
Original Research Paper

Investigation on resistance to attrition of coated particles by response
surface methodology

G. Perfetti b,c,⇑, D.E.C. van der Meer a, W.J. Wildeboer b, G.M.H. Meesters b,c

a Food Technology, School of Agriculture & Technology, INHOLLAND College, Kalfjeslaan 2, NL-2623 AA Delft, The Netherlands
b DSM Food Specialties, Alexander Fleminglaan 1, NL-2613 AX Delft, The Netherlands
c NanoStructured Materials, Delft University of Technology, Julianalaan 136, NL-2628 BL Delft, The Netherlands

a r t i c l e i n f o

Article history:
Received 22 September 2010
Received in revised form 14 December 2010
Accepted 16 December 2010
Available online 15 January 2011

Keywords:
Polymers
Fluid bed coating
Coated particles
Attrition
Response surface methodology
Product design

a b s t r a c t

The purpose of the present study is to obtain better understanding of the influence of the coating thick-
ness, h, coating formulation, Tg, and fluid bed temperature, Tbed, variables on the resistance to attrition of
the coated sodium benzoate reference particles. Three reference coating materials (Tg = 50 – 125 – 150 �C)
have been sprayed by using top spray fluid bed coater. Per each coating formulation three different coat-
ing levels (h = 1% – 5% – 9% w/w) have been obtained. The coating processes were performed at three dif-
ferent fluid bed temperatures (Tbed = 40 – 55 – 70 �C). The experiments have been designed according to
the response surface methodology (RSM). Both single effects and interactions between single effects on
the resistance to attrition (response variable) calculated by means of repeated impact tester were eval-
uated. From statistical analysis, the coating quantity appears to have a predominant effect on the resis-
tance to attrition of the coated particle in these studied ranges of variables. This relationship is linear and
positive, which means that an increasing quantity leads to more resistance to attrition. The interaction
coating thickness – coating formulation, the interaction between the fluid bed temperature and the coat-
ing formulation and the coating formulation as well as the interaction costing thickness – fluid bed tem-
perature were found to be very significant. On the contrary, no direct effect of the fluid bed temperature
on the resistance to attrition is detected.
� 2011 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder

Technology Japan. All rights reserved.

1. Introduction

Nowadays agglomerates, granules, tablets, pellets and nonpareil
seeds are often coated so as to improve its functionality and en-
hance its application. Possible reasons for applying coating are as
follows [1–3]:

� Shelf life enhancement and prolongation;
� To achieve controlled, sustained, delayed and/or targeted drug

delivery release properties [4,5], for chemical or physical pro-
tection of sensitive ingredients [6];
� Improve process ability and physical properties such as solubil-

ity, dispersibility, hygroscopicity and stability [7,8];
� Facilitate dosage and mixing: size, shape or surface texture;
� Masking taste and smell of the product [9];
� Aesthetic improvements and recognisability like colour and

company logo;

� Avoid caking during storage;
� Increase strength of the product to prevent dust formation;
� Enhance the overall quality of food and pharmaceutical ingredi-

ents [10–13].

It is of high importance to be ensured that the coatings can re-
sist the mechanical stresses imposed on them during production,
transportation and handling. Therefore the strength of the coatings
plays an important role. When a coating is applied on agglomerate
it should be strong enough to survive subsequent processing and
handling. If a coating fails under stress, it leads to a dramatic
change in the properties of the product.

Aqueous film-coating is a process commonly employed in the
food and pharmaceutical industries. Microencapsulation is a very
popular method for the preparation of coated particles and, in gen-
eral, for controlled release systems. Fluidised bed coating knows
several applications in food-processing such as microencapsulation
of flavours, micro-organisms and enzymes for the preparation of
bread or cheese. The fluid bed coating can be divided into three dif-
ferent process-steps: fluidisation, atomisation and drying. The
variables can be process (Table 1) or product (Table 2) related. A
continuous film is formed after several cycles of wetting and

0921-8831/$ - see front matter � 2011 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder Technology Japan. All rights reserved.
doi:10.1016/j.apt.2010.12.010

⇑ Corresponding author at: NanoStructured Materials, Delft University of Tech-
nology, Julianalaan 136, NL-2628 BL Delft, The Netherlands. Tel.: +31 15 278 43 92;
fax: +31 15 278 49 45.

E-mail address: g.perfetti@tudelft.nl (G. Perfetti).

Advanced Powder Technology 23 (2012) 64–70

Contents lists available at ScienceDirect

Advanced Powder Technology

journal homepage: www.elsevier .com/locate /apt

http://dx.doi.org/10.1016/j.apt.2010.12.010
mailto:g.perfetti@tudelft.nl
http://dx.doi.org/10.1016/j.apt.2010.12.010
http://www.sciencedirect.com/science/journal/09218831
http://www.elsevier.com/locate/apt

