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Resume. -De man尤re a developper des modeles mecaniques, ii est necessaire de determiner cer tains param识res intrinseques au materiau etudie. Dans cette etude, nous proposons diff釭entes tech niques pour approcher des param识res de dispersion de fibres dans des composites. Les resultats obtenus sur des polypropylenes charges en fibres de verre courtes differencies par la longueur des fibres, presentent !'evolution des parametres selectionnes avec l'etat d'orientation et la granulometrie des fibres.

Abstract. -To develop mechanical models of a material, it is necessary to determine some of its intrinsic parameters. In the present study, we propose different techniques for determining some dispersion parameters of fibers in composites, in a plane space. The results show on various short fiber glass reinforced polypropylenes that are differentiated by their fiber lengths, the evolution of the selected dispersion in relation with the orientation and the granulometiy of the fibers.

Introduction

Fiber composites are being increasingly used in a large number of applications. Fibers give to the matrix better mechanical properties, such as stiffness, impact resistance, etc.

With a determined fiber morphology and composition, the fiber composite morphology is de fined by the orientation and the dispersion of the fibers inside the matrix. There is growing evi一 dence in the literature that these parameters are critical factors in the mechanical performance of composite materials [START_REF] Guild | Microstructural image analysis applied to fibre composite materials: a review[END_REF][START_REF] Avernus | Etude par analyse d'images de la microtexture d'un polypropylene charge fibres de verre broyees -Relation avec les proprietes du materiau[END_REF].

Nowadays, image analysis techniques are increasingly being used to determine microstructure or morphology [START_REF] Guild | Microstructural image analysis applied to fibre composite materials: a review[END_REF]. For instance, some authors have developed techniques by coupling image processing and microscopy to determine fiber length [3][4][START_REF] Carling | Fiber length distribution effects on the fracture of short-fiber compos ites[END_REF][START_REF] Ulrych | Empirical relations of the mechanical properties of polyamide 6 reinforced with short glass fibers[END_REF][START_REF] Talbot | Analyse morphologique de fibres minerales d'isolation[END_REF][START_REF] Avernus | Granulometric characterization of short fiberglass in reinforced polypropylene. Relation to processing cond山ons and mechanical properties[END_REF], or fiber orientation [START_REF] Fischer | Measuring Spatial Orientation of Short Fiber Reinforced Thermoplastics by Image Analysis[END_REF][START_REF] Toll | Microstructural characterization of injection moulded composites using image analysis[END_REF][START_REF] Clarke | Measurements of fibre direction in reinforced polymer composites[END_REF][START_REF] Averous | Determination of 3D orientations in reinforced thermoplastics, using scanning electron microscopy[END_REF][START_REF] Averous | Evolution of the three-dimensional orientation of glass fibers in injected isotactic polypropylene[END_REF]. Waterbury and Drzal [START_REF] Waterbury | Determination of fiber volume fractions by optical numeric volume fraction analysis[END_REF] determined volume fractions by image analysis and correlated these results with others obtained from the more standard method based on acid digestion. Image analysis has been used by some authors to determine dispersion [START_REF] Ess | Characterisation of dispersion in mineral filled thermoplastics compounds[END_REF]. But, most of the different approaches are to be found outside the standard literature on composites. To define the dispersion, we find in image analysis literature [START_REF] Coster | Pr如s d'analyse d'images[END_REF][START_REF] Serra | Image Analysis and Mathematical Morphology[END_REF][START_REF] Stoyan | Stochastic Geometry and its Applications[END_REF] different methods which can be adapted and applied to estimate the dispersion of multiphased systems in a plane space. In order to illustrate these estimations two methods based on mathematical morphology are pre sented: the covariogram method allows structures to be analysed; the contact distribution function were determined in order to test and estimate interparticular voids.

The principal aim of this study is to present different techniques based on image analysis that could be used to determine the morphology of fiber compbsites. Methods to determine orienta tion have been described in recent papers [START_REF] Averous | Determination of 3D orientations in reinforced thermoplastics, using scanning electron microscopy[END_REF][START_REF] Averous | Evolution of the three-dimensional orientation of glass fibers in injected isotactic polypropylene[END_REF]. So, here we focus more particularly on disper sion, which has not until now been much described in the literature. Methods and corresponding results are presented. The fiber composite selected for this study is short fiber glass reinforced polypropylene.

Preliminary Operations

2.1 PREPARATION OF MATERIALS. -Fibers and polypropylene were mixed in a co-rotatmg twin-screw extruder. The material was produced in the form of end gate injection bar with a cross section of 10 mm x 4 mm. All the different fibers used had the same diameter (14 microns). The fiber content was close to 30 wt%. Different composites (Cfg, Sfgl, Sfg2 and Pg) were produced by varying only the average fiber length. Table I lists the products with the corresponding average size of the fibers. We can see that the product Pg is quite different: the filler is close to a powder (length;::::; diameter).

The granulometric data were obtained by the processing of an automatic image analysis tech nique which were developed in the laboratory [START_REF] Avernus | Granulometric characterization of short fiberglass in reinforced polypropylene. Relation to processing cond山ons and mechanical properties[END_REF]. Fibers were spread between two glass slides and examined under a polarizing optical microscope.

For composite examination, a central cross section of the bar was cut (perpendicularly to the 叨ection sense) and carefully polished.

MICROSCOPY AND IMAGE PROCESSING. -Observations were made by scanning electronic microscopy (JEOL JSM-35CF) in backscattered electron mode. 20 kV high tension was applied. The magnification was set at x300. To obtain a better image quality avoiding electric discharges on the sample surface and reducing noise, the specimen was first coated with a thin layer of carbon [19] and a conductive silver bridge was established with its support.

The microscope set up with an acquisition system (KEVEX-Delta) provides grey level images (256 levels). Image treatments are done on a dedicated image analysis system: PC-Visilog 3.6. Electronic deformations (SEM, videocard,...) were corrected by interpolation transformations. An image size of 512 x 340 pixels was obtained (Fig. 1). Top hat transformations [START_REF] Coster | Pr如s d'analyse d'images[END_REF][START_REF] Serra | Image Analysis and Mathematical Morphology[END_REF] were carried out to clean the image. After thresholding operations, erosion/reconstruction transformations are used in order to eliminate artefacts on binary images.
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Methods of Determining Dispersion Parameters

SAMPLING MODE.

-The sampling mode for injected composites takes usually into account core and skin behaviour [START_REF] Bailey | Fibre orientation mechanisms for injection molding of long fibre composites[END_REF]. Fibers orientation states are different between central and border zones. But it is not always easy to differentiate clearly between the two types of zones by micro scopic observation. Stereological approach was used; the section under study was divided into zones of equal area. It was verified that the cross section was symmetrical about the two main axes and the investigations were then limited to a quarter of the total surface [START_REF] Avernus | Etude par analyse d'images de la microtexture d'un polypropylene charge fibres de verre broyees -Relation avec les proprietes du materiau[END_REF]. Ten different samples were taken giving four central and six border zones (see Fig. 2). For the chosen mi croscopic magnification, each 1 x 1 mm 2 sampling zone was described by one image of about 290 µm x 410 µm. 

Denoting X the analysed set, Z the frame of measurement, A[Y] the area of a set Y, and E h [Y] the eroded of set Y, the covariance function C(X, h) is obtained without edge errors from [16]:

C ( X , h) = A[E h ( X ) n E h (Z)] )] . ( 1 ) 
In practical terms for a plane space, the covariance is determined by the ratio of the area of the image eroded by h adjusted by the total area of the measure mask Z eroded by h. The covariogram is the plot of C(X, h) versus h [START_REF] Coster | Pr如s d'analyse d'images[END_REF]. It has some interesting properties [START_REF] Coster | Pr如s d'analyse d'images[END_REF][START_REF] Serra | Image Analysis and Mathematical Morphology[END_REF][START_REF] Stoyan | Stochastic Geometry and its Applications[END_REF].

The negative initial slope is equal to the average intercept number per length unit, N 1 (X). An average free interparticular distance dr, can be defined as the mean chord length (or mean free path) in the matrix [START_REF] Underwood | Quantitative Stereology[END_REF]:

df = 1 -忱(X) 凡(X) (2) 
where ½(X) is the filler volume fraction. Considering the fiber section as a disk of diameter d = 14 µm, theoretical values of df can be obtained with the stereological equation:

d� = 1 -½(X ) .. 1r 忧( X ) 4 X --d.
(3) A characteristic length scale of the structure, called the integral range, can be obtained by inte gration of C(h, X) [START_REF] Coster | Pr如s d'analyse d'images[END_REF]. For each binary image analysed, the covariogram is measured for both X and Y axes (see Fig. 3). [START_REF] Serra | Image Analysis and Mathematical Morphology[END_REF], the distance distribution function [START_REF] Jeulin | Analyse morphologique de la repartition spatiale[END_REF] or the length distribution function [START_REF] Saxl | Quantification and modelling of heterogeneous systems[END_REF]. The CDF used is based on erosions by convex structuring el ements of size r (denoted E"8). Using the measure mask theorem to get unbiased results, the contact distribution function H式r) is measured by [START_REF] Wendrock | Characterization of microstructural anisotropy of steels by means of math ematical morphology[END_REF]:

Cumulative frequency

CONTACT DISTRIBUTION (lNTERPARTICULAR DISTANCES). -Stoyan et al. [18] have de fined a contact distribution function (CDF) for measuring distances between particles. Other authors did this by using the first contact law

比(r) = 1 - A[E rB (X c )nE rB (Z)] .4.[( X c ) n P8(Z ) ]' (4) 
H s 行)is equivalent to P(l) [START_REF] Coster | Pr如s d'analyse d'images[END_REF] for linear structuring element. Changing the framework, the distribution of distances between particles (Fig. 4) with hexago nal structuring element (close to an isotropic element) was established for each binary image. A dispersion parameter, the average contact distance (d e ) is calculated from the cumulative distri bution, H s (r). It can be interpreted as an average interparticular distance between particles from border to border in all the space studied.

Results and Discussion

From covariograms for the different samples, the ratios of the integral range by the corresponding image size were presented in Ta ble II. No covariogram drift was observed. In all cases the structure analysed is smaller than the window size. From Sfg2 to Pg, the trend is a decrease of the integral range according the fiber length. Pg values are the lowest.

In Ta ble II, one can notice that dr and d e results decrease with fiber length reduction (from Sfg2 to Pg). The filler volumic fraction V v (X) was determined from the filler mass fraction, which is obtained by pyrolysis of the matrix and weighing of the fibers.

The ratio dr/d� is not equal to the unity. The determination of d� is based on a discoidal fiber section but, on the one hand, the orientation of the fibers is not parallel to the injection sense, then the fiber mark is quite elliptical (Fig. 1). Qn the other hand, we have various fiber ends on the section (proportional to the fiber length -see Pg results). So, the determination of d� cannot be totally carried out. The difference between border and centre zones is not totally clear for the different product but the trend is that interparticular distances are greater in border zones [START_REF] Avernus | Etude par analyse d'images de la microtexture d'un polypropylene charge fibres de verre broyees -Relation avec les proprietes du materiau[END_REF]. Orientation results回 for different products can show that fibers become more parallel to the direction of injection as fiber length increases. The behaviour of the fibers during the mould filling flow leads to different filler orientations between border and centre zones (skin and core behaviour). In border zones the fibers are more parallel to the flow direction. These orientations influence the dispersion parameters; the more the fibers are perpendicular to the cross section studied, the greater the 邮tances in the plane between each one (from border to border) increase.

Nevertheless, it appears that fiber lengths are not different enough to cause considerable d让ferences between the dispersion data obtained for the composites studied, particularly between Sfgl and Sfg2. Working in the plane is a limitation to the study of dispersion which should ideally be studied in three dimensions. An adequately developed model should be able to achieve this transition. But until now, to the authors'knowledge, only some preliminary investigations have been carried out for fiber composites by Pelikan et al. [START_REF] Pelikan | Germ-grain model of short-fibre composites[END_REF] without conclusive results.

Conclusion

In this paper, some different techniques for the analysis of various fiber glass reinforced polypropy lenes have been presented. They are based on image analysis coupled with microscopy. Results indicate that interesting parameters can be obtained from covariogram and contact distribution methods. Their variations correlate with fiber length evolution which itself is linked with orienta tion.

The development of a three-dimensional model based on rod particles could be an interesting way to characterize the volumic山spersion of the fillers. Appropriate mechanical models including the dispersion parameters that we have determined have to be now investigated.
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 12 Fig. 1. -Illustration of a grey level image of a polished section, with the corresponding bmary image.

Fig. 3 .

 3 Fig. 3. -Covariogram corresponding to the image in Figure 1.

  Fig. 4. -Contact distribution corresponding to the image in Figure 1. H s(r): contact distribution func tion.

Ta ble I. -Size results, average lengths for the four used materials.

  

		number weighed	mass weighed
		mean length ( µ m) mean length ( µ m)
	CFg	470	700
	SFgl	110	210
	SFg2	60	100
	Pg	14	14

Ta ble II. -Main dispersion resulls

  

		CFg	SFgl	SFg2	Pg
	Ratio integral range/frame size,	0.16	0.21	0.18	0.15
	according to X and Y axes	0.33	0.34	0.32	0.25
	Volume fraction, ½ ( X )	0.126	0.131	0.133	0.133
	Free interparticular distance,小 (µ m) 80	76	74	64
	Ratl0 df/d}	1.05	1.04	1.06	1.12
	Average contact distance, 心(µ m)	24.4	23.4	23.0	19.4