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1i.

The study was undertaken basically to give impetus to
new process development in the thermosetting molding compound
industry. It is hoped that the following text shows that new
process routes to replace cumbersome, antigquated technidgues
are not unattainable, and definitely in line with the never
ceasing need to update, improve and modernize. The potential
is certainly present, pending the proper engincering approach,

and, the benefits could be substantial.
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Also typical of conventior

PREMIX MOLDING COMPOUNRDS, THE EFFECT
OF PROCESSING Ir
AND PR LNTE

ABSTRACT

Premix molding compounds, presently manufactured
in a doublz-armed blade kneader mixer, can now be pre-
pared by a new and unigue method utilizing a high speed
densifier., Compourds vrocessed in a kneader mixer, by

1.

virtue of its overlapping, shear mixing motion, are ex-
tremely susceptible te glass fiber degradation and
conseguent mechznicail strencth reductions in moldings.
Previously, as this was the only equipment available

-

with the capab

|

ity to admix highly viscous materials,

-

\f

5

processors would formulale and design to compensats Ifox

v

.

the resultant propexty redu

an inherenc materials?

propoxtionate to the

't has now hean

utilizing a Beardsley-Fiper Speed Densifier. that high

r

intengity mixing can panufacture

=
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more efficiently and an
improved product in is
accomplished centrifugally at high periphcral speads,
thus, eliminating the pronouncsd effccl of resin viscosi-

ty on cycle time and resulting in a product with minimun




I1.

INTRODUCTTON
Premix molding compounds, virtually unknown twenty
years ago, now account for twenty five percent of all
thermoset molding in the Urited States. This percentage
continually increases as new and improved resin-fillex-
fibrous reinforcement conposites are developed to meet
the specific requisites of the multitude of new appli-

cations that evolve yearly.

Since its inception, premix molding compounds have
progressed considerably by major advancements in mold
design, molding techniques, and composite formulation
experience; however, process innovations in the manu-
facture of these compounds, to date, have bean confined
primarily to minor medifications of the antiqguated,
conventional kneader type mixing equipment which has

been utilized throughout the years.

Conventional premix operations employ a kneader

mixer with either sigma or spiral blades which have the

capability tc admix highly viscous materials with glass

fibers into a homogeneous, uniform mix. In process
compounding, the raw materials are charged throughout
the mixing cycle with the last addition comprised of
the reinforcing fibers, generally glass. Mixing of
the glass fibers is quite critical because they must
be mixed long enough to insure thorough dispersion and
coverage with the other materials and, as the batch is
of a high consistency, mixing must be short enough so
that fiber degradation is minimized, conseduently, ex-
hibiting moldingg with maximum attainable mechanical

Jer mixers accomplish mixing by way

O,

strength. The knea

=
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cf a shear folding-type action which, by its very nature,
contributes to fiber degradation., After mixing, the
batch, generally in the form of a tacky, nonhandleable
mass, is usually extrudad into logs which can be cut to
a given length corresponding to the charge weight for a
subsequent molding application. In extruding these
materials, screw type as opposed to ram extruders are
generally employed, and to a degree also coentribute to
fiber degradation. This complete process technique,
aside from the normal degradation of product that is
encountered, is both cumbersome and expensive from the
standpoint of discharging product, handling product,
and cleaning the equipment between color changes when
varying color is desirable or necessitated by customer
preference.

-

This study proposes the utilization of high intensity
nixing equipment to replace the conventional kneader
masters. For a comparative invegtigabtion versus the
conventional technique a Beardsley-Piper Speed Densifier
was enployed. The depsifier accomplishes compounding
by centrifugally mixing thc various components, and
appreciably minimizes the normal fiber degradation that
is encountered while discharging a product in a more
handleable form {particulate as opposed to bulk). Previ-
ously, the Beardsley-Piper Speed Densifier has been
utilized to mull sand for castings and, in regard to
premix or thermosetting molding compounds, it has been
evaluated by some processors on a one or two attempt
cursory basis resulting in varied cpinions as to the

mexrits of this eqguipnment. Heretofore, no definitive,

A
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controlled experimentation has been performed which
conclusively demonstrates tha overall, potential bene-

fits of one process route versus another.

The following imvestigation, employing a laboratory
Beardsley-Piper Speed Densifier, is intended to demon-
strate the potential of and give impetus to the subseguent
development on a pilot and production basis of utilizing
high intensity equipment for the manufacture of premix
molding compounds. A listing including some of the pro-
posed benefits would be as follows:

4

1. An improved product by virtue of preserving
glass fiber integrity.

2. Increased prcductivity per given mixer
capacity i.e. faster cycles.

3. An improved product form, thus, minimizing
the conventional materials’ handling problem.

4. Potential Versatility - i.e. in addition to
processing premix compounds, other thermoset
compound types and forms could be manu-
factured.



PRODUCT DESCRIPTION

A premix molding compound is a homogeneous combination
of a catalyzed polyecster resin, inert fillers, and re-
inforcing fibers which finds a definite utility in molding,
under heat and pressure, many functional, complex and
intricate contours. The inherently low cost of premix,
as compared to other materials and processes available,
continues to give the impetus to the trend to improve
premix material properties for wider consideration into
applications now carried out by die-casting, sheet metal
stamping, and many other conventional systems. Premix
technigues allow for a greater variety of fibers and
fillers to be utilized in their simplest forms, thus,
enabling the rapid molding of varying wall thicknesses,
molded-in inserts, holes, slots, grooves and bosses

with a resultant cost reduction and minimum waste.

Each component of a premix compound (i.e. vresin,
filler, fiber etc.) has a definite function, and vary-
ing either their proporations or their types, exhibits
a line of compounds with & wide spectrum of maechanical,
physical and electrical properties for a multituds of
applications. In short, a premix molding compound may
be defined as being in a B-stage (thermoplastic) with
limited stability and, for final processing to the C-
stage (thermoset), the material is charged to a heated
mold under high pressure. The pressure supplies the
force enabling the material to fill the mcld cavity
while the temperature activates the catalyst which,
subsequently, cures the molded part to its final degree

of rigidity. By virtue of both its low raw material



cost and improved molding technigues which approach the
rate of die-casting, pranix has made some definite in-
roads and advancements in renlacing parts made from
metal. In many instancas, Lhrough proper design, use

of premix has enabled the production of a single molding
which previously consisted of an assembly of several

metal parts.

Typical applications for premix molding compounds
is cuptlnuallj expanding from year to vear and becoming
more diverse in regard to specific market area. Various
markets utilizing premix include the automotive, electrical,
electronic and appliance industries. The materials are
generally employed for both functional and non functional
interior as well as exterior, stqu“ural applications.

A brief listing of typical prewnix applications would
be as follows

1) automotive heat-air conditioning housings

2} autcmotive consoles

3} coil towers

4) distributor caps

5) autcmotive tail light housing

6} air-filter covers

1~=

7) electrical connectors and printed circuit boards
8) encapsulation of electrical components

9) swinming pool filter housings
10) humidifier housings

11) circuit breaker and switch-gear housings

12} timing-chzin covers

Ag previously indicated. a premix molding compound

generally contains polyestier resin, fillers, reinforcement,



catalyst, pigment and an internal mold lubricant. The

following will sexrve as & descriptive guide to the various
components such that their relative effect on product

properties and processing response can be related to

the subject of this study:

1. Resin

The polyester resins utilized in premix molding
conpounds are formed by the poly-condensation reaction
of various dibasic acids (saturated and unsaturated) and
poly-hydric alcohols. Generally, maleic anhydride,
fumaric acid, phthalic anhydride, isophthalic acid,
ethylene, propylene, diethylene and dipropylene glycols
in varying proportions are employed. Other specialty
type resins such as flame retardant are prepared by
incorporating a quantity of halogenated dibasic acids
(e.g. tetra chlorophthalic anhydride and chlorendic anhy-
dride). "Yhe resultant polyester resin solids are
extremely viscous materials and are subsequently dissolved
‘or diluted in a liguid vinyl monomer to lower the viscog-
ity and make the resin more handleable, while also pro-
viding a reactive cross linking agent enabling the rapid
curing of these systems. Typical vinyl monomers incliude
styrene, vinyl toluene and diallyl phthalate. Styrene
and vinyl toluene, due to their volatility, are more
suitable for molding compounds which are manufactured
and molded within one to two weeks. The high volatility
renders poor compound stability. Diallyl phthalate,
on the other hand is essentially non-volatile and exhibits
resultant compounds with stability upwards to six months.
However, the cost of diallyl phthalate is approximately

four times that of styrene. Therefore, styrenalted poly-



esters are generally employed by custom molders who
captively manufacture thoir own premix compounds -- typical
of the automotive companias -- while compound suppliers
utilize diallyl phthalate cut polyesters in order to
market materials with adequate stability. Those molders
whose compound requirements and types vary considerably

are not in a position to effectively and economically
manufacture their own compounds, and are restricted to

purchasing from suppliers.

In compounding for specific applicational requisites,
no one resin is ideal. Part design, service requirements,
mechanical and electrical properties must be carefully

scrutinized before a particular resin is selected.

In molding, it is the resin which nust carxy the
reinforcement and filler uniformly to all parts of the
mold. Gensrally the higher the resin viscosity the more
effectively this is accomplished. However, viscosities
‘that are too high represent both a handling and procsssing
problem. Viscosities for styrene and vinyl toluene cut
polyesters generally range from 25-35 poise with 20
poise being the maximum, useful upper-limit. As he
build-up during compeounding is directly proportional to
mix consistency, resin viscosities greater than 200 poice
are prohibitive with volatile monomers. Diallyl phthalate,
on the other hand, being non-volatile allows for the use
of higher viscosities, and can withstand the accompanying
higher procéssing temperatures without detrimental effects

.

to the product Resin viscoszities with diallyl phthalate

monomer of 2500 poise are not uncommon.



2. Fillers

The additicon to polvester resins serve
two prime purposes. One is to dry-up the resin and
yield a more handleabls product Lrom the standpoint of

the other is to primarily

a nmolding compound;
redquce the overall molding compound raw material cost.

Fillers range in price from 5.01 to $.15 per pound whereas

the resins range from $.20 to §.50 per pound. Typical

and sucoessful uyti-

f] 1. l 2rs ‘\/‘.]1"1_:{'_ C}l 'h.a.{ o

lization in

gypsun, tzic, micz,

calcium carvonats:
basically hecauvse of their low cost and satisfactony

1

Mance. Tla Fillers do exhiibilt ceritain o
erformanc Clay fillexrs do 1

such as loncer shelf life, and an imrroved surfecs appear-

ance on molding. Clay filled s

sayior resistance to degradat

LC

espacially in applicetions requirinc

temperatures. Clay, however, has a

absoxrption resulting in a rapid increase in miwx
thus, neacessitating resin contanits on the order of 20- 3%

percent. Calcium carbonstes, on the other hand, pousess

lowar oil absorptions and higher loading values

without a pronounced effect on nix viscosity. Carxbonate

)

filled systems gencrall ly contain from 20-28 pe

thus, yiziding lower raw material costs.

1

In mauny applications where flame retazrdarnce 1s a
reguiremant, aluminum hydrate fillercs ave =2noploved,

ST VU T A T
Tihit the

-

especially in instances where the economics px

use of specizlty flame resistaent resias.  Alvednms hydratc
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fillers also impert excellent elactrical properties to

premix compounds, paviicwelarly are and track resistance.

In praciice, premix formulators employ combinations
of various type fillsrs in one optimum  formulation per
application. The resultant formulation is generally a

of various fillers with widespread differences in
particle size and oil absorplion yielding a compound

hetween economics, moldability

3. §_€* nforcements

Vhen polyester

their mechanical properties ayve largely reduced, i.e.,

flexural strength,

crease while flexural

An 2 meane to inproving thesc

extremely britltle syste
deficiencies, reinforcing fibers ave ¢encrally incowpo-

rated intc the conpound. The

creacas the overall cotx
ded from these compounds. Not only dose fibrous re-

inforcomont restors &

mechanical properties
alsc cayte impact resistance wiidch is a definite ragui-

site in many applications.

Reinforcing fibers fory premxix compounds include

choppead gless, sisel, asbkoslcos, and

~

v employed, primarily becauase

1 >

th per pound of reinforcing materral

at lowest cost. Optimun performancs is obtain
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glass fibers one quarter to one half inch in length.
Fibers in this length-range exhibit efficient mixing
characteristics (rapid wot-out and coverage with fillers,
resin, etec.), and ewcellent molding properties. Theo-
retically, the mechanical properties increase with longer
fiber lengths, however, fibers in excess of one half
inch do not disperse casily during the mixing operation
and are extremely susceptible to fiber degradation;
therefore, the increased berefit of fiber length is never
obtained. 1In addition, long fiber lengths exhibit poor
moldability, espécially in applications with thin wall
sections or delicate inserts -- long fibers impede the

compound’'s flow characteristics.

i T

All glasg fibers for polyester premix compounding

are specially treated with chrome or silane finishes.

The finish enhances the wetting characteristics of
the glass, and provides for a chemical linkage between
the glass and resin.

The glass contents for premix compounds ranges
from 5 to 25 percent. An optimum range in regard to
processability, preformability (i.e. compaction) and

to flow during molding would be 18 to 22 percent.

As previously mentioned, asbestos fibers are re-
inforcing, however, their efifect on mechanical properties
is only minor. “he real importance of asbestos is
utilizing it in part with glass and the remaining resin-
filler components. It has an inherent ability to hold
the filled, composite system in homogeneity during flow

in molding. This results in part uniformity and a minimum
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of defects and cracking thuat occur when the various
components of the comnpournd separate under high heat

and pressure during flow.

4. Catalyst

The majority of premix molding compounds are
catalyzed with benzoyl peroxide. This catalyst offers
low cost and excellent performance for most applications.

B 3.

Other expensive catalyst types, such as tertiary butyl
perbenzoate and peroctoate, are used for specific, appli-
cational purposes Lo provide longer flow times and ex-
tended stability. The percoxzide catalyste employed are
activated only by the high temperatures (280-350°F) en-
countered in molding, therefore, ambient or moderately

high mold shop temperatures (90-100°F) are not detri-

mental to compound stability.

5.  Pigments
Pigments are employed in premix compounds to impart

‘a variety of colors to moldings depending upon the end-
user's preference. Black iron oxide and titanium dioxide
are most widely used. Both dry powdered pigments as well
as pigment pastes in a variety of colors are utilized.
One important precaution which must be exercised when
selecting a pigment is to insure that the pigment in
guestion remains inert when combined with the resinous
component. Many pignents contain certain metallic salts
which, when in contact with the resin, have a deleterious
effect on compound stébility and curing characteristics.
For example, carbon black inhibits the cure of polyester

esin; resultant moldings cannot cure to their final

r
degree of rigidity and maximum property levels.
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6. Lubricants

Lubricants such as zinc stearate, calciumr stearate,
aluminum palmitate, and magnesium stearate at a 0.5 to
1.5 percent level are incorporated into premix molding
compounds to provide release from the mold cavity. By
virtue of their lower specific gravities, the release
agents rise under heat and pressure forming a protective

film on the molded part which enhances mold release.

FQUIPMENT & PROCESS DESCRIPIIONS

Ag premix and related molding compounds are ex-
tremely viscous materials, the selection of suitable
equipment to efficiently manufacture them has always
been cuite limited. The following outlines both the
conventional eguipment and procedures currently employed
for premix manufacture, and also outlines the proposed

new method of manufacture:

1. Conventlional Processing

Conventional mixing eguipment utilized to manufacture
premix compounds is generally referred to as a double-
arm kneader mixer. It consists of a rectangular -
trough shaped shell equipped with two sigma or spiral
shaped blades which rotate approximately 20-35 RPM.

The blade clearance, or the distance between blade

edge and shell (mixer base) is generally maintained
between one gquarter %o three eighths of an inch. Both
blade clearance and blade RPM are critical, and are
directly related to product integrity and process
efficiency. If blade clearance is too small {(less than
%") and/or RPM is too high, resultant mixing cvcles are

too rapid, excessive heat build-up is encountered, and
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glass fiber degradation becomes more pronounced. On

-

Sl

o

the other hand, if

Tt

ada clearance is too high and/or

RPM is too low, undesirable extended mixing cycles

result, and therefore, productivity is largely reduced.

A typical procedure for compounding a premix molding

compound would consist of the following:

Process Description Time (Mins.)
For Resins
With 15-500
Pcise Vig-
cosity

Time (Mins.)
For Resins
With Viscosi-
ties Greaterx
Than 500 Poisge

1. Add all dry filler {(i.e.
clay, carbonate, lubricant, 2-5
etc.), and blend thoroughly.

2. Thoroughiy pre-mix the resin,
catalyst and pigmnents, and
then add to blended fillexrs.
Mix thorcughly until a uni-
form putty is achieved. 5~8
Note: Pre-mixing of these
three components is appli-
cable for resin viscosities
of 10-500 poise. With resins
of 500 poise viscosity ox
greater, all components must be
added separately to the Kneader
Mixer, and resultant cycles are
largely increased.

3. Add fiber glass cxr otherx
fibercus reinforcement
carefully to prevent 2-4
agglomeration and re-
sultant poor wetting
and dispersion.
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Procegs Descrintion Time (Mins.) Tiwme (Mins.)
For Resins For Resins
With 15-500 With Viscosi-
Poise Vig- ties Greater
cosity Than 500 Poise

4. Mix glass fiber thoroughly
i.e., long enough to insure
complete coverage but short
enouch to minimize fiber de-
gradation. This time ig
critical and is directly
related to moldability and
mechanical property perform- 5
ance. The optimum time
varies depending upon both
compound type and formula-
tion. It is established empiri-
cally by periodic sampling,
molding and mechanical
property evaluztions
during this time interval.

!
e
w

1
,——l
N

Typical Total Cycle Time 14-25 2247

Since the materials are extremely viscous, sub-
‘stantial heat build-up is encountered. Batch temper-
atures should not be allowed to exceed 125°F for compounds
with styrenated or vinyl toluene cut polyesters, whnile
diallyl phthalate types have a 1l60°F maximum temperature
limitation. In the case of compounds containing volatile
mononers, temperatures above 125°F cause excessive evapora-
tion and a resultant stiffness increase which affects
the compound's melding plasticity. With the non-volatile
diallyl phthalate types, the main factor is not to
partially initiate the cataelyst to prevent subsequent
stability problems. A good processing practice to

ninimize as many variables as possible is to jacket the
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mixer, and continvaily circulate tempered water (90~
.0°F) through the jzcket. This facilitates initial
compounding (prior te glass addition) and prevents the
mixer shell from becoming “too hot" during constant pro-
duction - i.e., it eliminates erratic production cycles

and batch to batch product variations.

The discharged product from the kneader mixers is
in the form of a tough, tacky, unhandleable mass whic
presents problems from the standpoint of weighing charges
alt the press during mcldinag. Therefore, to facilitate
handling many captive compounder -- molders, and all
compound suppliers extrude the premix into slugs of a
given length. The uniform slug length corresponds to
a charge weight for a given molding application. Screw
type as 0pposedrto ram type extruders are generally

employed for premix system. The screw compression ratic

T

is l:1 and, to a degree, also contributes to glasszs fiber

degradation.

The discharging and cleaning of the kneader mixer
is both costly and cumbersome. Two thirds to three
Jquarters of the batch can be discharged by rotating the
blades with the mixer tilted 90° while remaining matcrial
must literally be shoveled out by an operator. Cleaning
is extremely tTime cons um1 iy, especially between color
changes -- an operator nust clean the shell and blades

thoroughly to prevent color contamination.

2.  Proposed High JIntensity Processing

This study proposes the utilization of "high intensity”
3

mixing as a replacement: for kneader mixing, in particular a

Beardsley-Piper Speed Densifier. This unit commonly
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referred to as a spead mullor is primarily used to mull
sand for castings. It is egsentially a cylindrical
shaped vessel with & cross-head two thirds up from the
base of the vessel pivotaed on a central shaft. Attached
to the cross-head are two circular rollers which rotate
with the cross-head and also about their own axis. The
roller clearance between the walls is adjustable. Also

attached to the central shaft extending cutward along

the base of the vessel are two scraper blades. The

angle between the hase of the mixer and the scraper blades
can be varied. Mixing is achieved by the centrifugal

motion of the charged formulation between the rollers
and scraper bladeg rotating at high RPM (150-300).

The scraper blades force the raw materials at speed
between rollers where they are dispersed under high
sheaxr. Another unigue feature of this edquipment is the

method of discharging product by way of an air operated

door at the base of the mixer.

Successful compounding of premix materials cannot
be realized by utilizing the equipment as it is supplied
by the Beardesley-Piper Division, Pettibone Mullikan
Corporation, Chicago, Tllinois. The peripheral speed
of the cross-head tip (i.e. RPM per nixer diameter) is
toc high, resulting in rapid and excesgsive heat build-
up (180--210°F) which consequently causes gelation of
the product. It was found that by reducing the mixer
RPM by 30% (the diameter of the motor drive pulley was
reduced) vields an efficient and unigue processing techni-
gue for premix molding compounds -- with an acceptable

discharge temperature (125-160°F). In practice, it would
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be advisable to equipn this unit with a variable speed
drive to impért a degrso of versatility to the process.
This is especially important when considering the
wltitude of resin types and formulations which could
be processable. This wili be discussed further in the

conclusion.

A typical proczdure for the Densifier would be as

follows

Process Degcription Time {(Minutes)
1. Charge fillers, pigments,

lubricant, resin and 2~7

catalyst and mix thorcughly

2. Charge glass while mixer is
running and thoroughly dis- 3-5
perse
Total Cycle Time 5--12

The ranges in cycle times are not as dependent upon
resin content, viscosity, and glass content as is typical

‘of kneader mixing.

(’J

A compound discharged from the Densifiexr is vastly

superior to the same product discharged from a kneader
mixer. Aside from a definite reduction in cycile tine,
the Densifier exhibits:

1) high mechanical strength properties as a
result of the centrifucgal mixing which pre-
serves the glags fiber integrity and mini-
mizes degradation.

2) a more handleable product form -- particulate
as opposed to a bulk mass —-- which discharges
rapidly, and can be weighed or fed to an
extruder more readily.
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3) the pcotential to bae efficiently cleaned by
pumping a mathylene chloriae - cellulose
solution to whe unit and mixing with high
RP#M,

V. EXVERIMESTIAL PROCEDURES

To prove ox digprove the claim of improved mechanical
properties by preserving fiber integrity as well as in-
creased productivity fox the Densifier over the Kneader
mixer, controlled ilests were set up to comparatively

check these charecteristice with a series of formulations.

1. uipment

Laboratory equipment was employed for experimenting
with these mixers. A 2.5 gallon workiag capacity (154
premix) kneader mixer (J. . Day Company, Cincinnati,
Ohio) was used for coaventional processing. A 15 pound
laboratory Beardsley-Pigecr Laboratory Densifier, Model
.

L-50, was wused to demonsityate the feasibility of hich

intensity mixing.

Unfortunately, sincce the internzl mixing construction
of the Densifier is complex, laboratory models arve not

an exact geometric scale - down of producticn modols.

4

The laboratory model has only one roller and one scraper
blade, however, the mixing motion or technigue is similar
and serves to demonsirate the merits of centrifugal com-

pounding.

Sipce the facilities of Allied Chemical Corporation
were utilized for this study, the availability of a semi-
production Beardslevy-Piper Densifier, Model-400, enabled
one, 100 pound trial run to substantiate laboratory re-

sults, as well as give supporting data and peossible in-
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sights into pilot or bw‘“blon scale up.
] £ Pl

2.  Method

In planning the experiments to compare the product
integrity of the identical formulations discharged
from these mixers, it was decided that included in the
comparison should be property values that could be
obtained if no degradation was encountered. Therefore,

for most formulaticns tested, solvent compound processing

was included. For these tests the formulation was diluted

in methylene chloride and mixed with essentially no de-
gradation in a Hdbart Mixer. The resultant product was
dried on trays to remove all solvent prior to molding
for property evaluations. This, in effect, gives a
compound with no degradation and maximum utilization of
fiber integrity. Property values from solvent prepara-
tions are, in essence, "target values'" for the dry
mixing systems, and also a relative means to rating the

performance of the two mixers in question.

The following comparative tests were performed (in
all cases mixing techniqgue is as described in the Process
Description) =

a) The effect of increasing glass content (%" fibers)
on impact strength, flexural strength, and flexural modulus
for kneader, densifier, and solvent processing.

b} The effect of increasing glass fiber length (1/8",
In

%", and %") on impact strength, flexural strength and

W

flexural modulus for gpecific formulation in kneader,
densifier, and solvent processing.
c¢) The effect of resin viscosity on mixing cycle

time with a specific forxmulation for kneader and densifier
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processing.

oy §

The mixing method and cycle times per mixer type
(i.e., kneader and densifier) for experimenting and testing

of compounds processad for the "Glass Content"” and "Glass

Fiber Length" study were held constant.

For evaluating the effect of glass content on the
product properties of kneader versus densifier products,
one, typical set of formulation components were utilized.
The resin, catalyst and lubricant percentages were held
constant while the glass to filler ratio was varied to

show the effect of glass content from 0 to 20 percent.

In comparing the efifect of glass fiber length on
the properties of compounids produced by way of the two
process routes in guestion, the twenty percent formula-
tion from the glass content study was selected for expoeri-

menting. Three compounds were produced by each procesging
i 2

scheme from this basic formulation with three, convention-

11y used, glass lengths -~ 1/8", %", and %".

By trial and error techniqgues, prior to initiating
the controlled tests, a suitable and efficient mixing
cycle was established for hoth processes. It was felt
that the best approach for this type of feasibility
study of assessing the relative merits of the densifier
and projecting future benefits would be to maintain a
constant cycle time. The constant cycle time, however,
only yields results which allow the relative performance
of the two mixers to be estaklished, and cannot be
considered optimum performance with a given formulation
for either unit. In fact, with the constant cycle time

control, low glass fiber content formulations will be



22.

mixed longer than necessayy to attain wet-out and, there-

fore, exhibit some unavoidable fiber degradation.

The procedure employzad in this study for kneadexr

processing was:

Process Description Time (Minutes)
1. Charge fillers and lubricant, s

and thoroughly blend.

2. Charge pre-catalyzed resin.
Allow to mix t¢ a homogene- 7

ous paste.

3. Charge glass fibers over a one
minute interval and mix until 8

conplete fiber coverage 1is
attained.

Total Cycle Time 19

Dengifier compounds were processed in the following

mannex:

Process Description Time (Minutes)
1. Charge fillers, lubricant,
catalyst and resin. Allow 4

to mix until homogeneous.

2, Charge fiber glass and disperse
until thoroughly wet-out. 4
Total Cycle Time s

Ag the time interval between compounding and molding
was not always consistent, (i.e. one day to two weeks
maximum) a diallyl phthalate cut polyester resin was
selected for this program. The prime reason for this
selection was that diallyl phthalate, polyester premix

compounds exhibit adeguate storage stability and a
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minimal change in stiff or molding plasticity on

aging. With the time lapse between mixing and

0
b
f‘|‘
i
-
{

molding this was the only means to mininizing any
molding variables which micht have affected the results
of these evaluations. If, on the otherhand, a polyester
resin containing a volatile monomer had been employed,

a S

’_l
L.

ignificant change in compound stiffness (as a result
of monomeyr evaporation) would have occurxred; subsequently
affecting the compound's flow (molding) characteristics

and resultant mechaniczl properties.

All products discharged from the mixers were stored

at ambient temperature {(72-80°F) until molded.

All test specimens ware molded in compression
molding presces for the subscquent mechanical property
evaluationg by American Society for Testing Materials
(As214) methods. Each specimen {(flexural strength and

modulug, and izod impact) was molded at 1500 pounds perx

uare iach and 300°F for two minutes.
To demonstrate the reduced effect of viscosity on

2. o

mixing coycle ftime that is inherent in hicgh intensity

eguipnent, lthree batches wers processed in both the

i b

conventional kneudexy rnd thoe densifier with one,

specific, comprund formulation, incorporating three resins
of varied vigcosities for compavrison.  The results of

this comparigson were based cualitatively on visual in-
spection of the batceh, The end-point, in rvegard to

cycle time, was taken at one minute afler which all the
dry, uncovered glass disappaurea into the mix. Actually,
in optimization & scrieg of batches of thes same formula-

tion would be manufectured and dischzyged at progressive,

e

periodic intexvals. Mechanical properity and molding tests
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would ascertain the coptimum cycle time.

It should be noted that laboratory Densifier models
allow for visual batch inspection during process;

production models co not,

3. Fornulations

a) Pormulations for the effect of glass content
(%") on the mechanical properties for solvent, kneader,
and densifier processing:

Comoponents WEIGHT PERCENT
A B C D E

"PLASKON" Polyvester Resin 9121
Y * R 23 23 23 23 23
(400 poise, DAP monomer)

Benzoyl Peroxide - Catalyst

i 1 ] 1 1
(50% in tricresyl phosphate)
Zinc Stearate-Lubricant 1 1 1 1 1

Drikalite Calcium Carbonate -
67 62 57 52

AN
~J

Filler
Aghestos, 775 - Reinforcement 8 8 8 8 8
Owens Corrning Fiberglas -

10 15 20

o

Reinforcement (%" chopped 0

strand, 841)

100 10¢ 100 10C 100

"PLBSKON" -- Tradename Allied Chemical Corporation
b) Formulations for the effect of glass fiber

length on mechanical properties for solvent, kneader,

and densifier processing:
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Componants WEIGHT PERCENT

B G JH

" PLASKON" Polyestef Regin 9121 23 23 23
Benzoyl Peroxide 1 1 1
Zinc Stearxate 1 1 1
Calcium Carbonate 52 52 52
Asbestos 8 8 8
Glass 1/8" ‘ 15 —— -
L - 15 -
Lo | - — 15

100 100 100

¢) Formulations for the effect of resin vis-

cogity on cycle time for kneader and densifier processings

Components WEIGHT PERCENT
L J K
"PLASKON" PE-750, 1000 poise 25 - -
"PLASKON" Sl21, 400 poise - 25 -
"PLASKON" PE-336, 25 poise - - 25
" Benzoyl Peroxide 1 1 1
Calcium Carbonate 45 45 45
Asbestos 8 8 8
Glass, %" 20 20 20
100 160 100
RESULTS

The results of the controlled tests establish that
the high intensity based mixing of the Beardsley-Piper
Densifier is & vastly superior method for manufacturing
premix molding compounds. Mechanical property evaluations

indicate that the glass fibers are preserved and, while
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preserving their integrity, they impart hicher property
levels. It appeered from the mechanical property results
that the range of values obtained from a specific formula-
tion were not only significantly higher but also not as
broad as those cobserved from solvent and kneader process-—
ing. However, this observation is based only on 2

sample of ten tests per property per formulation and,

to conclusively substantiate this, more testing with a

statistical analysis would have to be performed.

Utilizing the sclvent processing technidgue to repre-
ultimate, target, zero-degradation property values
did not vrova Lo b2 as successful as was intended. The

Htainad

values obitainad wexe neither consistently nor substanti-

ally grester lhan densifier preduction and, at timag,

even knoader production. This couvld be attributed to

£ the following:

1} solvent entrainment - cauging polymer softening
or cure inhibition and resultant property
reductions.

2)  poor moldability - moximum preservation of
fiber integrity roenders a stiffer molding
compound for a2 given cowtrol formulation which,

subsedquently, does not densify properly when

molded, and yields lower property values,

NOTE: This wes evidenceaed by chacking the

flow characteristics of each compound mana-
factured. Utilizing a spiral flow mold,

which measures relative flow lengths cof various

compounds at a given temperatur {300°F) and

3 (N

transfer pressure (1500 pei), proved that the
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order of decreasing stiffness (resistance to
flow in molding) would be solvent, densifier,

and kneadexr compounds.

While impact and flexural strength evaluations
exhibit definite product improvements at all fiber
glass contents and fiber lengths, flexural modulus
(rigidity) results do not indicate any measurable

differences

The controlled tests to determine the effect of
viscosity on cycle time proved that densifier production
cut cycles by more than 60%. This represents two to
three times the output of kneader production at equiva-
lent mixer capacity for continuous production. Hence,

on a "grass roots basisgs", since kneader and densifier

units are comparably priced, the economics by way of
production capability more thar favors densifier invesht-

ment for plant improvements or new plant instzllation

As previously mentioned, the availability of a semi-
production Densifier unit enabled a 100 pound trial run.
This run exhibited a compound with pyroperties within
those ranges obtained for laboratory densifier prepa-—

rations. npressive and tensile strength properties

were also obtained on this batch, and the values compared
more than favorably with thesc ygenerally obtained with
kneader processing of a similar formulation. Besides
allowing for the observation of densifier processing on

a producticn size model, this particular trial discharged
an improved product from even that of the laboratory

densifier -— in regard to product form. As was discussed
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in the equipment description section, production
densifiers differ slighvly from laboratory models in
construction. Production wodels have two rollers and
two scraper blades; laboratory models have one of each.
Products discharged from the laboratory densifier remain
somewhat unhandleable -- similar to kneader products.
Production medels, however, it appears discharge the
product in a particulate ez opposed to bulk form. This,
in effect, yields a product which can be handled more
cconomically and rapidly, i.e. when discharging from

an extruder, or weighing uvnextruded

the mixer,
material prior Lo molding. Therefore, potential improved
& 1k

handleability represents a real, definite and substantial

The following pages will summarize categorically

the resuits of all teste thalt were perforned in thig

comparative study.
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THE BFFECT O GLASS CONTENT CON IMPACT
STRENGTH FOR VARIOUS PROCESS TECHNIQUES

- IMPACT STRENGTH, PT.-LBS.

29.

FORMULAT ION IN. NOTCH
(Refarence page 24) ASTM D 256-56 FROM VARIOQUS

PROCESSING

SOLVENT  DENSIFIER KNEADER
A, no glass 0. 40 0.40 0. 40
B, 5% glass {%") 1.80 1.50 1.20
C, 10% glass (%") 3.20 3.10 2.60
D, 15% glass (%") 32.60 3.90 2.90
E, 20% glass (%") 4.30 4.G0 3.20

NOTE: Reported values are an average of ten

tects rounded off to the nearest tenth

of a foot-pound.
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FIgUal T

THE EFFECT OF SLASS CONTENT ON IMPACT
STRENGIH FOR VAPIOUS PROCESS TECENIQUES

A. Solvent
B. Densifiex

C. EKneader

R VLU UEE S SITININ ST 4

5 10 15 20 25

Glass Content, %



31.

TARLE TT

Fs

THE EFFECT OF CGLASS CONTENT ON FLEXURAL

STRENGTH FOR VARICJS PROCESS TECHNLQUES

FORMULATION FLEXURAL STRENGTH, PSIT

(Reference page 24) ASTM D 790-58T FROM

VARIOUS PROCESSING

SOLVENT DENSIFIER KNEADER

A, no glass 7300 7500 7600
B, 5% glass (%") 9000 89200 8500
C, 0% glass (%"} 10,000 12,800 10,900
D, 15% glass (%") 12,300 14,500 12,500
E, 20% glass (%") 15,000 14,400 13,700

NOTE: Reported values are an average of ten
tests yrounded off to nearest hundred

psi.
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THE ERFFECT Q8 GLaSH CONTENT ON FLEXURAIL

STRENGTH FOR VAR

10Us PROCESS TECHNIOQUR

A. Solvent
B. Densifier

C. F¥neader
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THE EFFECT OF GLASE CONTENT ON FLEXURAL

MODULUS FOR VARIOUS IROCESS TECHNIQUES

FORMULATION FLEXURAL MODULUS, PSI x lOf6
{Reference page 24) ASTM D 7906-58T FROM VARIOUS

PROCESSING

SOLVENT DENSIFIER KNEADER

A, no glass 1.30 1.30 1.30
B, 5% glass (%") 1.70 1.75 1.50
C, 10% glass (%") 1.85 1.65 1.70
D, 15% glass (%") 2.00 2.10 1.95
E, 20% glass (%") -2.00 2.00 2.00

NOTE: Repcrted values are an average of ten
tests rounded out to the nearest fifty-

thousand psi.



TABLE IV

THE EFFFCT OF GLASS FIBER LENGTH ON IMPACT
STRENGTH FOR VARIOUS PROCESS TECHNIQUES

FORMULATI.ON IMPACT STRLENGTH, FI.-LBS.

(Reference page 25) IN. NOTCH
ASTM D 256-56 FOR VARIOUS
PROCESSING

SOLVENT DENSIFTER  KNEADER

F, 1/8" fibers 2.9 2.6 1.7
G, %" fibers 3.6 3.9 2.9
H, 4" fibers 5.3 5.4 3.5

NOTE: Reported values are an average of ten

tests rounded ofif to the nearest tenth.



THE EFFECT OF GLASS FILHER LENGTH ON IMPACT
STRENGTH FOR VARIOUS PROCESS TECHNIQUES

A. Solvent

B. Densifier

C. Xneaderx

0

Ft.-Lb
Notch

In.

Impact Strength,
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0 125 . 250 . 375 . 500

Glass Fiber Length, Inches
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LEABLE V.

THE EFFRECT OF GLALS FIBHR LENGTH ON FLEXURAL
STRENGTH FOR VARIOUS PROCESS TECHNIQUES

FPLEXURAL STRENGTH, PSI ASTM

FORMULATILON
D 790 58T FOR VARIOUS PROCESSING

(Reference page 25)

SOLVENT DENSIFTER KNEADER
13,200 12,700 10,600
14,500 12,500

F, 1/8" fibers
G, %' fibers 12,300

“r

H, %" fibers 14,200 15,800 14,100

NOTE: Reported values are an zverage of ten

tests younded off to the nearest hundred



THE EFFECT OF 5 FIBER LENGTH ON
FLEXURAL STRENGTH FOR VARIOUS PROCESS TECHNIQUES

&. Soivent
B. Densifier

18,0004 ©C- Xneader

bP5E

i,

Flexural Streng:

15,000 -4

¢, 000 1/
s L8

6,000 -

AFHRid

3,000 %

T i

!.-l
[\
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TARLE VI

THE EFFECT OF GLASS FIBIR LENGTH ON FLEXURAL

MODULUS FOR VARIOUS PROCESS TECHNIQUES

FORMUTATION FLEXURAL MODULUS, P5SI x lO~6
{Reference page 25) ASTM D 79-58T FOR VARICUS
PROCESSING

N

’ 14" fiber

SOLVENT DENSIFIER KNEADER

F, 1/8" fiber 1.75 1.55 1.50
2.00 2.10 1.95
1.90 2.00 2.00

G
H, %" fiber

NOTE ¢

Reported values are an average of ten
tests rounded out to the nearest fifty-

thousand psi.
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THE BEIFECT OF RESIN VISQOSITY ON MIXING CYCLE

TIME FOR DENSIFINR 2ND KNEADER PROCESSING

FORMULATION RESIN VISCOSITY CYCLE TIME (MINUTES)
(Reference page 25) POISH ) FOR BOTH PROCESSES

DENSIFLER KNEADER

1000 12 45
400 8 25
25 5 15

NOTE: As previcusly pointed cut, this is
basically a qualitative test based

on visual batch inspection.
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PALLE VIIT

TYPICAL MECHANICAYL PROPERTIES OF FORMULATION C
(PrGE 24) PRODUCED IN A SEMI-PRODUCTIOH

DENSIFIER UNIT, MOREL - 400 (10CH#)

Izod Impact Strength, Ft.-Lbs. 3.2 (2;5)*

In. Notch
Flexural Strength, psi 13,500 (12,000)*
Flexural Modulus, psi 2.1 x 106 (2.1 % 106)*
Tensile Strength, psi 8,800 (8000)%
Compression Strength 29,550 (30,000)*

* Typical values for Kneader production with

this formulation.



CONCLUSIONS & RECON

Beardsley--Piper processing to manufacture premix
molding compounds definitely exhibits the potential to
be an innovative, economical technigque for the thermoset
industry. Together with significantly reduced cycle
times, ease of product handling by virtue of a more
desirable product form, and the improved product in-
tegrity yields a process with favorable economics and
processing versatility, i.e., the capability to procegs

both rapidly and efficiently many diverse formulations

which are ever prevalent in the dynamic thermoset industry.

 From a manufacturing cost standpoint the following benefits

can be realized:

1} greater production capability at eguivalent
mixer capacity and ccomparable dollaxr invest-
ment ~-- two to three {times the cutput at
equal mixer ratings.

2}  dva to the high horsepower, high shear mixing,
the possibility exists to increase batch
gizaes at an eguivalent capacity rating -- there-

4

by making the ecciomics more favorable.

fw

3) an improved product form yielding reduced and
more efficient materials' handling, therefore,
reducing labor costs and overall manufacturing
costs.

ential exists

n_.-

4) production vorsatility -- the pot
to produce other themmosat compounds by applying
a combined process --- product approach to

development, i.e. balancing the formulation

variableg and process variables to yield compounds



with proper moidahility and processability.

It is recomnended that any further development with
the Beardsley-Piper bz performed in the fifty pound unit
(Model 20) equipped with & variable - speed drive for
processing versatility and latitude. This is necessi-
tated when considering that Model 20 is geometyically
similar to production units, therefore enabling a more
realistic tabulation and observation of the processing

parameters for potential scale-up.

Recommendations for further process development with
the Beardsley-Piper Speed Densifier, Model 20, would in-
clude the followings:

1) determine the optimum RPM per formulation type

(i.e. resin viscosity, resin content, glass
fiber length and content) in relation to
minimum cycle time, maximum product property
values and acceptable batch temperatures (i.e.
effect of tempervature on product stability).

2)  determine optimum batch size per formulation
type in relation tc productivity, properties,
and acceptable power requirements for mixer
size and construction.

3) explore the possibility of automating the
complete premix process --- the improved product
form allows rapid discharging of product directly
to (by way of conveyors, screw feeders or modified
hoppers) the extruding operations.

4) explore the feasibility of processing other
thermoset compounds with this mixer or other

high intensity edquipment that is available in
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the field (&.7. Phenolic, Amino, Epoxy and

Diallyl Phthalate molding compounds) .

The thermoset industry is comprised of a multitude
of complex product types and formulations within a
given type. Therefore, it is as esgentially impossible
to divorce product develcpment from process development.
Since new process development does in many cases necessi-
tate slight formulation changes, it is imperative that
thermoset process engineers have an intimate understanding
of the various formulation components and their effect on
the compound's performance in end-use applications. Ad-
herence to this philosophy, hopefully, will rendex many
a new and economical process to replace the conventional,

e

+

antiquated technigues that presently exist, impeding,

a degree, the growth potentizl of this industry.
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