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3,328,501
EXTRUSION PROCESS F(’)R ORIENTING FIBERS
IN MOLDING MATERIAIL
Irvin Barnett, Martinsville, N.J., assignor to Johns-Man-

2

“flow” properties. This is attributable to the use of the

primary bond employed to form the mat. In subsequent
molding operations the resin material flows but the fibers
are deterred from migrating because of the locking action

ville Corporaticn, New York, N.Y., a corporation of 5 of the primary bond. Consequently, there is no uniform
New York A migration of all the constituents of the mat and the areas
Original application July 2, 1962, Ser. No, 206,587, now where mats are joined or butted together are deficient in
Patent No. 3,241,184, dated Mar. 22, 1966, Divided fibers and form undesirable channels
and this application Oct. 30, 1964, Ser. No. 467,730 It . . y . Al .
4 Claims. (Cl. 264—108) , it1s common practice to incorporate various filler matf:
10 rials in molding compounds of thermosetting plastic resin
This is a division of application Ser. No. 206,587, filed in order to produce moiding compound which not only
July 2, 1962, now U.S. Patent No. 3,241,184. This inven- possesses high mechanical strength, but also other good
tion relates to a method for preparing fiber-reinforced physical characteristics such as heat and flame resistance.
moldable material containing reinforcing fibers, from Other desirable characteristics include extended shelf life
which material plastics are made. More particularly the 15 with resulting good workability and flow characteristics.
invention relates to a method of extruding moldable ma- The term “flow” as employed here denotes the ability of
terial containing fibers into a tape. Most particularly, this the resin, fibers and fillers to migrate uniformly and to-
invention relates to a method for extruding compositions gether, as opposed to having any of the ingredients pref-
containing fibers in a particular orientation and in a par- erentially migrate in respect to the other ingredients. In
ticular manner to preferentially orient the fibers. Such 20 the past it has been acknowledged that such materials as
articles find particular adaptation in high temperature in- asbestos fibers, glass fibers, mineral wool and certain
sulation systems such as those employed in connection synthetic fibers have been used to impart reinforcing char-
with rocket missiles and other aerospace structures. In acteristics to the resinous composition. This additionally
such systems it is important that the insulating material provides greater tensile, flexural and other strength char-
be substantially homogeneous throughout its length, re- 25 acteristics to the molded article that could not be obtained
sist ablation in “chunks,” and have extended “shelf life,” in an unreinforced-plastic material.
i.e. remain plastic and easily shapable for a long time after Such molding compounds have found particular adapta-
formation. It is also highly desirable that the moldable tion in “bag molding.” In such an operation, the molding
material be in a form adapted for use with automatic o, compound is placed in an unconfined mold, the mold
equipment such as tape winders. 580 - placed within a flexible cover, and the compound caused
Heretofore, it has not been considered feasible to ex- to assume the configuration of the mold by means of a
trude fiber reinforced moldable material for it is general- pressure differential. This “bag molding” operation has
ly known that the fibers in extruded fiber reinforced prod- been used in many different applications. One particular
ucts are generally oriented in the direction of extrusion. use has been in the production of insulating material for
Such orientation of all of the fibers in a moldable mate- 52 rockets and the like.
rial is not desirable in producing tapes adapted particu- Additionally, the molding compositions used in rockets
“larly for use in ablation systems because there is little or and the like must possess other significant characteristics.
no interlock between successive ablative layers. Further- Certain parts of rockets are required to withstand very
more, as the amount of fibers is increased in such fiber 40 high temperatures. It is highly desirable that a protective
reinforced products there is more of a tendency for the liner be incorporated in the rocket in such positions as
individual fibers to separate as individual threads. Such the motor, nozzle, and nose cone mold to provide a thermal
separation produces cleavages or voids in the extruded barrier or shield wherein temperatures as high as 13,000°
product which result in a non-uniform product and one F. are encountered. In such insulation, it has been found
which loses value as an ablation material. 45 highly advantagecus to provide such a thermal barrier
In prior art processes felting and papermaking equip- which protects the surrounding surface by the process of
ment have been employed to produce moldable material ablation. Ablation, as it is used in relation to thermal
in mat form. However, there are certain disadvantages in insulation, is the absorption of heat during the process of
producing such mats. The mats are usually formed of rela- surface material removal by melting and vaporization.
tively short fiber lengths and then saturated with a resin g, The absorption causes the protective surface to remain
solution and subsequently dried to a low solvent content relatively cool. Certain reinforced plastics have been
in the range of 7 to 12 percent to produce a material hav- proven to possess excellent ablation characteristics be-
ing a precured density in the range of 50 to 60 p.c.f. The cause of the destruction of their chemical nature requiring
thickness and uniformity of mats so produced are incon- an endothermic chemical reaction. Additionally, when it
veniently limited. Addltlonally’ the amount of non-ﬁb{ OUS 55 is desirable to have resistance to physical erosion or abra-
ﬁllqrs that can be introduced into the mats is substantially sion, reinforced plastic materials are used.
limited. F prthermore, the mats are usually made of sub- Consequently, the provision of a more dense molding
stantial quths for economic reasons, WhICI.l Wldths are material in the form of a handleable tape adapted for use
not convenient for use with antomatic tape winding equip- . . I .
- - . with automatic winding equipment would represent an
ment and if cut, additional -operations and expenses are gg A . : : .
involved. ad\{ancement in the art of. moldxpg, particularly in .apph-
The moldable materials containing fibers chosen in the catlons SPCh as th?rmal insulations for rocl$et missiles
past have proven to be insufficient in several other re- and' the like. Afidltxonally, molflable tape hav1pg the fol-
spects. These. materials consist generally of a non-woven lowing properties would provide further desideratums:
felt pretreated with small amounts of binder or other gz (1) a relatively long shelf life, (2) tackiness which will
primary bond to form a rigid oriented mat. These mats are allovsg hand formation into various intricate shape:s after
processed in a normal manner which comprises impreg- relatively long periods of storage, and which will also
nating or preimpregnating the mat with a resinous mate- deter the formation of the channels between the individ-
rial, completely drying the thus treated mat and partially ual pieces, (3) adhesion to the metal surface to be pro-
curing the resin. Normally, several of these sheets are 7¢ tected, (4) physical erosion and/or abrasion resistance,

laminated to provide the desired thickness of the final
product. However, these materials have not exhibited good

(5) resistance against extreme high temperature and
flames, and (6) good material flow when finally molded.
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Accordingly, it is an object of this invention to provide
a method for extruding fiber-reinforced preform material
in a form.having extended shelf life and improved flow
characteristics.

Another object of this invention is to provide a method 5 form of extruder in which a satisfactory tape could not
for extruding fiber-reinforced molding material in tape be produced; and
form. FIG. 9 is a view similar to FIGS. 5 and 6 but showing

These objects are accomplished according to the present a form of plate. member defining a form of extrusion
invention in the following manner: passage branch that was tried but through which. satis-

A supply of fire-resistant fiber, such' as- asbestos fiber, ;o factory extruded tapes could not be produced.
together with opacifiers and refractory fillers, when de-. Referring to FIG. 1, the cone 10 to be covered and in-
sired, and a resin in solution are mixed in a suitable mixer, sulated is thereshown being wound with a tape 12 em-
such as that known as a ribbon type, until a substantially bodying this invention. The tape 12 is. preferably in roll
homogeneous mix is obtained. The resin may be a ther- form, having an expendable release sheet 14, for use with
mosetting phenol formaldehyde' condensation product 15 suitable:automatic winding mechanism (not shown) em-
preferably in the amount of 30-70 percent by weight of ployed in carrying out such operations. However, it is to
the final product. The resinous materjal is in 62 percent be understood that the tape 12 can be also used in manual
solids solution with a solvent carrier such as ethyl alco- mock-up operations.
hol. The percentage of fibers is preferably in the range of The extruding apparatus employed to produce the tape
70-30 percent by weight of the final product. When opaci- 20 12 may be observed in FIG. 4. The extruder 20 there-
fiers and/or refractory fillers are employed, they may re- shown comprises a head 22 defining a chamber 24 adapted
place a percentage of either the fibers or the resin. It to receive a supply of material 26 to be extruded and the
has been found that a composition of 45 percent phenolic expresser 28, shown to be in the form of a plunger. The
resin solids, 3 percent titanium dioxide (TiOjy) opacifier head 22 houses a nozzle 23 defining :a conduit passage
and 52 percent chrysotile fibers of grade 3R provides ex- g5 branch 30 which together with branches 31 and 34 -com-
cellent results. prise the overall extrusion: passage 29 of generally L-

The resultant putty-like mix is then dried or precured shaped configuration. The branch 30 is preferably in the
until the solvent content is reduced to 15 percent==2 per- form of a frustum :of a cone, the large base portion 32 of
cent, by dry weight, and the resin.cure is advanced to the cone being toward the expresser 28. The passage
a Chang Resin Cure Index ! of 302 in order to assure 30 branch 30 discharges into a transverse passage branch 34,
uniform- extrusion. a portion of which is in the form of a semi-oval 35, which

The mix is then extruded through a specially designed may be defined. by an insertable plate member 36. A de-
heated die extruder to control the directional orientation tachable end cap 38 is then provided to close the outer
of the fibers, preferably at a temperature of 110::5° F. plane area of the branch 34. The cap 38 and plate mem-
at a pressure of 2000==500 p.s.i. and rolled together With g5 ber 36 are secured to nozzle 23 by suitable means such as
an -expendable release sheet to prevent adjacent layers of bolts 39.
the extruded material from adhering to each other. The details of the branch 34 which defines the essential

The extruder through: which the material is extruded functional extrusion passage portion of this invention may
defines a generally L-shaped conduit passage. A first be seen in more detail in FIG. 5. The branch 34 has a gen-
pranch of the passage extending from the feed opening 40 erally semi-oval portion 35 defined by curved lines 43 and
is preferably generally a frustum of a.cone. The smaller 44, each comprising a series of successive segments of dif-
end of the frustum discharges .info a second branch of ferent curvatures, and the two series being generally sym-
generally semi-oval configuration, the plane of the semi- metrical - about a central axis 46 extending through the
oval being transverse to the axis of the frustum. The plane area of the semi-oval portion 35. The branch 34 dis-
combination of the cone frustum and transverse sem1—9val 45 charges into what may be termed a substantially rectangu-
conﬁgurgmons Qeﬁnes a sharply bent passage wherein a lar branch 40 defined by a pair of parallel sides 41 and
supstan’gxal portion of the ﬁbers are filverted‘mtq rand.om 42 tangent to the extremities of the arcuate lines 43 and
orientation and hence avoid presenting longitudinal lines 44 of the semi-oval portion 35. When the semi-oval por-
of potf:ntlal, weakness extending contmuqusly throughout tion 35 is in the form of an ellipse the preferred relation
the th}ckness and ler}gth Of. the tape ’?lelng formeld. F‘ghe 5o between the branch 34 and the discharge end 33 of the
cgndmt passage terminates dl.n a gegetrsl ty lrlect?ngtl;lar 18- cone frustum 30 is such that the focus of the semi-ellipse
% argf:. opelfnnhg corresp or;. ng f] Subs a n lf:hy £ 0 g tcon- is coincident with the center of the cone frustum end.

g;ra lon of {he Cross secuon esired in the iorme ape. In one form of apparatus that has been built and tried,

urther objects and advantages of this invention will the di

f . ; e discharge end 33 of the cone frustum passage 30 has a

appear more fully from the following description, particu- & t f %4 inch. The semi-oval portion 35 is i the
larly when considered in conjunction with the accompany- 55 flame er of 71 ch. 1he semi-ova I-f . Isin t

ing drawings in which corresponding elements in the orm of im app roximate 'serr_n-elhps_e a‘gm,g. a}feml-m ajor

various different embodiments are designated by reference axis of 2% inches, a se_ml-mlmqr axis Of. % e anc} a ter=.

numerals having the same last two digits: minal rectgngular.portlo‘n 1/2. inches wide (dimension D)

FIG. 1 is a pictorial view illustrating a cone form being and .005 inch thick (dimension C)'. Thus the space be-
wound with the moldable material of this invention; 60 tween the edge of cone frpstu-m_op SIung apd the o'ut;?r ter-

FIG. 2 is a pictorial view of a fragment of the extruded minus 37,,°f 'the semi-major axis (‘dlmens‘lon A). is in the
moldable material of this invention illustrating. the random order of %2. inch. This dunfanswn.l‘s conmderec} important
fiber orientation at one lateral face; when forming a tape Wh1c1} utilizes a -partlcular fiber

FIG. 3 is a view. of the lateral face opposite to that length for reasons to be hereinafter described.
shown in FIG, 2; 65 An exemplary procedure for carrying out the method

FIG. 4 is a pictorial view: of the extruder head assem- of the invention comprises mixing a supply of fibers such
bly of this invention; as chrysotile asbestos: fibers of commercial grade 3R or

FIG. 5 is a front elevational view of the extruder of longer, Quebec standard screen test, an opacifier such as
FIG. 4 taken along lines 5—35 illustrating in more detail titanium dioxide, and 2 phenolic resin, in-an alcohol sol-
the prefeired form of plate member defining a branch of 7o Vent 2 suitable ribbon type mixer until a substantially -
the extrusion passage; _homogeneous mix is ob’gamed. )

FIG. 6 is a view similar to FIG. 5 illustrating an alter- In forming composition tapes which are to be molded
nate form of plate member; into products which are to be subjected to erosive condi-
—THow T Determine Resin Cure by John C. H. Chang tions, it is desirable to provide a tape of maximum density.
Mo e o Apeil 1961, page 117, © o ang; o Hence, it is desirable to maintain the maximum fiber con-

4

FIG. 7 is a pictorial view illustrating a form of ex-
truder that was tried in which a satisfactory tape of mold-
able material containing fibers could not be produced;

FIG. 8 is a view similar to FIG. 7 illustrating another
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tent, since the fibers are more dense than the resin. The
fiber content is preferably in the range of 30-70 percent,
based on the dry weight. The resin content is preferably
in the range of 7030 percent, based upon the dry weight
of resin solids. The indicated percentages are expressed as
a percentage by weight of the final product. It is to be un-
derstood that resins of the elastomer modified type may be
employed. The resinous solution may be represented by a
resin such as a thermosetting phenol formaldehyde con-
densation product such as that sold under the trade name
Resinox SC-1008 by Monsanto Chemical Company. This
material contains approximately 62 percent solids, The re-
mainder of the solution preferably comprises alcohol. It
is undesirable to exceed the upper range of the resin con-
tent because a high solvent content, during the extrusion
step, results in the resin being moved or expressed at an
undesirable different rate than that at which the fibers are
expressed. It is also undesirable to go below the lower
range because the resultant product will have a reduced
“shelf life.” A reduced resin content also results in a re-
duction of the chemical constituents of the formulation
which contribute to the ablation process by virtue of their
endothermic reaction nature.

The opacifier content depends largely upon the partic-
ular opacifier chosen and the desired property in the ex-
truded product. When opacifiers are included, the fiber
content or the resin content may be correspondingly re-
duced. The opacifiers are chosen according to their “fire
retardant” characteristics. “Fire retardant” as used in this
specification is intended to include those materials or fil-
lers which although not originally fire retardant become
50 because of a chemical change when subjected to later
applied heat. The opacifiers may be of metallic type com-
bining radiation reflection and absorption, e.g., metallic
aluminum or silicon powder; or, radiation absorbing
type—e.g., carbon black or finely divided pigments such
as ilmenite, maganese oxide, or chromium oxide; or radia-
tion scattering type—e.g., zircon, titanium dioxide, or
other materials with a high index of infrared refraction.

The following is an example of a typical formulation
based on dry weight that has produced excellent results:

Percent
Resin solids (73 1bs. of resinous solution @ 60%

10

15

20

30

35

40

6

ber 36. It will be understood that the branch 34 may
also be formed in the nozzle head 23 proper and need
not be a separate plate. However, through the use of
such plates, the same extruder may be employed to ex-
trude various widths and configurations of tapes. The
plane of the semi-oval portion 35 is transverse to the axis
of the passage branch 39 so that the fibers are first di-
verted as they strike the end plate 38 and then the longer
fibers are further diverted as they strike the arcuate
sidewalls corresponding to curved lines 43 and 44 defin-
ing the semi-oval. As previously indicated, the spacing
of the restricted or discharge end 31 of the branch pas-
sage 30 in relation to the arcuate sides of the semi-
oval portion 34 is considered to be important. Prefer-
ably, the distance from the semi-major axis terminus
to the edge of the passage 30 (dimension A, in FIG. 5)
is just slightly less than the mean length of the fibers
that are being expressed and the greatest distance (dimen-
sion B, in FIG. 5) of any arcuate portion of the semi-
oval from the nearest edge of the passage hole 31 is no
greater than the longest fibers being expressed.

For example in using chrysotile fiber grade 3R wherein
56 percent of the fibers are 3¢ inch or longer, the aver-
age length is considered to be .216 inch and the longest
fiber is deemed to be 134¢ inch long, a high quality
tape 1¥4 inches wide and .005 inch thick has been ex-
truded from an extruder of this invention where the
dimension A is %2 inch, the dimension B is 19, inch,
the diameter of the discharge hole 31 is %{g inch, and
the center of the discharge hole 31 is located at the
focus of the semi-ellipse having a semi-minor axis of
% inch and a semi-major axis of 1% inches.

The product embodying the formulation and method
of extrusion of this invention has a precured or pre-
molded density of about 100 p.c.f., which is comparable
to the density of heretofore available fiber reinforced
moldable felt materials after molding at 100 p.s.i. pres-
sure.

The extruded product is withdrawn without any in-
tentional stretching in order to preserve the fiber orienta-
tion. While the exact reason is not known, the extruded
product is characterized by the fact that on one of the
lateral faces the fibers appear to be in substantial align-
ment with the direction of extrusion (FIG. 3) and that

T_sooh'ds p e]._% 100 Ibs. of product desired) - 4; 45 on the opposite lateral face the fibers appear to be in
Clh 2 Otpﬂac erd "3K webestos fiber - TTTTTTTTTTTT 52 somewhat random but transverse orientation (FIG. 2).
rysotiie grade asoestos ber o The lateral face shown in FIG. 2 was adjacent to the

The putty-like mix is then partially dried or precured to
a standard solvent content and resin cure advancement to
assure uniform extrusion and consequently uniform prod-
uct from one production run to another. The mix is pref-
erably dried so that the solvent content before extrusion is
15 percent==2 percent and the resin cured to a Chang
Resin Cure Index of 30£2.

A pug 26 of the putty-like mix is then placed into
the extruder 22 embodying this invention to preferentially
control the directional orientation of the fibers. It is
felt that for best results the extruder chamber 24 should
be heated, by any suitable and well known means and
hence not shown, to maintain a temperature in the order
of 110° F. and that the mix be expressed at a pressure
of 2000500 p.s.i.

The mix is expressed through a first and longitudinal
branch 38 of the generally L-shaped extrusion passage
which branch 38 extends in a direction corresponding to
the direction in which the expressing force or plunger
moves. A cone frustum configuration for this first pas-
sage is preferred in order to facilitate the transition from
a relatively large passage to a relatively restricted pas-
sage and to commence the orientation of the fibers in a
pattern that can be controlled.

From the relatively restricted end of the first conduit
branch the mix is expressed in a sharply bent path into
an expanded second branch 34 which branch 34 is defined
by the semi-oval portion 35 formed in the plate mem-

50

55

60

70

75

surface 51 of end cap 38 while the lateral face shown
in FIG. 3 was adjacent to the terminal face 50 of nozzle
23 as the moldable material was expressed through
branch 34.

The uni-directional fibers, aligned with the direction
of extrusion, tend to impart strength in a longitudinal
direction and consequently better handleability in the
winding operation when winding the tape in roll package
form. The random or non-uni-directional orientation is
desirable to prevent separation into longitudinal segments
during handling and after the tape is put into service,
particularly when used in ablation insulation systems to
deter formation of longitudinal incipient cracks which
lead to directional and premature deterioration. The ran-
domly oriented fibers also tend to hold the carbon char
formed during the endothermic reaction of the resinous
material until the reaction is completed and consequently
reduces the erosion rate of the ablative material. The
carbon char, which is an intermediate product of the
endothermic reaction, is one of the best transient heat
barriers known. The holding effect of the randomly
oriented fibers is pronouncedly enhanced with increased
fiber lengths.

Tests were performed on two different molding com-
positions extruded through the apparatus of this invention
and mocked up and molded at 100 p.si. to produce a
test sample block 6 inches by 6 inches by ¥4 inch. The
blocks were fastened in a holder for impingement by

Published by AsbestosClaims.Law

Extrusion process for orienting fibers in molding material (US Patent 3,328,501, 1967)
asbestosclaims.law/library/22252/6

ACL Doc 22252 - Page 6 of 8


https://asbestosclaims.law/library/22252/6

3,328,501

a flame, approximate temperature 4000° F., emitted from
an oxyacetylene torch with the distance between the tip
and the sample being 14 inches. The gas flow of the
oxygen was 2.13 c.f.m. at 60 p.s.i. and that of the acety-

lene was 1.61 c.f.m. at 15 p.s.i. For samples containing 5 form a restriction 454 between passage branches 431 and
40-45 percent phenolic resins, 3 percent titanium dioxide, 434. An advantage obtained by the provision of such re-
52-57 percent asbestos grade 3R fibers, the -ablation or striction is that the edges of the formed tape 12 are slight-
flame erosion rate was determined ‘to be 2.75 .mils per ly compressed and any tendency for feathered edges is
second. For samples containing 45-50 percent phenolic deterred.

resin, 6 percent potassium titanate, 44-49 percent asbes- 1, Having provided a complete description of the inven-
tos grade 3R fibers, the flame erosion rate was determined tion in such a manner to distinguish it from other inven-
to be 2.19 mils per second. tions and from what is old and having provided a de-

From the foregoing specification, it is apparent that scription of the preferred conditions .needed in order to
this disclosure is one of a new extruded molding material carry out the invention, the scope of the. patent fo be
and of new method for producing extruded molding ma- 15 granted is to be determined by the following claims.
terial in tape form. These new molding tapes are distin- What I claim:
guished by the fact that they possess two distinct patterns 1. A process of extruding moldable material containing
of fiber distribution. In one pattern some of the fibers fibers comprising the steps of: expressing a mixture of
are generally aligned along the longitudinal extent of the fibers and moldable compound through a first extrusion
tape, which corresponds to the direction of extrusion. This 20 passage branch into an expanded second extrusion pas-
paitern facilitates handleability. In the other pattern some sage branch transverse to said first branch, said second
of the fibers are in random. but controlled orientation passage branch having a semi-oval:-portion being defined
wherein the fibers are primarily transverse to the longitu- by arcuate sides on opposite sides of a major axis of sym-
dinal extent of the formed tape. This random and homo- metry, which arcuate sides comprise a series of successive
geneous fiber orientation imparts resistance to the molding 25 segments of different curvatures, and diverting at least
material to ablate non-uniformly in “chunks” when: em- some of the fibers by causing said material to strike said
ployed in thermal ablation systems. . arcuate sides.

It should be noted that moldable materials containing 2. A process of extrudinig moldable material containing
fibers and the compositions.described above were extruded fibers comprising the steps of: extruding a mixture of said
through extruders such as disclosed in FIGS. 7, 8 and 9 30 moldable material and.-fibers in a first direction to gen-
and that there occurred certain disadvantages. The fibers erally orient said fibers in the direction.of expression;
in the fapes extruded in such extruders were substantially further extruding said moldable material in a second di-
all aligned in the direction of extrusion and tended to rection generally transverse to said first direction, and in
separate and produce cleavages to the extent such that a passage including a semi-oval portion defined by arcuate
2 unitary tape could not be continuously extruded. Nat- 35 sidewall portions; and diverting at least a portion of said
urally, such tape could not be easily handled and has fibers, to present a combination of directionally oriented
little utility when a uniform product is desired, both from and randomly oriented fibers in a unitary form, by causing
the standpoint of appearance and other physical charac- and portion to strike said arcuate sidewall portions.
teristics such as ablation resistance. The Ilongitudinal 3. A process of extruding moldable strip material con-
alignment of -the fibers in a direction corresponding to 40 taining fibers, which material resists separation into a plu-
the direction of extrusion was somewhat expected in the rality of segments along the longitudinal extent of the
product extruded through “straight-thru” extruder nozzle fibers, comprising the steps of: mixing a supply of fibers
123 disclosed in FIG. 7 but was surprisingly unexpected together with uncured resin; forcing the resultant mix
in the product extruded through extruder: nozzle 223 dis- through an extruder first along a longitudinal path to
closed in FIG. 8. It appears that in the extruder of FIG. 8 45 unidirectionally align at least a portion- of the fibers in
the fibers were merely sharply diverted in transverse orien- a direction corresponding to said longitudinal path; fur-
tation to the longitudinal alignment produced by express- ther forcing the mix in a second path transverse to said
ing the fibers through the branch passage 230 section of first path and expanding the material in a direction cor-
the extruder. responding to the width of the product being formed, said

In FIG. 9, the enlarged branch 334 was partially de- 50 second path including a semi-oval portion defined by ar-
fined by an arcuate. sidewall 335 ‘of uniform radius .and cuate sidewall portions;: diverting at least a portion of
tangent lines 341 and 342 extending therefrom, In the the fibers from said unidirectional alignment by causing
tape extruded, splits occurred in the center portion indicat- said portion of the fibers to strike said sidewall portions;.
ing that the molding material never knitted together after and withdrawing the extruded product without substan-
“mushrooming” " at: the discharge opening, Surprisingly, 55 tially stretching the same. .
the extruder disclosed in FIG.. 9 also could not produce 4.: A process of extruding 2 homogeneous mix of mold-
a unitary tape having the fibers in the preferred orienta- able material containing fibers to preferentially orient the
tion patterns obtained in the extruder of this invention. fibers within the material comprising: expressing-a supply
Thus it appears that in order to obtain the controlled of said mix through a first .extrusion passage branch of
random orientation in an extruded molding material the 6o an extruder at a pressure :in the order of 2000 p.s.i; to
material should be expressed into an expanded extrusion orient the fibers in a first direction corresponding generally
passage branch defined by curved walls of successive seg- to the direction of expression; sharply bending said ma-
ments of different curvatures, Which curved walls diyerge terial into.a second passage branch and expanding said
from each other about the point where the material is material in a direction -transverse to the direction of ex-
1ntr0duced' into the expanded branch. It further appears 65 pression, said second passage branch having a semi-oval
that the sidewalls, such as 41 and 42, of the discharge portion defined by arcuate sidewall portions; re-orienting
opening qf the extrusion passage cannot be’ diverged in a substantial portion of the fibers in a direction generally
the direction represented by dimension D without corre- transverse to the longitudinal direction of e r; sion b
spondingly converging the said sidewalls in the direction causine said fibers t g trik id sid 1 AP s‘1o ¥
represented by . dimension. C to produce a unitary .€x- 7o ferri = s o strixe said st ewall portions; t.r ans-
truded . form of moldable material containing fibers and erring the material into a third passage branch having a -
having a randomly oriented pattern of relatively long cross-sectional con_ﬁguratlon gonformmg generally to that
fibers at one face of the produced form. . of the product desired; and discharging the moldable ma-

However, satisfactory extruded moldable tapes contain- terial.
ing fibers have been produced when the extruder disclosed 75 (References on following page)
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in FIG. 6 was used. The extruder disclosed there corre-
sponds to.that shown in FIG. 4 except that the divergent
curved lines 443 and 444 are spaced apart a distance
greater than the distance between lines 441 and 442 ‘to

Extrusion process for orienting fibers in molding material (US Patent 3,328,501, 1967)
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