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Abstract

The many methods which exist to characterise the quality of a powder mixture have been recently reviewed and linked with mixing mechanis
in current literature. In this paper, we try to develop a novel methodology for defining and characterising homogeneity using principal compon
analysis (PCA) as an alternative to well-known statistical methods, such as auto-correlation functions or variances. We apply this to ingge anal
for the case of a powder mixture flowing out of a continuous mixing device. An emphasis is placed on the calculation in real-time of the degree
homogeneity of loose materials on the conveyor belt, carrying this mixture. Mass flow disturbances applied to a binary mixture are studied by
proposed methodology, which is found to be sensitive to small structural defaults.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction—state of the art is to say the size of the patients dose. However, this may not
be so when the patient interferes, such as when he is allowed
Powder mixing is a widely used unit operation in the pharmato sample himself in the package (if the patient take a piece of
ceutical, agro-food, cement or chemical industries. The procedablet for example).
is complex as it depends on many factors operating at vari- The many methodologies that exist to characterise mixture
ous scales: single particle properties, bulk particle propertiedjomogeneity and its structure were recently reviewed and linked
general mixer design and operation, combination of operatingvith mixing mechanisms by Gyenj4]. A distinction must be
conditions, mixture formulation, etc. The quality of a mixture, made between the techniques that calculate a structural crite-
which may be the degree of homogeneity of loose material ation and those which generate an overall criterion, which are
the outlet of a mixer, is important for end-user properties asvell known in industrial practice. The standard deviation of the
perceived by customers and/or for in-process properties usembmposition of a certain number of samples, as well as the cor-
by manufacturers for normative procedures. In addition, mixingesponding variance, coefficient of variation, or mixing indices
process optimisation is a matter of reducing mixing time andbelong to this latter category. Weinekotf2} illustrated the lim-
saving electrical energy, especially for low added-value prodits of such analyses by discussing two continuous processes
ucts. having the same variance but radically different organisation:
The definition of mixture quality first requires the knowledge (a) 12 samples with compositions alternating on both sides of
of the scale at which it has to be defined, that is the scale ahe mean; (b) six samples of identical composition higher than
scrutiny of a mixture. For example in the case of pharmaceuticahe mean followed by six samples of identical composition lower
tablet the size of scrutiny is probably equal to a tablet size, thathan the mean. When compared to each other from a “customer”
end-used property, it is obvious that process (b) is inadequate
while it may satisfy a pharmaceutical quality criterion.
* Corresponding author. On the other hand, fractal analysis, phase-space techniques
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account the structure of a powder mixture, as the relative posi- From the above, one may understand that a single method
tions of the samples are not destroyed by the analysis. Danckannot cover the whole range of possible powder blends. Also,
werts [3] was probably the first to suggest the use of auto-when considering its applicability to industrial problems, the
correlation functions to describe the scale of segregation of axactitude of the method comes after other type of considera-
mixture, that is the maximum size of segregated regions in &ons, such as the stability of the measurement with time, easy
mixture- - - or the sample size above which powder homogeneealibration procedures or no calibration required at all, sam-
ity is only due to random effects. The auto-correlation functionpling needed or not, compatibility with industrial conditions,
R characterises the interdependence of the compositions of amgal-time data analysis, .. Therefore, working on new on-line
two samples of a series of samples, separated by a distéoce methodologies for accurate data treatment in real-time is still
by a given number of samples). If no correlation exists, then than important field of investigation. This paper proposes a novel
value ofR(r) is equal to zero and the mixture can be considereanethod based on real-time principal component analysis of pow-
as homogeneous at this scale. In other words, the scale of seder mixture images captured by a CCD camera with the claim
regation becomes equal to the scale of scrutiny. In practice, thiat this methodology of data processing may be adapted to other
first “distance’rg for whichR equals zero can be read from a plot types of on-line techniques, such as capacitance measurements
of R versusr, called a correlogram. This distance is the param-or NIR spectroscopy.
eter for characterising the structure of the mixture, as it gives
a measure of the maximum length of no correlation betweea Powder mixture measurement based on ima.

.S . ge
samples. However, the determinationgfs not always easy, at analysis
least because a correlogram may exhibit asymptotic behaviour,
or _because itis very sensitive to asmall yanauons inthe COMPo- 1 hethod developed in this paper aims to measure the
sition of the samples. Indeed, there is still a need for developm%e

. : . . .degree of homogeneity of loose materials on a conveyor
new, meaningful, industry-pertinent methodologies for quant|—beIt using image processing techniques. For this, one powder
fying the homogeneity of powder mixtures. ’

From the point of view of the techniques used for obtaining(semmma; particle size, 100-25n) and a tracer (semolina

such information. recent emphasis has been placed on on-Ii Cé)loured by iodine adsorption) were used as particulate systems
’ P P rhaving identical properties except colour. The measurement

methods which avoid the interference of thief sample prObe%hain consists of a CCD camera placed over the conveyor belt

E]cr?r?idl}gg r:i?éii;é?\}g“ﬁgggﬁfﬂ?; %pzﬁslsggﬁﬁﬁéegfnr\}\t/hich transports the mixture of the loose materials, as well as a
niq o ; . PC computer. The schematic diagram of this system is presented
munity, especially in the past decade, from the pioneering work

ih Fig. 1
of Harwood et al[5], to that of Berntsson et gl6] (one may . . .
also refer to Weinetter and ReHlf7] or Steinmetz et al8]). A time sequence of images is captured by the camera and

Near Infrared (NIR) spectroscopy is now beginning to be used i represents the solid mixture on the belt during conveying. These

i th specially des
. . . i re tr with iall ign m r softwar
industrial R&D for measuring powder blends. However, many. ages are treated with specially designed computer software

: . ) : e to calculate the homogeneity ratio of the mixture. Each image
of the workers involved in such projects find difficulties in the represents a two-dimensional sample of analysed mixture. The

calibration procedures and time stability of the signals. Also inhole camera model used (dgig. 2) is detailed inAppendix
concerning these type of methods, but very much atthe resear rﬁd provides a continuous brightness function corresponding

stage, we may cite laser induced fluorescence as a very PIOMIF each frame. Digitizing a frame consists in sampling and

ing tool for pharmaceutical mixturg8]. Electrical capacitance uantifying the function, it gives a grey scale image contain-

tr;)irgong:;a%hy (En%? has benen ur:idedrtra[;)ld Idevelopinmen:larn(l:e tq g information about tracer concentration. Indeed the black

der techenoeli a 0 f; aened ir?pgv;eromii ?n C?rfeeslrticile %a POWacer concentration is directly linked with the brightness as its
o 9y10-12} P Ngin part 4L3]. reflectance is different from that of the white particles.

While it seems to be a valuable alternative to optical methods, In the example shown oFiig. 3 a sample and a quantized

it seems better suited for coherent pipe flows, that is to say witB. . ; . . .
. T inary mixture image is shown. The diamegeof any particle
low disturbance of the flow rates because porosity changes hay y g ypP

a strong influence on data reliability. In comparison to other”?the mixture is approximately equal to five pixels.
measurement techniques, image analysis is non-destructive and

is characterised by a great speed, which is very important in

on-line systems. In the recent scientific literature, Muerzaetal.  ccp camera
[14] have proposed such a method. In this work the method is

applied to two free-flow powders differing in colour mixed by a y| image
continuous static mixing unit and poured for transport by a belt analysis
conveyor without disturbance. A CCD camera placed on the con-

veying line captures images of the moving belt. These images are  '°°%¢ materials
then treated and analysed using the auto-correlation techniqueﬁ)_’

to obtain the characteristic distange Because this required a conveyor belt

critical analysis of the correlograms, with respect to their shape,

it was performed off-line from the measurement chain. Fig. 1. Schematic diagram of the solid mixture analysing set-up.
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