthy that the temperature on the far
side from the roller compactor reached 28.5 °C (light blue), while the
one nearer to the equipment was approximately 30.5 °C (light green) for
T-1, T-4, T-8, and T-14. These results indicate that even with the
improvement of the temperature distribution profile at the center for T-
8, there is still a difference in temperature at both sides of the ribbon.
This difference can be attributed to the unidirectional rotation of the
screw feeder which drove the powder towards the body of the roller
compactor at high pressure causing friction with rear side cheek plate
resulting in increasing in temperature at the side near the roller
compactor than the opposite side.

A noticeable change in the shape of the temperature distribution
profile was identified in Fig. 18 for 11SD at 30 bar when examining the
impact of the selected customized guiders T-1, T-5, T-10, and T-14. The
application of T-1 shows a bell-shaped curve at the center with a tem-
perature around 36 °C (medium blue), while the temperature on the far
side of the roller compactor is 30 °C (dark purple), and the temperature
near the equipment is observed at 33 °C (light purple). The high tem-
perature at the center may be due to the breakage or deformation of
amorphous powders, creating friction between the powder particles and
generating heat energy. Additionally, the increase in temperature on the
side near the roller compactor compared to the side further from the
body of the equipment is due to the unidirectional rotation of the screw
feeder towards the body of the roller compactor. Subsequently, the
shape of the curve at the center gradually flattened with the application
from T-5 to T-10, with the temperature at the center decreasing to 33 °C
(light purple) for T-10 while at the sides it remains around 30 °C (dark
purple), indicating an improvement in the distribution of powder at the
center and at the sides of the ribbon. The widest flat range in the tem-
perature distribution profile, as seen in T-10, indicates the highest
improvement in the uniformity of powder distribution across the ribbon
width compared to the other customized guiders. However, when T-14
customized guiders were applied, the temperature distribution profile at
the center decreased to 31.5 °C (dark purple) and exhibited non-uniform
powder distribution across the ribbons resulting from the over-direction
of the high-flowability property of 11SD to the sides, creating friction
with the cheek plates.

The shape of the temperature distribution profile in Fig. 19 for 11SD
at 60 bar shows significant changes when comparing the selected
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customized guiders of T-1, T-4, T-7, and T-14. Initially, the application
of T-1 reveals a bell-shaped curve at the center with a temperature
around 42 °C (green), while the temperature on the far side of the roller
compactor is 32 °C (light purple), and the temperature near the equip-
ment is observed at 35 °C (dark blue). Subsequently, the shape of the
curve at the center gradually changes to flat with the application from T-
4 to T-7, with the temperature at the center decreasing to 38 °C (blue),
and the temperatures on the sides remain around 32 °C (light purple) for
both customized guiders. The widest flat range in the temperature dis-
tribution profile seen with the application of T-7 indicates the highest
improvement in the uniformity of powder distribution across the ribbon
width compared to the other customized guiders. However, when T-14
customized guiders were applied, the temperature distribution profile at
the center decreases to 32 °C (light purple). This trend exhibits non-
uniform powder distribution across the ribbons resulting from the
over-direction of 11SD powders with high-flowability property from the
center to the sides. The excessive redirection for T-14 led to friction of
powders with the cheek plates, generating heat energy which increased
the temperature at the sides to be higher than at the center. Moreover,
there is a large difference in temperature at the sides of the ribbon,
where the temperature on the side far from the roller compactor shows
35 °C (dark blue), while the temperature on the side near the equipment
shows 42 °C (dark green). The reason for this difference was due to the
unidirectional rotation of the screw feeder which drove the 11SD pow-
der with high flowability property more to the side near the body of the
roller compactor than the side further from the equipment at high
pressure. The friction of a large amount of powder with the rear side
cheek plates near the body of the roller compactor has created a large
amount of heat energy, significantly increasing the temperature. As for
the side far from the roller compactor, some powder was able to escape
through the front side cheek plates, reducing the friction of powder with
the front side cheek plates and causing the temperature on the side far
from the equipment to be lower than the side nearer to the equipment.
This can also be seen in Fig. 20 where some of the powders spilled out
from the side cheek plates far from the roller compactor with the
application of T-14 at 60 bar.

A distinct change in the shape of the temperature distribution profile
was observed in Fig. 21 for 11SD at 100 bar when examining the use of
the selected customized guiders T-1, T-2, T-7, and T-14. Initially, the
application of T-1 shows a bell-shaped curve at the center around 54 °C
(medium red). Additionally, the temperature at the side further from the
roller compactor is recorded at 46.5 °C (light orange), while the tem-
perature at the side nearer to the body of the equipment is 50.5 °C (light

Powder leakage
from the side
cheek plates

Fig. 20. Powder leakage from the front side cheek plates.
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Fig. 21. The temperature distribution profile across the roller width for 11SD
powder using selected customized guider at T-1, T-2, T-7 and T-14 at 100 bar.

red). Subsequently, the shape of the curve at the center gradually
changes to flat with the application of T-2 until T-7, resulting in a
decrease in temperature at the center to around 50 °C (dark orange) and
a decrease in temperature at the side near the roller compactor to 48 °C
(medium orange). This result also highlights that T-7, with a grade of 7
mm, achieved the highest improvement in the uniformity of powder
distribution across the ribbon width compared to the other customized
guiders at 100 bar. However, when T-14 was applied, the temperature
distribution profile at the center dropped to 47 °C (light orange). These
results are due to the combined effects of excessive redirection by
customized guiders with a 14 mm tip under the influence of the high
pressure of 100 bar on high-flowability powder, such as 11SD, pushing
the powder from the center to the sides. The excessive redirection for T-
14 led to friction of powders with the cheek plates, generating heat
energy which increased the temperature at the sides to be higher than at
the center. Besides that, the temperature at the far side of the roller
compactor for T-14 rose to 53 °C (medium red), while the temperature at
the near end of the equipment increased to 59 °C (dark red). The
observed difference arises from the unidirectional rotation of the screw
feeder, which directs more powder towards the roller compactor’s body
side than the opposite side under high pressure. Friction between a large
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amount of powder quantity with the rear side cheek plates generates
high heat energy leading to increase in temperature. Conversely, on the
far side from the roller compactor, some powder escapes through the
front side cheek plates, reducing friction and resulting in lower tem-
peratures compared to the nearer side as shown in Fig. 20.

3.3. Relative temperature uniformity

The relative temperature uniformity was used to determine the
uniformity of the ribbon surface temperature starting from the centre to
the side of the ribbon. The average relative temperature uniformity of
the ribbon produced from Volactose and 11SD powder using different
customized guider at 30 bar, 60 bar and 100 bar was presented in Fig. 22
and Fig. 23 respectively.

Fig. 22 shows that at 30 bar, the T-1 and T-2 guiders produced the
lowest relative temperature uniformity (23%) for Volactose powders,
indicating a non-uniform temperature distribution across the ribbon.
The short tips of T-1 and T-2 prevented effective powder redirection,
resulting in higher center temperatures. From T-3 to T-14, temperature
uniformity increased, with T-14 achieving the highest at 70%, demon-
strating effective powder redirection. At 60 bar, relative temperature
uniformity gradually increased from T-1 to T-10, peaking at 62% with T-
10, about twice that of T-1 (30%). However, T-11 to T-14 showed
decreased uniformity, likely due to over-direction of powder, causing
non-uniform distribution. At 100 bar, uniformity increased from T-1 to
T-8, with T-8 achieving a 60% increase, similar to the 30 bar results. T-8
also produced the widest flat temperature profile. Uniformity declined
from T-9 to T-14, indicating non-uniform distribution due to excessive
powder redirection.

Fig. 23 shows that for 11SD powders at 30 bar, the application of T-1
to T-5 guiders produced low but gradually increasing relative temper-
ature uniformity. A more consistent increase was observed with T-6 to T-
10, indicating improved powder distribution, with T-8 to T-10 achieving
the highest uniformity at around 24%. However, as the guider grades
increased from 11 mm to 14 mm, uniformity decreased due to over-
direction of powder to the sides. At 60 bar, relative temperature uni-
formity for 11SD powders increased from T-1 to T-7, with guiders be-
tween 4 mm and 7 mm showing the widest flat temperature distribution
profiles at about 17%. Uniformity decreased with guiders from 8 mm to
14 mm, due to over-direction of powder towards the sides. At 100 bar,
uniformity consistently decreased from T-1 (17%) to T-14 (3%). Since
relative temperature uniformity measures the length of the uniform
temperature section from the temperature profile, starting from the

Volactose

¥ e S e )
o o o O

N W
oS O

Relative temperature uniformity (%)
Ju— B
o )

(=}

m 30 bar
m 60 bar
m 100 bar

T-1 T2 T-3 T-4 T-5 T-6 T-7 T-8 T-9 T-10T-11 T-12T-13T-14
Type of guider

Fig. 22. The relative temperature uniformity of ribbon surface produced from Volactose powders using customized guider T-1 until T-14 at 30 bar, 60 bar and
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Fig. 23. The relative temperature uniformity of ribbon surface produced from 11SD powders using customized guider T-1 until T-14 at 30 bar, 60 bar and 100 bar.

center to the side, the excessively redirected powder resulting from the
application of customized guiders and the high pressure of 100 bar
pushed powders to the sides, creating a non-uniform powder distribu-
tion across the ribbons and decreasing the percentage of relative tem-
perature uniformity. It is shown from the results from the relative
temperature uniformity in both Figs. 16 and 17 show that as the
compaction pressure increases, the height of dimension grade for
customized guiders resulting in the maximum uniformity decreases.

3.4. Percentage of fines

The amount of fines produced is influenced by the bonding strength
among particles during deformation under the roller force. If a smaller
quantity of powder is introduced at the sides between the rollers, it will
experience less effective compaction in comparison to the powder at the
center between the rollers. Consequently, this leads to the formation of
weaker areas at the sides of the ribbon. The percentage of fines produced
from compacting Volactose and 11SD powders using different custom-
ized guider at 30 bar 60 bar and 100 bar was presented in Fig. 24 and
Fig. 25 respectively.

At 30 bar, Fig. 24 shows that T-1 exhibited the highest percentage of
fines for Volactose at approximately 9.2%, due to insufficient redirection

of powder from the center to the sides, causing uneven stress distribu-
tion. As the guider grade increased, the percentage of fines decreased,
reaching about 6.5% for T-14, indicating better powder distribution and
more uniform stress across the rollers. At 60 bar, the lowest percentage
of fines was observed for Volactose when using guiders T-1 to T-10,
compared to 30 bar and 100 bar. This was due to the effective combi-
nation of powder flowability, guider dimensions, and compacting
pressure. Using short guiders at low pressure (30 bar) or long guiders at
high pressure (100 bar) led to ineffective redirection and higher fines
production. A sudden increase in fines was noted with T-13 and T-14 due
to over-direction of powders. At 100 bar, the lowest percentage of fines
was achieved with T-1 at approximately 6.6%. As the guider grade
increased from T-1 to T-10, a gradual increase in fines was observed due
to over-directed powder and leakage under the rollers. A sudden in-
crease in fines was seen with T-11 to T-14, caused by excessive powder
redirection leading to leakage and spillage, as shown in Fig. 21. These
observations highlight the importance of selecting the appropriate
guider dimension based on powder flowability and applied pressure to
minimize fines production and ensure uniform powder distribution.
Fig. 25 shows the average percentage of fines produced using
customized guiders T-1 to T-14 on 11SD powders at 30 bar. Guiders T-8
to T-10 exhibited the lowest percentage of fines at approximately 5.2%.
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Fig. 24. The percentage of fines produced from Volactose powders using customized guider T-1 until T-14 at 30 bar, 60 bar and 100 bar.
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Fig. 25. The percentage of fines produced from 11SD powders using customized guider T-1 until T-14 at 30 bar, 60 bar and 100 bar.

As the grade increased from T-11 to T-14, fines increased from 5.8% to
6.8%, due to over-direction of powder from the center to the sides. At 60
bar, T-4 to T-7 resulted in the lowest fines at about 4.5%, due to more
uniform powder distribution. Fines increased suddenly with T-13 and T-
14, caused by over-direction and powder leakage under the rollers. This
over-direction is evident in Fig. 19, where high temperatures at the sides
indicate friction between powder and cheek plates. At 100 bar, fines
increased consistently with the guider grade from T-1 to T-14, due to
over-direction and powder leakage. However, the fines produced with T-
14 were lower than at 30 bar because the higher compaction pressure at
100 bar resulted in stronger ribbons despite the leakage.

3.5. Ribbon width

In roller compactor, despite the roller width used was 40 mm, vari-
ations in the width of the produced ribbon were observed across
different materials. These variations can be attributed to factors like
particle bonding strength and compaction pressure [17]. Additionally,
the uneven distribution of powder from feeding to compaction zone also
plays a role in influencing the ribbon width. The ribbon width produced
from the compaction of Volactose and 11SD at 30 bar, 60 bar and 100

bar was presented in Fig. 26 and Fig. 27 respectively.

Fig. 26 shows that for Volactose at 30 bar, the ribbon width increased
from 37.6 mm with T-1 to 39.6 mm with T-14. This indicates that higher
guider grades improved powder distribution and stress uniformity dur-
ing compaction, resulting in wider ribbons. The T-14 guider achieved
the highest ribbon width, demonstrating its effectiveness in creating a
uniform powder distribution. At 60 bar, ribbon width gradually
increased from 37.6 mm with T-1 to 39 mm with T-10. As seen in Fig. 16,
T-10 provided the widest and most uniform temperature distribution,
enhancing powder distribution and increasing ribbon width. However,
ribbon width decreased from T-11 to T-14 due to over-direction of
powder, leading to less compaction and narrower ribbons. For Volactose
at 100 bar, ribbon width increased from 38 mm with T-1 to approxi-
mately 39 mm with T-8. Despite some non-uniform temperature distri-
bution at T-8, as shown in Fig. 17, the 8 mm guider effectively redirected
powder, producing the widest ribbons. However, T-9 to T-14 caused
over-direction and powder leakage, reducing ribbon width.

Fig. 27 shows the average ribbon width produced from 11SD pow-
ders at 30 bar using customized guiders T-1 to T-14. Ribbon width
increased from T-1 to T-10, reaching a maximum of approximately 39
mm with T-8 to T-10. A decrease in width was observed with T-11 to T-
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Fig. 26. The ribbon width produced from Volactose powders using customized guider T-1 until T-14 at 30 bar, 60 bar and 100 bar.
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Fig. 27. The ribbon width produced from 11SD powders using customized guider T-1 until T-14 at 30 bar, 60 bar and 100 bar.

14 due to over-direction of powder, resulting in less compaction and
powder leakage under the rollers. At 60 bar, ribbon width gradually
increased from approximately 38.6 mm with T-1 to 39.9 mm with T-11.
The widest ribbons were achieved with T-7 to T-11 guiders, effectively
redirecting high-flowability powder to the sides. Ribbon width
decreased with T-12 to T-14 due to over-direction and powder leakage.
At 100 bar, ribbon width increased from 38.9 mm with T-1, reaching a
maximum of 40 mm with T-11 to T-14 guiders. Despite excessive redi-
rection, these guiders effectively redirected the high-flowability powder,
resulting in the widest ribbons due to effective compaction.

4. Conclusion

This study aimed to investigate the influence of customized guiders
on powder uniformity using online thermal imaging. There are 14
different customized guiders, with dimension grades ranging from 1 mm
to 14 mm, were applied to lactose powders with varying flowability at
different pressures. Using a thermal camera, the temperature distribu-
tion profile across the ribbons was measured, and its relationship with
the amount of fines and ribbon width produced was analysed. The re-
sults demonstrated that, depending on the powders flowability and
compaction pressure, selecting the right guider with optimum dimen-
sion grade is crucial for achieving the most uniform powder distribution
across the ribbon, minimizing fines production, and maximizing ribbon
width. Using a customized guider with a tip that is too short at low
pressure proves insufficient for redirecting powder from the center to
the sides, resulting in fines being generated from the weaker sides of the
ribbons. Conversely, using guiders with excessively long tips at high
pressure over-directs the powder, leading to powder leakage from the
side cheek plates. These findings suggest that the application of suitable
customized guiders can improve powder flow and distribution across the
roller width, significantly enhancing product quality and reducing waste
during the roller compaction process. This presents a promising prospect
for long-term sustainability and resource conservation in industrial ap-
plications by reducing the need for material recycling and lowering
energy consumption during continuous operations.
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