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STERLING FIBERS

Guideto Processng CFF® Type V1101 Fibrill ated Fiber
For Friction Materials Production

1 INTRODUCTION

CFF® V1101 fibrill ated fiber is a high surface &ea acylic pulp engineered spedficaly as aprocessng aid
toimprovegreen strength, particleretentionand dust suppressoninfriction products. Mixing procedureiskey to fiber
opening/preform quality, and kecause of its high level of fibrill ation and fiber length, some modificaion o mixing
procedure may bedesirablefor CFFV110-1 fibrill ated fiber relativeto ather pulps. Internal testing by Sterling Fibers,
aswell asextensive aistomer evaluations over aten yea production history, demonstrate that CFFV110-1 behavesin
amanner very similar to aramid and is an econamic dternative to aramid pups.

Sterling Fibers, Inc. has carried ou an evaluation d mix quality and preform properties using CFFV110-1
fibrill ated fiber as aprocessng aid in anonasbestos organic brake formulation. The study included mixing protocol,
equipment options and the dfea of loading level for CFF V110-1 fibrill ated fiber versus aramid.

This study focused onasingle formulation wsing Littleford and Eirich mixers. It isrecognized that optimum
processng condtions and loading level are highly dependent on the spedfic formulation, as well as on avail able
production equipment, and as such must be establi shed empiricdly for ead formulation. However, the present study
will provide friction material engineas with an understanding of how CFF fibrill ated fiber responds to changes in
processng condtions and serve & auseful starting point for processengineeing studies.

Sterling is committed to a high level of technicd suppat for engineered fiber products. Welook forward to
an oppatunity to provide technicd assstancein the df edive use of CFF fibrill ated fiber for your spedfic needs.

Sterling Fibers, Inc.
5005Sterling Way
Pace FL 32571
TEL: (800 8748593
FAX: (850) 9942609

IMPORTANT NOTICE

The information and statements herein are believed to be reliable, but are not to be construed as a warranty or representation for which we asaime
legal responsibility. Users should undertake sufficient verification and testing to determine the suitability for their own perticular purpose of any
information referred to herein. NO WARRANTY OF HTNESSFOR A PARTICULAR PURPOSE ISMADE. Nothing herein isto be taken as
permisson, inducement or recommendation to pradice any patented invention without a license.
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2 SUMM ARY

The following report contains the detail s of internal testing performed by Sterling to evaluate the dry mix
performance of CFFfibrill ated fiber in nonasbestos organic (NAO) friction materials. Thiswork forms the basisfor
the following mixing guidelines, and shoud be read and thoroughly understood kefore these suggestions are gpli ed.

2.1 LITTLEFORD MIXING

1. Use Bedker type (hea disspation) plows at standard (160 rpm) speed and with abou 3/8" wall
cleaance
2. The aternating two star, two bar chopper configuration is more dfedive than a tulip chopger in

opening CFFV110-1 fibrill ated fiber. Depending onthe spedfic formulation, it may be desirableto
reducethe length of bars down to the diameter of the stars.

3. Where a formulation contains fibers which have atendency to cause balling, e.g. fiberglass it is
recommended that CFFV110-1 fibrill ated fiber be premixed with powders prior to the alditionand
post mixing of these fibers.

4, Premix time shoud be sufficient to disperse and open CFFV110-1 fibrill ated fiber. Depending on
equipment condtions this may be slightly longer than for aramid pup.
5. Post mix time, at least for mixes with low strand integrity fiberglass $ioud be kept to a minimum.

Mix buk density and preform properties deaease with additi onal post mix time. Excessve post mix
time can cause fiber balli ng.

6. At equivalent weight percent loading, mix bulk density is ©mewhat higher with CFFV110-1 fiber
than with aramid, bu preform break strength and stiff nessvalues are eou equal.

2.2 EIRICH MIXING

1. Mix and preform quality can be eguivalent to Littl eford mixes.

2. Low bowl spedl is preferred to minimize balli ng.

3. Use beveled beaer bars at high tip speed to improve fiber opening.

4, Fiber preopening in Eirich mixers appeas to improve mix quality.
3 RESULT SAND DISCUSYON - LITTLE FORD MIXER

3.1 APFROACH

Using a model formulation shown in Figure 1 containing comporents typicd of commercial non-asbestos
organic (NAO) products, a series of batches was made and evaluated to establi sh abasic mixing protocol. ThisNAO
formulation was sleded because, as hown in Figure 2, it represents a mix which is difficult to preform withou the
use of abinder fiber.

Usingthe established mixing protocol, several batchesweremadeusingalL.ittleford Model FM-130mixer, with
the spedficaions shown in Figure 3, to evaluate the dfed of plow and chopper configuration an mix quality and
preform properties. Work with the Littl eford mixer at Sterling's Stamford, CT Reseach Laboratories (now part of the
Technicd Fibers Development Center in Pace FL) was augmented by a series of triads at the Littleford Company
laboratory in Florence KY. Mixes were dso made to evaluate preform properties for a range of CFFV110-1 and
aramid pup loading levels. Thesewereinterrupted at varioustimesfor visual observation, buk density measurements,
and peform evaluation. Figures4 and 5 povide detail s of bulk density and preform preparationtesting procedures.
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Figure 1. Model NAO Formula

wit% vol% Weight (g) added to batch
Phendic Resin 17 27 3400
Fiberglass(1/8") 10 9 2000
Ebonite Dust 12 20 2400
Seamal 7 9 1400
Barytes 35 16 7000
Vermiculite 16 15 3200
Abrasive 1 0.6 200
Fibrill ated Fiber 0-4.8* 0-6.5 0, 200, 400, 600, 800*

* Other componrents of mix reduced 20% to avoid overfilli ng mixer. The standard mix
used 2wt% of fibrill ated fiber.

Figure 2. Typicd appeaance of non-asbestos preforms
with and withou pulp added as a processng aid.

Figure 3: Littleford Mixer Spedficaions

Model FM-130, 10 hpand 160rpm standard main shaft drive.
Chopper 10 hpand 3600rpm.

Fill  evel 40 - 45% after 1 minute premix with standard (2 wt% CFFV110-1) batch.
Same model mixer and tetch sizeused at Sterling and at Littleford.

Mix temperature ranged from 72to 110F with most readings at 85to 100F.
No external heaing or codling.

The mixer at Littl eford was equipped with recording temperature and pover meters.
The recording power meter for the chopper was particularly useful in that it reflected
differencesin chopper configuration.
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Figure 4: Bulk Density Measurement

Mix density can be auseful tod in establishing or monitoring NAO mix cycles, but results are highly dependent
ontednique. The following procedure is recommended:

Build arigid boxwith 6" inside edges (1/8 cu. ft. volume), preferably out of aaylic shee to observe mix
uniformity.

Using asmall cup a ladle scoopmix from mixer and sprinkle into boxfilli ng it as uniformly as
posshle.

Scrape off excessmix with a straight edge, being careful not to pad the mix.

Weigh the fill ed boximmediately and subtrad the box weight. Calculate and record the bulk density in
Ibs/fte.

Figure 5. Preform Preparation and Testing

Spread 15@ of mix evenly in a Friction Materials Standards Institute (FM SI) 728A disc pad preform
mold. Pressat 2500¢si, hdding maximum presaure for five secnds. Remove preform from nold and
record any soft edges, breakage or nonuniformity. Measure preform height immediately after molding.
Prepare & least five preforms for ead mix sample.

Allow preforms to stabili ze & ambient temperature for 18 - 24 hous before testing. Measure preform
thicknessagain.

Perform a 3-paint flexural strength test on preforms using an Instron (or equivalent) universal testing
madine & a aossheal spead o 0.1in/min. The 3-point bend fixture shoud be set to a4" span. If a
chart recorder isused, afull scdeload o 5 Ibs and chart speed of 2 in/min are suggested.

Reaord the bre&ing load (Ibs) and the preform stiff ness(Ibs/in). Preform stiff nessis cdculated from the
initial (linea) portion d the load-defledion curve.

Cdculate and record the average and confidenceinterval for breing load and stiffness The

confidenceinterval is cdculated as: t
S

X+—F—
Jn
where. X =sample aserage
t= Student'st statistic ( = 2.1for 5 measurements and a 90% confidencelevel)
s = sample standard deviation
n = number of measurements
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3.2 MIXING PROTOCOL

3.2.1 NoProcessng Aid

Figure 6 summarizes the bulk density versus mix time for a baseline batch with nofibrous processng aid.
Relative to subsequent batches, theinitial bulk density values are high bu deaease rapidly after fiberglassis added.
All samplesfell apart at preforming.

3.2.2  All Comporents Added at Start of Mix

Thesimplest mixing procedureisto addall comporentsat the beginning and mix to apredetermined end pant.
Figure 7 summarizes the bulk density and preform properties for a batch using this procedure. Relative to a
subsequently "optimized" mixing procedure discussed below, the single aldition procedure gave arapid dropin buk
density, poa preform quality and ealy onset of fiberglassballing. This procedure is not recommended, at least for
mixes containing fiberglasswith low to medium strand integrity.

3.2.3 Pre/Post Mix

For dry mix NAO formulations containing fibers which ball up onexcesdve mixing, it is common industry
pradiceto premix powders and the fibrous processng aid, then add fibers and complete mixing. Figure 8 summarizes
the results for eight batches made using the premix/post mix procedure with variationsin pre/post mix time.

For thisformulation and mixer configuration, a 3-4 minute premix was reguired to stabili ze bulk density and
preform properties with no apparent improvement or deterioration d mix quality beyond the point of stabili zation.
There was a dea deterioration o preform quality, acampanied by arapid lossof bulk density and orset of baling
during the post mix cycle. The rate of deteriorationwill depend onthe spedfic formulation, mixing equipment, batch
size and glass $rand integrity, bu as a general recommendation, past mix time shoud be minimized.

3.3 EQUIPMENT OPTIONS

The basic mixer corfiguration wsed Bedker” type plows onthe main shaft running at 160rpm. The chopper
consisted of two flat stars sparated by two 8' barsrunning at 3600rpm. The bars extended 1" past the outer diameter
of the stars. From this base, it was of interest to evaluate thances in plow type and speed, as well as chopper
configuration.

3.3.1 "V" VersusBedker Type Plows

Dueto the mnstraint of mixer design, the diff erencein plow design had to be evaluated with shortened bers.
Extension of the bars beyond the outer diameter of the stars was eliminated by cutting 1" from the ends. Figure 9
summarizestheresultsfor "V" versus Bedker plows. Whil etherewaslittl e diff erencebetween thesetwo plow designs,
the rate of fiber opening during premix and rate of deterioration o preform quality during post mix slowed relative to
the baseline using Bedker plowsandtwo 8' bars. It isof interest that Littleford engineeing personnel recommendthe
Bedker plow configuration over the"V" configurationto avoid dead spatsin production mixes.

3.3.2 Plow Sped
Plow speed was reduced by 50% to 80rpm using the standard formulawith Bedker plows and atwo star / two

long bar chopper. Thereduced plow speed resulted in poa mix uniformity during premix andinto the post mix. If for
somereasonit is necessary to reduce plow speed, chedk mix uniformity carefully. Reduction d plow/wall cleaance
can improve mix uniformity, but introduces a patential for wedging.

" Theterm "Bedker" plows s used interchangeably with "heat dissipation’ plows. The difference between
these plows is not significant for dry mix compounds runring at or close to ambient temperature.
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3.3.3 Chopper Configuration

Short vs. Long Bars: Figure 10 summarizesresultsfor aseries of batchesusing long (8") and short (6") bars.
Bulk density showed no dff erenceduring premix, but dropped more slowly during post mix with short bars. Ladk of
sensitivity during premix pantsout that bulk density may nat be asufficient criterion d mix quality. Preform strength
and stiff nesswere lower with short bars during premix, but fell off slowly during post mix. Thevisual onset of balling
was slower with short bars. It appeasthat long bars are particularly effedivein opening dass $rands, which in turn,
initi ates balli ng and lossof preform strength.

Tulip: Figure 11summarizesbulk density and preform strength resultsfor abatch madewith Bedker plowsand
atype D tulip chopper. Itisclea that preform quality is sgnificantly lower with the tulip chopper. While atulip may
reducefiber degradationin certainformulations, it isnot aseff edive & darsand barsin opening CFFV 110-1 fibrill ated
fiber.

Other corfigurations: Batcheswere made using one star / one bar, andtwo flat stars/ two bent stars (no kers).
Neither of these configurations showed sufficient improvements to warrant further evaluation.

4 RESULT SAND DISCUSSON - EIRICH MIXER

4.1 EQUIPMENT OPTIONS

Mixing studieswere dsorunat Eirich MachinesLtd.,in Maple, Ontario usingaModel RV 02laboratory mixer
andthe standard NAO formulation. Based onthe recommendations of Eirich engineeing personrel, al trialswererun
with abatch size & 50% of the mixer volume, 13rpm bowl speed and beveled beaer bars. The variablesinvestigated
included:

. Beaer bar speed

. Effed of pre-fluffing CFF V1101 fibrill ated fiber alone before alding powders

4.2 MIX QUALITY RELATIVE TO LITTLEFORD

Table | summarizes the bulk density, bresk load and stiff nessvalues for various mixing condtions using the
Eirich Rv02 mixer. Reported values are dter ten minutes premix of CFFV110-1 fibrill ated fiber with povders and
one minute dter glassfiber addition. For reference, aLittleford batch was made and parts tested using the samelot of
ead raw material.

Tablel: Bulk density (Ib/ft®) of Eirich Mixer Trials

CFF Fbrill ated Fiber Preopening
Beater bar Preform Property No Preopening Preopened 30sec
tip speal
22m/s Strength (Ib) 15 1.9
Stiff ness(lb/in) 10.9 16.5
32m/s Strength (Ib) 2.3
Stiff ness(lb/in) 20.0

NOTE: A Littleford mix from the same raw materials had a strength of 2.41b
and astiffnessof 24.31b/in.

Based onthisdata, it isconcluded that mix and preform quality obtained with the Eirich mixer can be equivalent to that

obtained with Littleford mixers. Increased beder bar tip speed andfiber pre-opening appea toimprove mix quality and
preform strength.
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Figure 6: Standard Mix, No Fibrous Processng Aid
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Figure 7: Effea of GlassAddition
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Figure 8: Premix / Postmix Trials
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Figure 9: "V" Versus Bedker-type Plows
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Figure 10: Long \s. Short Bars
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5

Figure 11 Tulip vs. 2 Star / 2 Bar Chopper

RELATIVE PERFORMANCE OF CFF V1101 FIBRILL ATED FIBER ASA PROCESSNG AID
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Thefunction d afibrousprocessng aidinadry mix NAO formulationisto improve preform quality, prevent
mix segregation and reducedust. However, because the st of pulp fiber is higher than the mmposite mix cost, it is
important that the cmpounder use only as much as required by his gedfic formulation and processng condtions.

Figures 12, 13and 14summearize the dfed of loading level through five weight percent for CFF V110-1
fibrill ated fiber andaramid pup for NAO mixes madeinthe Littl eford mixer. Inall cases, thebulk density with aramid
and with CFF V1101 fibrill ated fiber have the same arve shape. The breeking strength and stiff nessare abou the
same.

Similar comparisons have been made with mixes made in the Eirich mixer. As siown below in Table I,
preform quality with CFFV110-1 fibrill ated fiber is equivalent to aramid pup.

Tablell: Comparative Results - Eirich Mixer
Preform Property CFF V1101 Aramid
Strength (Ib) 2.3 2.2
Stiff ness(lb/in) 20.0 20.3

Figure 120 Bulk Density vs. Loading
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Figure 13: Bre&king Strength vs. Fiber Loading

Figure 14: Stiffnessvs. Fiber Loading
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