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ABSTRACT
Dry coating experiments were performed by usingHibridizer (Nara). Large host silica gel

(SG) particles (¢h = 55 um) were coated with fine invited particldsntagnesium stearate
(MS, do = 4.6 um) for different contents of MS in the moird. The real MS mass fraction w
obtained after mechanical treatment has been detednthanks to calibration from TGA
measurements. The surface structure and morphab®¥S coatings were observed using
Environmental Scanning Electron Microscopy (ESERQ Atomic Force Microscopy (AFM)
[26, 27].

AFM has been also used to measure the adhesioesfoatween particles. Interaction forces
between the material attached to the cantileverg(Maium Stearate MS) and the surface of
the composite material (Silica Gel SG or Magneshimarate MS) have been determined at
different surface locations. For different compiosis w of the mixture MS-SG, the numeric
distribution and the mean value f of the forcgbtained for MS-SG interactions qrfér
MS-MS interactions have been established and therarental curve showing the evolution

of f versus whas been derived.



Models of ordered structures have been developa@)ying morphological hypotheses
concerning large spherical or cylindrical host ét H and small invited spherical I.
Different types of distribution of | materials ontioe surface of H have been considered: for
examples a discrete monolayer —or multilayers- ohaosized particles | on the H surface.
The coordinence of MS particles around SG partickes been estimated to calculate the free
SG surface fraction through different modelling atad obtain the mean force f versus
composition w The theoretical force values have been compareckperimental ones. The
deviations have been discussed in terms of guestlpadistributions on the surface of the

large host particles and morphological hypotheses.

PACS codes: 81.20.Ev: Powder processing
68.37. Ps: Atomic force microscopyi)

81.70. Pg: Thermal analysis

Keywords: Powder mixtures, Dry coating, Hybridizer, Thernaalalysis, AFM, Atomic
interaction forces.



1. INTRODUCTION

In a lot of industrial areas new applications opiovement of products functionalities require
to modify the surface properties of powders. Ariiasting way to realize those modifications
is the dry coating process. In such processes, @@wdith relatively large size (host
particles: 1-500um) are mechanically coated with fine particles ited particles: 0.1-50
pum). Mechanical force applied to a mixture of fineddarge particles can lead to ordered
mixtures where guest particles are sufficiently bms to be held to the host surface by Van
der Waals forces. The physical and physicochenabatacteristics of the powders and the
interactions between host and guest particles ataynportant role in factors that can affect
the quality of end-product, as the physical andrabal stability and the powder ageing.

In this study the coating experiments have beenechout in the Hybridizer NSHO [1 - 3], a
lab-scale device supplied by the company Nara Mweeeki This apparatus has been used for
various purposes to carry out dry coating experisiells applications cover a large and
diversified palette of areas including pharmacelitindustries [4 - 7] for taste masking or
bio-availability enhancement, and composite materamea [8, 9] for their mechanical or
physical properties. It has been particularly descr and studied by Honda and al [10 - 18],
Dave and al. [19] Munjumbar [20] or more recently Yilela and al. [21]. One of the
important points that appeared in these worksasctiaracterisation of the coated product in
terms of quantity and quality of the coating.

This work is dedicated to the characterisation f cbatings, and the study of interaction
forces between invited and host particles by AFktdosurface measurements. The ability to
study particle-particle interactions is now pobksilwith the advent of the atomic force
microscope. Before measuring the interaction faxa function of tip-sample separation, the
methodology used involves a critical step whichsists in attaching the fine particles onto

the AFM cantilever [22 - 24].



2. PREPARING ORDERED MIXTURES OF PARTICLES

2.1.Powders
Silica gel powder (SG) supplied by Merck has besaduas host particles for dry coating
experiments. This powder exhibits a porous strectharacterized by a very hydrophilic
behaviour. Its particles are irregularly shapedwitotable surface roughness (Figure 1).
Magnesium Stearate (MS) supplied by Chimiray hanhesed as guest particles in order to
use its hydrophobic properties for changing the&igjel surface behaviour. The MS appears
as a fine, white, greasy and cohesive powder widebd in pharmaceutical formulation as
lubricant. Observations by ESEM (Figure 2) showidewparticle size distribution and shape
including spheroids, needle and plate like paricle
Some physical properties of both powders are sumethm Table 1. The size ratio, equal to
12, and the smallness of the MS size have beerenhosfacilitate the adhesion of the guest

particles on the host surface by means of Van datsibrces.

Figure 1. ESEM picture of SG

Figure 2: ESEM picture of MS
Table 1. Some properties of the host and guest particles

2.2.Coating process and oper ating parameters

First, 30 g of mixtures of SG and MS have been gmegh with different mass fraction w of
MS. Then each premix has been introduced direatlthe Hybridizer chamber (Figure 3).
The rotor was activated at a speed of 4800 rprmdusimin and the products then recovered
in the collector using an air purge. The rotatipeex has been chosen in order to avoid too
much grinding of the host particles but high enotwghachieve a good circulation of the
powder and a sufficient surface coverage yieldhendollector.

During the coating process, host and guest pastate submitted to impacts between them,
and with the rotor or the chamber walls (FigureT3)is treatment leads to the adhesion of the

MS onto the SG surface.



Figure 3: Scheme of the Hybridizer process
2.3.ESEM observations

The uncoated and coated Silica gel particles wesmeed by environmental scanning

electron microscopy (ESEM) to study the surfacephology. The ESEM images revealed

that greater MS coverage can be observed on tfecewf SG particles as the MS mass ratio
w increased [25].

An example of coated particles observed with ESE&hmique is presented in Figure 4. It let
clearly appear the MS coating (dark zones) on t@es8rface (white) in the case of an

experiment carried out with w=15% before feeding iybridizer.

Figure 4: ESEM observation of SG particle coated with MS 1%%6)

2.4.Deter mination of the M S amount in the coated product
After the hybridizer treatment, a part of the fgeavder stayed stuck on the device walls. In
particular, a significant deposit of MS in the Higiwer was observed [26]. The real amount
w, of MS in the SG-MS mixture has been quantified lsing Differential Scanning
Calorimetry coupled with Thermogravimetry (TG-DS@) order to take into account a
possible segregation of the particles and lossymtodiuring the process.
The analysis has been performed under nitrogen fitova temperature ranging between 20-

600 °C and heating rate of 5 °Critin

Figure5: TG-DSC curves of SG sample

Figure 6: TG-DSC curves of MS sample
Figure7: TG-DSC curves for w = 15%

The TG-DSC curves of SG (Figure 5) exhibited a waiss (20°C — 200°C) followed by a
gradual surface hydroxyl groups departure. As seé&igure 6, the MS decomposition occurs
between about 250°C and 580°C after a dehydratem sorresponding to the loss of the
structural water followed by the anhydrous MS deposttion in CQ, CO, HO. As a

consequence, for each SG-MS mixture, two massdassebe observed (Figure 7).



Figure 8: TG-DSC experimental relation between the mass(firsfm,) and the introduced MS mass fraction

(w)

Figure 9: Real MS mass fraction (wdeduced from calibration curve versus the intoeduMS mass fraction

(W)

A calibration curve based (Figure 8) on well-knoM$-SG mixtures prepared by simple
stirring has been established by measuring thenslee@ass loss\n/my) [27]. The amount of
remaining MS after Hybridizer dry coating experirteeis deduced from the calibration curve
by analysing the coated samples (Figure 9).

2.5.Adhesion force measurementsby AFM
Atomic interaction forces between the MS attacleethe cantilever [26, 27] and the surface
of the composite material (SG or MS) have beenrdeted at different locations of the
surface. For different compositions w of the migtuMS-GS, the numeric distributions
(Figure 10) of the adhesion forces between MS lagtd¢o the AFM tip (spring constant, 0.32
Nm™) and different samples have been established nidan force (f), f obtained for MS-
GS interactions or, ffor MS-MS interactions have been determined arel ekperimental

curve showing the evolution of f versushmas been derived (Figure 11).

Figure 10: Numeric distributions of adhesion force between &f8 the surface of each sample

Figure 11: Evolution of the mean adhesion force (f) versusréad MS mass ratio (v

As observed in Figure 10 the adhesion forces forNi&sinteraction are in the range 40 nN -
150 nN with a mean valuedf 68 nN whereas MS — SG adhesion forces are inatige O nN

- 20 nN with a mean valug bf 8 nN.

In order to explain the evolution of the mean forgersus w; different models of perfectly
ordered coatings or partially ordered structurescansidered.

These models imply morphological hypotheses comagtarge host particles H and small
invited particles | in a mixture and different typef relative distribution of invited particles

onto the surface of host ones.



3. MODELING ORDERED STRUCTURESOF PARTICLES

The coordinence of small particles around hostigest is estimated through different

modelling and used to calculate the mean force f.

3.1.Hypotheses

a. Ordered structures are possible, which implies teanditions:
The radius ratio kof large host particlesRand that of small particles B large.
The sizes of | and H remain in the domain of stramgroscopic interactions, but are not
small enough to consider the occurrence of strggipanerations of | or H particles.

b. Morphology:
The invited as well as the host particles are sspgoto be spherical, and monosized.
Nevertheless a discussion on the effect of cyloadrshape should be engaged to take into
account in particular the real host morphology.

c. Distribution of | on H:
Two models are considered, a perfectly orderecctre of | around H (POC model), or a
more random distribution of | over the host surfé@®C model).
In the first simple approach we consider a perfiestrete monolayer of monosized particles |
on the N sites offered on the surface of the gartit So surface fractions and g should be
easily evaluated. This description would be thepsst most reasonable model in case of
poor content of | in mixtures.
In fact this is a particular case of a more gendrstribution of particles | in several layers
that will also be envisaged hereafter. In the sdamodel, a host particle offers N surface
sites to the invited particles added by the medarction of the mixer. Each layer of
invited grains may contain j particles per hose gjt€ [0, «]). After having installed (p-1)
particles at random among the N sites, in monayhbils,... a snapshot locating a new patrticle

| among the sites -occupied or not- will make thenber of free sites vary. The numbgrod



free sites on the host after p snapshots is giyethd equations (1,2) where N is the initial
number of free sites (after p=0 snapshot), anctlge number of free sites on the surface after
having placed at random p-1 particles. Startingnfi@ situation where,q sites remain free
after having injected p -1 particles, when puttmg more invited grain, the new value for the
number of free sites will be the preceding one mitie probability (g:/N) to place the new

grain on a free site:

_ Up1
Ay =Ups = 1)
1 p
q, = N(l—ﬁj @)

The free surface fractiom €an be deduced immediately in each case:
For perfectly ordered systems which can be obtafoednixtures where the quantity of | is

rather small to avoid interstitial and agglomenatéffects g is given by

_(,_P
sH—(l Nj 3)

For semi-ordered systems the model available ftarimediate contents of | in the mixture

gives:

(1Y
sH—[l Nj @)

For small contents of | equations (3) and (4) yibkl same results.

d. Behaviour of | — H mixtures:
It is assumed that the probability for a particlgpldced on the tip of the cantilever to
encounter a free surface site is proportional ® dkailable free surface fraction. If the
particles | are placed at random on the surfadeef grains, for a pointer made of | material
analysing all the surface of a host particle, trabpbility to reach I-1 interactions forcesorr
I-H interactions forcesyf will be proportional to the corresponding area gsadl. This

hypothesis implies to neglect lateral interactibhs or I-1 with respect to axial interaction.



Therefore on can write the equations (5) availdblethe SOC model, and anyway the

relationship (6) always true for the two models:
f =0 s)f +s4fy (5)
f =(1-s,)f, +s,f, (6)
3.2.Modeling the mean for ce of interaction
Now we are ready for determining the mean fore ttan be observed between the
material attached to the cantilever- for instanant the material in front of it on the piece of

surface being analysed — either H, either |-, &snation of the composition of the mixture

(mass fraction).
3.2.1. Evaluation of the sitesnumber N on host surface

For a perfect ordered cell a host grain is surredntbmpletely by a monolayer of N particles
I in a compact 2D arrangement on the surface oftt¢ number N is equal to the maximum
coordinence of a sphere H defined as the numbatirett bonds established between a
central particle H surrounded by | particles orBuzuki et al.,, or Dodds [28, 29] have
proposed a general solution to evaluate N. But whenthe size ratiokis greater than 5, N
can be evaluated very simply as follows.

The approach consists in evaluating the area ofsthieace of contact between host and
invited particles. By dividing this area availaldte deposing | particles by the effective area
occupied by one particle | on the surface of cdrttae maximum coordinence is obtained, the
effective area is the area of a grain | projecterpendicularly to the surface, divided by the
packing fraction. For a 2D compact grain arrangdnwnl onto H particles, the packing
fraction Gp will be that of a hexagonal structure. When comémdea spherical geometry for

both types of grains, this gives a sphere of caatabose radius is equal tg; R R:

_4C2D (RH -'-RI)2

N
RY

(7)



This value can be expressed as a function of #eeratio k:

N =4C,, (k, +1)° (8)
For a compact hexagonal structui@,, = Znﬁ l.e. Gp= 0.906, whereas for a random

2
T
arrangementC,, = —

12
C2D = 0.785.

i.e. Gp =0.82, and for a quadratic loose packifg, = i.e.

T
4
3.2.2. Perfectly ordered structures

For perfectly ordered monolayer systemsissgiven byequation (3) for a mixture in which p
particles | are mixed with one particle H so threg humerical fraction of | can be written

n, =p/(L+p) )

The value of the number p of invited grains | oa slurface of one host particle H as function

of the radius ratio, the volumic mass and the rfras$ion w can be derived:

_ Pu W,
pzl, R W (10)
" p, (1-w))

Then the expression (6) of the mean force becomes:

(P _P
(B, a

Now one can express the mean force versus w

3Py W, 3Py W,
H o T E——

f= P (1_W|2) £+ 1- P (1_W|2) f, (12)
4C,, (ky +1) 4C,, (ky +1)

p= N corresponds to the maximum of the coveragep@ofectly ordered systems when p
reaches its maximum limit value. Therefore the fimass fraction y can be written as a

function of the size ratio:

_ 1
Wy, = = on i (13)

p14Cyp (K, +1)%
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When w> wy, then f reaches the constant value f

3.2.3. Semi - ordered structures

In this model, the systems are constituted of lpasticles H attracting at random small
particles I.

For a multilayer distribution, one gets (15) froatation (4):

p (number of particles around a host in one orrsgVayers) may be defined as a function of
the mass fraction vof | as given by (10):

So the expression of the free surface fraction ineso

p
7HkH3
Py

s, =|1- ! -
"\ ac, (K, +1) 4

o T P E— O R E— f,
4Cyp (ki +1) 4Cyp (ki +1)

W

(15)

For small wthis function exhibits almost the same variatiosnshese given by the function
(12), but some deviations can be noticed for &%.

4. COMPARAISON BETWEEN EXPERIMENTAL RESULTSAND MODELING -
DISCUSSION

The curves f(W given by the models POC or SOC of Perfectly amS@rdered Coatings
have been compared to the experimental points (€$gl2 and 13).

The theoretical curves have been calculated atiging attributed values to the following
parameterspy =2.07 g crit, p; =1.04 g cnt, ky = 12.

For the POC model considering H and | spherescuinees f(w) in Figure 12 corresponds to
the cases £ = 0.906 (or Gp =0.82), from equation (12) with N= 612 (or N= 55)d

w,~0.15. The function exhibits an almost linear iase in the beginning as expected from

11



equation (11) when yx<1, typically some percents. When ww, a plateaus reached at
w,;=0.15 (or 0.14)

The curve (SOC model) on Figure 13 was obtaineth feguation (15) with two different
values Gp = 0.906 or 0.82.

One can see that the experimental points are rgod agreement with the theoretical curve
calculated with (12 or 15) with spheres (Figure it2)he case of perfectly ordered coatings.
A better agreement can be observed in the cas®Gfr8odels (Figure 13).

These deviations observed between experimental thadretical curves f(Ww can be

explained by different ways.

Figure 12: Perfectly Ordered Coating: evaluation of the agedaforce of interaction between MS attached to
the tip of the cantilever and the surface of smlai(or cylindrical) host particles covered by spted invited
particles MS, for different surface packing fraaso

Figure 13: Semi Ordered Coating: evaluation of the averageckfof interactions between MS attached to the
tip of the cantilever and the surface of spherfoakylindrical) host particles covered by sphdrinaited
particles MS, for different surface packing fraaso

5. MODELING DISCUSSION

5.1.Effect of the 2D packing of invited particles on the limit of saturation w, can be
evoked (POC models)

A first study has been devoted to the effect of theice of Gp for perfect structures.
Choosing Gp = 0.906 gives the highest limit wat 15 % and curves nearer to the
experimental one whereas fosd=0.82, w, =14 %.
Going from a close compact surface structure anaom one i.e. decreasingsG 0.906 to
0.82 will make w, decrease by about 6 %. So the agreement betwgmrirmental and
theoretical curves becomes better when choosingitjieest value €,=0.906.

5.2.Therole of thedistribution of particles| over the host surface (SOC model)
For less ordered systems, probably more real, avitndom multi layers distribution of | on
host (but always near the surface so that the sysésm be considered as partially ordered) the

calculated curvesbdw;) remains nearer the experimental curve than thresponding curve

12



frodWw,) for perfectly ordered systems, because the saifamains free in SOC systems, with
more events of I-H type interaction forces.
In addition one may consider also that the I-I bat&raction force is much stronger (68 nN)
than the I-F axial attraction force (8 nN): thisgleudifference might orientate an | particle to
be associated with another | particle on the hasfase rather than to a free H site, less
favourable from an energetic point of view, so ttiegt postpone random distribution would
become questionable.

5.3.Effect of small lateral forceinteractions
The hypothesis of small lateral force interactibesveen the material stuck on the tip and the
surface on which interactions occur may also beusised. This hypothesis implies to neglect
lateral interactions I-H or I-H with respect to alxinteraction. Effects due to an approach of
the tip towards a locally non homogeneous surfatan(defects, local bad arrangements...)
must lead to a larger distribution of f,of fy measurements, which is noticed in the forces
distributions curves presenting a very large steshdaviation. This should lead to modify the
basic equation (6).

5.4.Effect of host particle morphology
A model of ordered structures, implying morpholagibypotheses like spherical large host
particles H and small invited spherical particles lbeen developed. But models supposing
spherical particles should be modified if the shafparticles is far from the sphere.
For instance the host particle seems to exhibliaga not far from a cylindrical tablet. This
real shape of host particles has been taken immtmusat in new models POC-Cyl or SOC-Cyl.
In this case N and p can be easily derived introduthe shape factorsde Re/Ryand ty =

2 kcH
N=2C, | k&, + (kg +1)E (16)

13
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P T dew)
P1 'cH |

(3) and (4) can be rewritten to get the generahtda f(w)) analogous to equations (12) and
(15).

To apply this new model one must pay attentionh® fact that the host cylinder and the
spherical one must present the same volume: thissga relationship between the shape

factors:

k ., =k, 3—CH (18)

To apply these models the shape factors have betenniined by measuring on SG images
the mean radius 8 and thicknesspeof SG particles considered as tablets: we havairodd

a ratio ty = 2. From (18) one can obtaigsk= 19.6.

By equalling p to N an equation giving wor the new POC-type model can be derived for

cylindrical host particles:

3
3p,, k w k
4p| tCH (1—WL|) D cH C tCH

This yields N= 961 with €,=0.82 or N=1061 for ¢=0.906 because the area of the surface
offered to invited particles increases for the samass of host particle. Anyway the limit does
not move significantly: w = 0.165. The curve f (Wis just slightly shifted towards the
experimental points.

In the same way this new SOC-type model withy €0.906 and cylinders as host particles
yields the best agreement with experimental points.

6. CONCLUSION

Coating silica gel particles (SG) by small magnesistearate particles (MS) has been

realized, for different mass fraction w of MS with treatment in a special mixer: the

14



hybridizer “NARA. The real contentvin the mixture after treatment has been determimed
TGA-DSC experiments. From AFM measurements, theraation forces between from one
hand MS material stuck on the tip of the cantileasd from another hand of the surface of a
silica gel particle, either free or occupied by M8rticles have been obtained. From the
adhesion force distribution curve, a mean valutnefforce has been derived.

Models to explain the evolution of this mean foneersus the mass fraction have been
proposed.

Considering a random distribution of invited pdescon the surface of silica gel tablets and a
cylinder like morphology for SG particles and spbarlike for MS particles leads to the best
agreement between the experimental and model sesult

Nevertheless the deviations between theoreticalesuand experimental ones could be also
interpreted in terms of lateral interactions in WIS interaction forces.

The linear law f(g) introduced as the simplest approach of a mixawy &s a function of a
surface fraction could be considered as validfirshapproximation.

7. ACKNOWLEDGEMENTS

The authors would like acknowledge Anne-Marie Ddom the AFM interaction force
measurements.

8. REFERENCES

[1]Yoshihara |., Pieper W., Hybridization — Technology for surface modificaticof
powders without binders, Swiss Pharma, 21, 6, 1999

[2]Pfeffer R., Dave R. N., Dongguang W., Ramlakhan, M., Synthesis of engineered
particulates with tailored properties using drytjoée coating, Powder Technology, 117, 40-
67, 2001

[3]Pieper W., The Nara hybridization design our own particle,wBer Handling and
Processing, 8, 232-234, 1996

[4]Pieper W., Mattern C., Optimazation of taste masking pharmaceutical camgs by
hybridization technique, Powder Handling and Preices 16, 136-138, 2004

[5]Ishizaka T., Honda H., Kikuchi Y., Ono K., Katano T., Koishi M., Preparation drug
diluent hybrid powder by dry processing, JournaPbairmacy and Pharmacology, 41, 361-

15



368, 1989

[6] Ishizaka T., Honda H., Koishi M., Drug dissolution from indomethacin-starch hybrid
powders prepared by dry impact blending methodrniwf Pharmacy and Pharmacology,
45, 770-774, 1993

[7] Ishizaka T., Kikuchi Y., Ono K., Hybridization of particles with reactive solid
monomers by the dry impact blending methdgixth International Symposium on
Agglomeration, Japan, 1993

[8] Kangwantrakool S., Shinohara K., Sintering behaviour of mechanically coated Wc-
Co/TiC-Al,O3 particles by high-speed rotational impact blendingernational Journal of
Refractory and Hard Materials, 21, 171-182, 2003

[9] Feng C., Wang W., Fu Z., Fabrication of TiB2 composite powders coated wilth B/
high speed airflow impact, Trans. Nonferrous Me&ic.SChina, 15, 2, 238-242, 2005

[10] HondaH., OnoK., Ishizaka T., Matsuno T., Katano M.
Surface modification of powders by the high spaegact treatment method, Journal of the
Society of Powder Technology Japan, 24, 593-598719

[11] HondaH., Matsuno T., Koishi M.
Preparation of a graphite fluoride modified-polynraicrosphere by a high speed impact
treatment method, Journal of the Society of Powaehnology Japan, 25, 597-602, 1988

[12] HondaH., Matsuno T., Koishi M.
The effect of powder properties on dry impact blaggreparation method
Journal of the Society of Powder Technology Japan666-671, 1989

[13] HondaH., Kimura M., Honda F., Matsuno T., Koishi M.
Preparation of composite and encapsulated powaeclpa by dry impact blending
International Journal of Chemistry and BiotechnglaP91

[14] Honda F., Honda H., Koishi M.
Application of non-porous silica ultramicrosphere® high-performance liquid
chromatographic column packings, Journal of Chrograiphy, 609, 49-59, 1992

[15] HondaH., Kimura M., Honda F., Matsuno T., Koishi M.

Preparation of monolayer particle coated powdethieydry impact blending process utilizing
mechanochemical treatment, Colloids and SurfacedPiysicochemical and Engineering
Aspects, 82, 117-128, 1994

[16] Honda F., Honda H., Koishi M.

Utilization of the dry impact blending method teepare irregularly shaped particles for high-
performance liquid chromatographic column packiniigjrnal of Chromatography A, 696,
19-30, 1995

[17]Honda F., Honda H., Koishi M., Matsuno T.

Double-layered composite particles as a complexosiay phase for high-performance
liquid chromatography, Journal of Chromatography 25, 13-27, 1997

16



[18] Honda F., Honda H., Koishi M., Matsuno T.

Properties of cattle bone powder-coated compositictes as high-performance and open
column liquid chromatographic column packings, f@irof Chromatography A, 813, 21-33,
1998

[19] DaveR. N., Chen W., Mujumdar A., Wang W., Pfeffer R.
Numerical simulation of dry particle coating proses by discrete element method, Advanced
Powder Technology, 14, 449-470, 2003

[20] Mujumdar A., Wei D., DaveR. N., Pfeffer R., Wu C. Y., Improvement of humidity
resistance of magnesium powder using dry partaéicg, Powder Technology, 140, 86-97,
2004

[21] Vildla A., Concepcion L., Accart P., Chamayou A., Baron M., Dodds J.A.,

Evaluation of the Mechanical Resistance of a Povpderder Coating by Modulated Dry
Feed Particle Size Analysis, Particle & Particlst®gns Characterization, Vol. 23, Issue 2, ,
ppl27-132, 2006

[22] Butt H.J., CapellaB., Kappl M., Force measurement with atomic force microscope:
technique, interpretation and applications, Surfacience Reports, 59, 1-152, 2005

[23] Roberts C.J., What can we learn from atomic force microscopy adiremeasurements
with single drug particles, European Journal ofrRtaeeutical Sciences, 24, 153-157, 2005

[24] Eve J.K., Patel N., Luk S.Y., Ebbens S.J., Roberts C.J., A study of single drug
particle adhesion interactions using atomic foreerescopy, International Journal of
Pharmaceutics, 238, 17-27, 2002

[25] Ouabbas Y., Chamayou A., Galet L., Baron M., Thomas G., Grosseau P., Guilhot
B., (2008a), Surface modification of silica particleg try-coating: Characterization and
powder ageing, Powder Technology, in press.

[26] Ouabbas Y., Chamayou A., Galet L., Baron M., Dodds J., Danna A.M., Thomas G.,
Guilhot B., Grosseau P., Modification of powders properties by dry coatisgme examples
of process and products characteristics, submitt€toceedings CHISA2008, Prague, august
2008

[27] Galet L., Ouabbas Y., Danna A.M., Thomas G., Grosseau P., Baron M., Chamayou
A., Surface morphology analysis and AFM study of silijed particles after mechanical dry
coating with magnesium Stearate, submitted to Finogs PSA2008, UK, September 2008

[28] Suzuki M., Oshima T., Estimation of the coordination number in a two-pament
mixture of cohesive spheres, Powder Te86,.,181-188, 1983

[29] Dodds J.A., The porosity and contact points in multicompormandom sphere packing
calculated by a simple statistical geometric modeGoll. And Int 77(2), 317-327, 1980

Nomenclature

Cop:  packing fraction of the invited particles on theface of contact I-H
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f|:

fH:

kH:

kcH:

n.

Op:

R:

Ry:

RcH:

Sij-

Wy

thickness of cylindrical host particles

mean force of interactions between Material Ma@ted on the cantilever) and the
coated surface of a host particle

mean force of interactions between Material M {ba cantilever) and the invited
particles coating the surface of a host particle.

mean force of interactions between Material M ftom cantilever) and the free surface
of a host particle.

size ratio of both spherical host and invitedipkes; k.= Ry/R,
size ratio for cylindrical host particle and spbarinvited particles; i = ReW/R
initial number of free sites on host surface gafp=0 snapshot) , and also the
maximum coordination number in an elementary celnposed of a particle H
surrounded by small particles | only, forming a @awt packing on the external
surface of host particle H.

numerical fraction of | in the binary mixture-H.

number of particles | placed at the surface antbhad\ possible sites.

number of free sites on the surface after hagplaged at random p invited particles on
a host patrticle

radius of small spherical invited particles.
radius of large spherical host particles.
radius of large cylindrical host particles

surface fraction of a layer containing j invitedrticles per host site on the surface of
host grains presenting N sites.

free surface fraction on host particles#<s; =1 and g= ¢/N.

shape factor of host cylinder particles;$ R.n/eq

mass fraction of | in the | — H mixture before thmybridizer treatment.
mass fraction of | in the | — H mixture after tmgbridizer treatment.

limit mass fraction of | in the | — H mixture ecesponding to a complete coverage in
perfect ordered coatings.

pi, PH: Volume mass of | and H.
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Figure Captions

Figure1:
Figure 2:

Figure 3:

Figure4:
Figure5:
Figure6:
Figure7:

Figure8:

Figure9:

Figure 10:

Figure 11:

Figure 12:

Figure 13:

ESEM picture of SG
ESEM picture of MS

Scheme of the Hybridizer process

ESEM observation of SG patrticle coated with MS1%0%6)
TG-DSC curves of SG sample

TG-DSC curves of MS sample

TG-DSC curves for w= 15%

TG-DSC experimental relation between the mass [(d@sh/my) and the
introduced MS mass fraction (w)

Real MS mass fraction (v deduced from calibration curve versus the
introduced MS mass fraction (w)

Numeric distributions of adhesion force between dfsl the surface of each
sample

Evolution of the mean adhesion force (f) versusréda MS mass ratio (v

Perfectly Ordered Coating: evaluation of the aged force of interaction
between MS attached to the tip of the cantileverthe surface of spherical (or
cylindrical) host particles covered by sphericabited particles MS, for

different surface packing fractions.

Semi Ordered Coating: evaluation of the averafmde of interactions

between MS attached to the tip of the cantileverthe surface of spherical (or
cylindrical) host particles covered by sphericavited particles MS, for

different surface packing fractions.
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Particles Size (do) /um Density p) /g cm?® Specific surface areags)
(Mastersizer  (Helium Pycnometer: Imfg™t
2000) Accupyc1330) (Micromeritics ASAP 2010)
SG 55 () 2.07 (ov) 475
MS 4.6 ¢) 1.04 () 7.7
Table 1.
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