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BACKGROUND 0F INVENTION

This invention relates to composite materials, and more

particularly to selectively orienting fibers in composite

materials. This invention is the result of a contract with

05 the Department of Energy (Contract No. W-7405-ENG-36).

Composite materials are formed from two or more

materials in order to exploit characteristics of each of

the included materials. In one embodiment, elongated

"fibers" are embodied in a surrounding matrixmaterials,

10 of a viscous material or in a ceramic precursor to add

strength characteristics to the final product. The

composite material characteristics are generally isotropic

where the fibers are oriented randomly in the surrounding

matrix. However, in many applications, the desired

15 characteristics are anisotropic wherein the fibers are in a

preferred orientation.

Fiber orientations have been obtained by various

techniques. U.S. Patent 4,500,603, issued December 24,

1985, teaches an applied electromagnetic field to orient

20 fibers of selected materials. Another prior art process

provides some fiber orientation during extrusion from a

shaped die.

There have also been theoretical articles related to

the orientation of elongated particles. For example, G. K.

25 Batchelor, "The Stress Generated in a Non-Dilute Suspension

of Elongated Particles by Pure Straining Motion." 46 J.

Fluid Mech. No. 4, pp. 813-829 (1971), theorizes that

........



elongated particles in a dilute suspension tend to become

parallel to the direction of the greatest principal rate of

extension when subjected to a pure straining motion. There

is no suggestion of the application of these principles to

05 controlled fiber alignment.

E. S. G. Shaqfeh et al., "The Effect of Hydrodynamic

Interactions on the Orientation of Axisymmetric Particles

Flowing Through a Fixed Bed of Spheres or Fibers," 31 Phys.

Fluids, No. 4, pp. 728-743 (April 1988), theoretically

I0 examines the hydrodynamic interaction between a dilute

suspension of axisymmetric particles, i.e., a solution with

no hydrodynamic interaction between particles, and fixed

dilute beds of spheres and fibers. It is suggested that

the long axis of prolate particles (particles with an

15 aspect ratio > i) will tend to align with the bulk fluid

flow through the bed. It is also suggested that the same

steady state flow alignment will be obtained from the

dilute particles when a fiber bed is provided with the

fibers oriented perpendicular to the inlet flow. As used

20 herein, a dilute suspension is defined by ar24<l ,

where ar is the fiber aspect ratio (length/diameter) and

is the fiber volume concentration. Shaqfeh has no

discussion on the possible interactions in a non-dilute

concentration of fibers useful in composite materials.

25 The orientation of fibers at volume concentrations less

than 5% as a non-dilute suspension in a neutrally buoyant

suspension is discussed in Mondy et al., "Measurements of

the Viscosities of Suspensions of Oriented Rods Using

" 16 Int J. Multiphase Flow, No. 6,Falling Ball Rheometry,

30 PP 651-662 (1990). Alignment was obtained by passing a

random planar grid through the suspension along the

direction of preferred alignment and the effects of

orientation on viscosity were examined.



The problem of controlled fiber alignment in composite

materials to produce anisotropic material properties is

addressed by the present invention and a process is

provided for aligning non-dilute suspensions of fibers in

05 suspension media, including suspensions of generally

spherical particles such as ceramics.

Accordingly, it is an object of the present to provide

a method and apparatus for controlled alignment of a

non-dilute suspension of fibers in a suspension medium.

I0 Yet another object of the invention is to provide

anisotropic fiber characteristics in a suspension of

ceramic particles.

One other object of the invention is to provide a

fixture for inducing an anisotropic alignment of fibers in

15 a suspension medium.

Additional objects, advantages and novel features of

the invention will be set forth in part in the description

which follows, and in part will become apparent to those

skilled in the art upon examination of the following or may

20 be learned by practice of the invention. The objects and

advantages of the invention may be realized and attained by

means of the instrumentalities and combinations

particularly pointed out in the appended claims.

25 SUMMARY OF THE INVENTION

To achieve the foregoing and other objects, and in

accordance with the purposes of the present invention, as

embodied and broadly described herein, the invention may

comprise moving a random mesh array of at least two axially

30 spaced flow elements relative to a non-dilute suspension of

fibers in a medium, where the flow elements are

perpendicular to the direction of relative movement and the

fibers preferentially align their elongated axes with the

direction of relative movement.



BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in

and form a part of the specification, illustrate the

embodiments of the present invention and, together with the

05 description, serve to explain the principles of the

invention. In the drawings:

FIGURE 1 is a pictorial illustration of an orienting

fixture according to the present invention.

FIGURES 2A and 2B graphically depict the orientation

I0 obtained with the fixture shown in Figure 1 at two

different fiber concentrations.

FIGURE 3 is a pictorial illustration of another

embodiment of the fixture shown in Figure i.

FIGURE 4 is a pictorial illustration of a fixture for

15 continuous processing of isotropic fiber suspensions.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figure I, there is pictorially

depicted a fixture for preferentially aligning fibers in a

suspension medium for providing anisotropic behavior in the

20 resulting composite material when the suspension medium

cures or otherwise hardens. The suspension of fibers i_O0in

suspension medium 1_/2 is initially isotropic, or randomly

oriented. A grid fixture having random mesh 16 was passed

through isotropic suspension i0 in a direction parallel to

25 a desired orientation of the fibers i__44. Mesh 16 is

comprised of an axially spaced array of planar flow members

18 oriented generally perpendicular to the selected

direction of fiber i_44 orientation. As used herein,

"perpendicular" or "generally perpendicular" means ±15 °

30 from a true perpendicular direction. Mesh 16 is then moved



through suspension medium 12 in the desired direction for

the alignment of fibers i__00,I__44.After each pass through

the bulk volume, mesh 16 is rotated and again passed

through the suspension. The sequence of rotation and

05 relative movement is repeated until no further fiber

alignment is observed.

A preferred mesh has elements axially spaced along the

direction of relative movement with the distance between

adjacent elements being greater than a fiber length. The

10 exact geometry of mesh 1-6 is not otherwise critical, with

some functional design considerations discussed below. A

diameter for the flow elements of 0.25" was used to obtain

the experimental results presented below.

In a model suspension a fiber suspension was prepared

15 from fibers or rods that were 31.65 mm long x 1.596 mm

diameter of polymethyl methacrylate with a resulting aspect

ratio of about 20. Non-dilute suspensions are obtained at

fiber volume concentrations of >0.2% at these aspect

ratios. These fibers are rigid and sufficiently large that

20 Brownian effects are neglected. The fibers were neutrally

buoyant in the suspending liquid at a temperature of

20.6°C. The viscosity of the suspending fluid was 11.15

Pa.s at 20.4°C and the fluid is Newtonian for values

of shear in a range of interest. Thus, the suspending

25 fluid maintained the orientation of the fibers over long

periods of time to enable a measure of the orientation to

be obtained. The model system was varied to include

spheres with a diameter of 3.092 mm to simulate a

ceramic-like medium.

30 Yet another system was formed with carbon fibers in an

epoxy suspension. The carbon fibers were about 8 microns

in diameter and from I-i0 mm long (aspect ratios from 120
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to 1200). At these aspect ratios, non-dilute suspensions

are obtained at fiber volume concentrations much less than

1%. The epoxy system is not neutrally buoyant since the

density of the carbon fibers is about 50% greater than the

05 suspending epoxy mixture. The density match between the

carbon fibers and the epoxy fluid was still adequate to

provide for curing the epoxy before the fibers settled a

distance equal to the length of one fiber.

Table A depicts the various systems in which fiber

10 alignment was obtained by relatively moving a mesh element

through the system in accordance with the present

invention.

TABLE A

System Aspect Ratio % Sphere _ % Rods

15 1 20 0 2
2 20 0 5

3 20 30 i0

4 20 40 5

5 20 36 12

20 6 20 0 20
7 120 0 < 5

8 1200 0 < 1

Figures 2A and 2B depict the fiber alignment obtained

for non-dilute neutrally buoyant suspensions of fibers at

25 volume concentrations _5%. Systems 3, 4, and 5 were

composite systems with fibers and spheres to simulate a

ceramic system. System 6 was a relatively high

concentration system. Systems 7 and 8 were suspensions of

fiber rods in epoxy and were not neutrally buoyant. High

30 aspect ratio carbon fibers were included.
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In all systems a mesh was passed through the system a

number of times until the fibers were aligned. By

"aligned" is meant a visual indication of alignment at

least as good as for systems 1 and 2, which were

05 quantified. Figures 2A and 2B were obtained from a Fourier

transform of a high contrast digital image produced from a

photograph of the fibers in systems 1 and 2, respectively,

with the sample oriented for a view of at least I00

fibers. Figures 2A and 2B show that the fibers were

I0 generally aligned at an angle of 90 ° , i.e., ±15 ° from

the direction of motion of mesh i_66. Indeed, 95% of the

fibers are aligned in generally the same direction (±4.5

degrees).

System 6 included a fiber volume concentration of 20%

15 and appeared to represent about the highest volume

concentration that could be processed in accordance with

the present invention. The fibers tended to form mats and

be removed by the mesh at higher concentrations.

In one particular application of fiber alignment

20 discussed above, fibers may be used to improve the strength

characteristics of ceramics. However, a ceramic suspension

initially consists of a concentration of sphere-like

particles within which the fibers must be aligned.

Suspensions of spheres and fibers, systems 3-5 of Table A,

25 have been aligned using a fixture as depicted in Figure 3.

As shown in Figure 3, a staggered mesh 2_/2has flow elements

2__ depending from the fixture and perpendicular to the

direction of relative movement between flow elements 2__4and

the suspension. A staggered arrangement of flow elements

30 2__4 is desired to preclude movement of the suspension

materials with the flow elements. In all cases the fibers

were initially randomly oriented and became preferentially



oriented parallel to the direction of movement of flow

elements 24. Once alignment was achieved, the spheres tend

to maintain the fiber alignment even when the fibers

settled to the bottom of the suspension.

05 Yet other suspensions were formed with carbon fibers in

an epoxy medium, systems 7 and 8 of Table A. These

suspensions were not neutrally buoyant and contained high

aspect ratio fibers. Alignment was readily maintained

since the time required for the fibers to settle a distance

I0 equal to the length of one fiber was much greater than the

time required to carry out the alignment operation and to

cure the epoxy, i.e., the settling time was at least I0

times greater than the curing time.

The fixtures shown in Figures 1 and 3 are primarily

15 useful in batch processing of fiber and/or suspensions.

Figure 4 pictorially depicts a possible application of mesh

elements to a continuous process. A material flow 3__00of

randomly oriented fibers _ in a selected suspension is

passed through a staggered mesh array 3_44 having flow

20 elements 3_66 oriented perpendicular to the direction of

material flow 30. After passing through array 3_44,fibers

3__88are preferentially aligned perpendicular to the flow

elements 36 and along the direction of material flow 30.

The design of mesh elements 16, 2-4, and 3-6 shown in

25 Figures I, 3, and 4, respectively, includes some functional

considerations. The open spaces between mesh elements

should be large enough to allow the suspension to flow

freely through the mesh so that fibers will not be removed

from the suspension. A spacing that is greater than the

30 fiber length is generally sufficient. For example, a

spacing of five times (5x) the fiber length has been used

successfully. Mesh elements can be generally any size and



shape, but the length of the elements are preferably

greater than the fiber length.

Mesh elements are preferably arranged so that a

straight line through the mesh in the direction of relative

05 suspension movement will pass through at least one mesh

element. This requires at least two staggered layers of

elements with a spacing between layers that is greater than

the fiber length.

It will be appreciated that fiber volume concentrations

10 higher than 20 % may be obtained by removing excess

suspension medium after the fibel_ are aligned. For

example, excess epoxy might be removed through an overlying

fabric-like material to concentrate the aligned fibers in

the remaining epoxy before the epoxy has cured.

15 The foregoing description of the preferred embodiments

of the invention have been presented for purposes of

illustration and description. It is not intended to be

exhaustive or to limit the invention to the precise form

disclosed, and obviously many modifications and variations

20 are possible in light of the above teaching. The

embodiments were chosen and described in order to best

explain the principles of the invention and its practical

application to thereby enable others skilled in the art to

best utilize the invention in various embodiments and with

25 various modifications as are suited to the particular use

contemplated. It is intended that the scope of the

invention be defined by the claims appended hereto.



Ii

ABSTRACT

High strength material composite structures are formed

with oriented fibers to provide controlled anisotropic

fibers. Fibers suspended in non-dilute concentrations

05 (e.g., up to 20 volume percent for fibers having an aspect

ratio of 20) in a selected medium are oriented by moving an

axially spaced array of elements in the direction of

desired fiber alignment. The array elements are generally

perpendicular to the desired orientation. The suspension

10 medium may also include sphere-like particles where the

resulting material is a ceramic.



IS-12/91-4905

I illll, ,4 o:_
/

I 12

16 I I 16

I0

1 Fig. 3

30

32 34 J 36 38

Fig. 4





I
i

11_



I



i

i
i
i


