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. D, futzheraft:
Suktzcty Densven Wiliow FPrape lon of Apbestos Filbarg

Tuciss cuirlucted during 19)8 indiceted that the efficlenc)
ol tha Lenovan Willow in the pieparatisn of different Chrysotile
Divoien vrerbos eontddersily; pnd 1p depencent on both the fibsr
sy e Wh frrose a‘:ﬂvn. Simce wa v currently usins eix
o 1i dne wililow 2% Plant 1, and sn avereze of 18 hairpips

1.4:

it 1-:

ln the wiilowe &% our plipe plents, the atéached study wes uvnder-
trian Lo detoruing the effect of different nusbtore of hairpins
an the ..w;vrat:on of varicus Chrysotils and Blue fiberes z3 a
reesilble mzenk of insreusing thelir relatlive strength.

Th2 repgults of thia st indizate that the use of 32 hair-
rine instead of the precent 18 ig the most econonical for the
pruparation of ;ipe fibere, and that the uee of 48 hairpins in- -~
sterd of the presant six 1s the most economical for willow pre- -
pusretisne at Plant 1. Based on the improved relative strengths
obteined with incrcased prepasrestion, a szving of spproxizstely
$202,0X per yestr would be realized in pipe mznufacture, and a
ri:ving of erproximately $32,000 per year would be realiged in
the operation of No. 4 Nachine, Plant 1. Although this increased
preparastion would, to some degree, decrease filterability and
ircrosse water retention, chinges in these characteristics should
not dicstically effect machine operation.

In addition to the savings from more efficient preparation,
thiere ere indications that our fibers, on the average, have bgen
upsraded over the past several years. As a result of this up-
grading, an additional decrezse in raw material cost of approx-
imetely ¢100,000 per year would be realized in pipe manufacture,
and spproximately £11,000 per year in the operation of No. &4
Machine, Plant 1.

‘ /J_izvd,w

« A. Balone
JEK/mdt
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Subject: ‘
Denoven Willow Preparation Project 4.1.L

of Asbestos Pibers J. A. Malone

Studies ccrnducted during 1958 indicated that the efficiency
of the Denoven willow in the preparation of different Chrysotile
fibers variea considercbly, and is dependent on both the fiber
grzde and the fiber gource. In particular 1% was noted thst tha
praparction of Cajslar AK with 10 hairpina increased the relative
ctrength bty only four per cent, ulile the sa~e preparation in-
creaased the relative strength of Casslar AC and C&G 3 Ly an avercge
of 16 per cent, znd the relative strength of Bell 4K and C&G 5 by
an average of 24 per cent. Since we are ocurrently using six pinc
in the »illow 2t Plant 1. 18 pins in the willows at Plants 8 and
g, and 21 pinz in the willow at Plant 6 (see Appendix I}, it ap-
peared desirahle to investigate the effect of different numbers
of hairpins in the preparation of various Chrysotile and Blue
fiters as & possible mezna of increasing their relative etrength.

In this study of willow preparations, Cassiar fiber {grades
AC, AK, and AX), C&G fiber (grades 3, 4, and 5), Bell fiber (grades
LX and 6D), and Blue riber (BT/AC and NC-300) were chosen for teat
eg being representative of the principal asbzsstos producing areas
from which we are currently purchasing. All fibers were evaluated
for relative strength, water retention characteristics, filter-
ability, length distribution, dust content, surface area, and buoy-
ancy in the as received state, and after preparation in the Denovan
willow with 12, 24, and 48 hairpins (see Appendix II on test pro-
cedures). The results obtained are listed in Tables I and IXI, and
are shown graphically in Figures 1 through 30. All preparations
were ocarried out at the standard willow speed of 1250 revolutions
per minute and a feed rate of approximately 2000 pounds per hour,
using standard hairpins (see Note, Appendix I) which had been con-
ditioned in regular production for spproximately 120 hours.

As indicated in Pigures 1, 2, 3, and 10, the Cassiar fibers
and NC-300 Blue respond similarly to willow preparation in that
the relative strength increases rapidly up to about 24 hairpins,
reaches its maximum at about 30 hairpins, and thereafter decreases.
Reference to Figures 4 through 9 indicates that for the C&G and
Bell fibers and for BT/AC Blue, the relative strength increases
rapidly up to about 12 hairpins, and thereafter continues to 1in-

orease gradually up to 48 hairpins.

In terms of fiber filterability and water retention char-
acteristics, the following changes occur in the hairpin ranges

indicated:
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Chiysotile Flbers
Blue Fibers

Chrysotile Fibers
Blue Fibers

Chrypotile Fibara
Blue Fiders

-2-

: Average Decrease 1n Fiter Filtarability
O to 12 pins 12 ta 24 pina 28 to 36 pins 3b vo 48 pina
o ] e el

12

Vi N

15 2

Average Increase in Per Cent Hater Held after Filtration
0 to gﬁ;g!na 12 to 28 pins 20 to 36 pins 3b to 4B pina
L P 3 7

12 4 11 32

Average Increase in Per Cent Water Held after Prescinc

0 to %ﬁ pins 12 to 24 pins 28 to 30 pins 3b toc 4J pins
2 v g )

6 1 3 5

Notes zero hairpins - fiber a3 recelved

Trrough the entire range of preparation, there is a continusl
reduotion in the length of all fibers, as indicated by the Clark
Praction 1 weight per cent and the dust content, although only in
the case of the Blue fibers, and pessidbly the C&G 4 ani Bell KK, -
is the change in dust content truly significant (see Figures 11 =
through 20). Through the entire range of preparation, there is -
also a continual inorease in the opsnness of all fibers, as indi-
caged by the surface arsa and the buoyancy (see Figures 21 through
30).

A cost analysis of the relative strength results for pipe
fibers, based on the 1950 allocations (see fppendices III through
V), indicates that under the conrditions of the present study, op-
tizum operation of the Denovan willow is obtained on the average
with about 35 hairpins (see Figure 31). A cost anaslysis based on
the preliminary 1961 requirements also indicatas that optimum oper-
ation is obtained with about 35 hairpins. In actual production,
the use of 32 hairpins, with eight in each stage, would be the rost
practical, and would give essentially the same results as those ob-
tained with 35. Disregarding the effect of sluggers and hairpin
arrangement, a saving in raw material cost of approxipately $200,000
per year would result from the use of 32 hairpins instead of the
present average of about 18. Further, an additional decrezse in
raw material cost of approximately $100,000 per year would result
froa the revised relative strength values obtained in the present

gtudy.

Although the use of 32 hairpins would, to scome degree, decrease
filteratility and inoresse water retention, changes in these char-
acteristics are on the average at a minimum in the 18 to 32 pin range,
and ghould not drastiocally affect machine operation. In this regard,
it is recommended that the mumber of hairpins in the Denovan willows
be increased stepwise, by first going to 24 (with six in each stage),
and then 32 (with eight in each stags), so that the plants can be-
come accustomed to any changes in machine operation which
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imotangar . At rel) i P oneared that the willow cliges st Flunts
et & oate drllled o s mAAnet of wily pinz, rnd that conly the
w11)ov etizcd at Flant 8 are drilled for 12. 1t 16 recormeniad thst
7] piznl: proceed 2% cnce to nbtuin stages nirller to those &t
riant 8, o 1hat sdvantage can be tnken, at tha earliest postitle
dite, of the tigher relrtive gtrength valuss obteined with inirezged
flrer praprorition. The Frglpeering Departrent hiz esticnted that
etoges wivilor to thoes =z Flant 8 czn be pur-rased for ehout $535
per il3, and thar the ccnt of Ilnartzllaficn woeald be sreat §209 te

$30% per 1111,

foroot onvsis of tha rwolouive ghronzib resalvs fer B2l LY
SHTOZENY 6T, enied ¢ dme snibilainiied 105G wiige of thess fiharo
in Jpne, UAnscsptor, Sherllloxte:, nnd lunclester 6X ot Pliwt )
e Boprroihecn LTT trroarn Vil Ao olmwny groprieslly An Pizore 37
A Arziombod, mopeving 1o rav materdal cask of approvinatelv $16.007
CE® WEIU U034 rooult ired the uwee of 24 kilrpins Anstesnl ¢f the

prezznt iz, w.1le & favleg of 2poroxizitely $32.000 por yeor weuld
recalt frem the uvse of 48 btalrpin3a. Fusther, zn £4ditionzl deorease
iz raw paterizl cost of upprorimitely $£11.090 per year would result
rron the reviced relaotive atrength valuogr optaline? for Bell 4K aid
Bell €D in the present otaidy. <

Althougl the uze of 24 tc LE hairpins weould, to some degree,
Joerezze flltverorlility on? imarzage waber retenticn, ahaiges in
these charaeteriztice she2id not draatleslly aflext Dashine apsr-
ztion. In this rogord; it in recoxmended that the nusber ¢f heir-
ring in the Plant 1 willow bs incroased ctepwise, by firat go1ng to
24, and then increasing the wmurber to 32, 40, and finally 48, so
that the plant osn beccwe acoustomsd tc any changee in machine oper-

etion which might cocur,

It 2hculd be erphasized thet the present cost analyaes sre based,
in the case of pipe fibers, on the 1960 allocations and, in the case
of No. 4 Machine, Plant 1, on the snticipated 1960 usgge of Bell LK
and Bell 6D in Apac, Linabeatos, Sheetflextos, and Mcnodbestos bX. /s
the avallability of certain fiders changes, so also will the mmabsr cf
hairpins for cptimum willow operation. In conclusion, it shculd b=
eapecially emphasized that each additionsl hsirpin in the 18 to 32 pin
range represents an average £aving in pipe manufecture of sbout $14,000
per yaar, and that each additional heirpin in the six to 48 pii. rewnce
represents an average 8aving in the operation of No. 4 Rachine, Flznus
1 of sbvout $800 per year.
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NC-300
Blue

Blue

Bell 4K Bell 6D BT/AC

C&G 5

C&G 4

AK AX

AC

Casslar Casslar Casslar C&G 3

Table IV - Denovan Willow Preparations (Clark Classifier)

As Received
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Apvendlix I

Denovan Willow Pin Arrengements

Plant .1 (6 pins total)

Three halrpins in the second and fourth stages.

Plant 6 (21 pins total)

Three sluggers N the first stage, six hairpins in 2ach
of the three lowar stages.

Plant 8 (18 pins total)
Six hairpins in eazh of the fthrece lowar stazgse
Plent 9 (18 pins total}

Three sluggers in the first stuze, three hairpins in the
second stage, 81z hairpins 1n ea2ci: of the two louer stzges.

Hotes Hairpins constructed of 1 x 5/8 x 25 inch bar beni tai-
formly to 3/4 inch radius.

Sluggers constructed of 1 x 2 x 13% inch bar drilled wita one
inch hole 12 inches from end.

<
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Appendix IX

AR. C. P, A. Evaluation

In this evaluation, 150 graza test cakes containing 51 per
cent cement, 34 per cent pulverized silica, e&nd 15 per cent fiber
are prepared by mixing the dry materials with a apecified amount
of water, under controlled conditions, and filtering the resuit-
ing slurry in a Buchner funnel, The time from vacuum application
to the point where the water seal between cake and funnel is dbroken
(as indicated by a decrease in the iltering vacuum) is taken as
the filtering tire. The filtered weight is determined, the cake
pressed at 500 pounds per square inch, and the pressed weight re-
corded. The sarples are then cured for a minionm of 16 hours,
under controlled hunmidity conditions; end are finally autoclaved
for 20 hours, using saturated stea=. After curing, the cakes are
dried to constant weight and then teited in flexure. PFroa the
average dreaking load, the roinforcirg characteristics of the fiver
being evaluated, relative to standard C&G 3 as 100, are deterzinad
and expressed as relative strength.

(2) Relative Strength

The relative strength has itz application in effective-
ness of furnish calculations. These calculations can
best De 1llustrated by the following example:

The relative strength of a dleni containing 100 pounds

of Cassiar AC (relative strength 110), 500 pounds cof

C&0 4 (relative strength 80;, and 400 pounds of NC-300 Blue
(relative strength 70) is:

(100) (110) + (500) 680) + (800) {70) o 79.0

In a furnish containing 16.0 per cent of this blend,
the effectiveness of furnish would be:

(79.0) (16.0) = 1264

Recent studies have indicated that the relative strength
values obtained by the A.C.P.A. method are accurate to
within plus or minus four strength units,

(b) Piltering Time

Since the end of filtration is taken to the poilnt at
which a decrease in the filtering vacuum occurs (caused
by loss of the water seal around the oake edgej and is
not based on the time required to remove a specified
amount of water, it is dependent not only on the rate at

which water is removed from the asbestos-cement slurry,
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but 8180 on the water retuntion properties af the fiber
used, Conaequently, withcut the psr cent w2t:r ceosiplicr
after filtraticn, the filtering tice hag no czerinite
neaning.

{c¢} Filtersd Weight

The filtered weight, in tercs of the per cent uater

held after filtration, indiocsteas the wae*ar retention
properties of the fiber used. This valuae parcite an
estimate of the moicture content of the wet m2~hins

£ilm after passage over the vacuum box.

(d) Prersed Weight

Trie prenssed wvelght, in terca of the per ceoent waier lizld
after prezzing, ie an indicztion of the revistanie o
water recoval under pressure. The velue 32 a guide a3
to the molsture ceatent of the rollsi produst in wat
machine operation and as to ths relisture coentent of
preased sheeta.

Clark Clasczifier

Thne Clark classifier oonslsts of & zermlcireular tud Jilvided
into four main coxpzrim:nts, in cach ¢f which 3z 2 clrerler (oraan
driven by a geared moicr., The rir cf ench scoreen conusistt af o
brass strip which forms a ec2l by rotating retwesn the 311t elzeg
of a plese of zoft ruklbasr tibing rveunted cn the inslde of the tul,
By mesne of & conatant head box, water 18 pszeced thru the cleicl-
fier at a speoified rate. In each corpartment the iraczing watew
18 directed to the betton of the tub tv necns of & walr =ni batlie.
The consequent =stion of the water serves to kesp the filber: from
gsettling and teo prezent them regularly to the rotating screeni. To
fuarther minixize the effect of settling, eash zo=paricent i3 e~ilpped
with a water nozgle uwiileh provides =ddicvionz=l agltaticn.

In cperation, dimcs contzining 1784 inch ard 1/8 inch circular
perforations and screens of 30 and 100 zesh are employed, witk Jup-
licate runs teing rade on five gram s2aTplec., After olsapliflicition,
the individual fractions are ccllested and the welight per cent:z de-
wercined, with the dust {-~-100 mes3h raterlazl: helng crt2lnegl by 2if-
ference. Sinse the Clerk apparstus ¢lazsifies asoeriing O l2hngtin.
with the longer fibers beling held in the firct corparteent, ia gon-
eral, the higher the FPrzctlion 1 wslght perzen®, the licrger the flber.

Althcugh the Clark sleasifier recults ave raperced to the

cloegegt 0.1 per cent, differences of less than two per ecent casnct
te considered truly significznt.
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¥iber Filterzhiliiy

In the fivar filterahility test, 30 grame of fiber are stirred
with 500 rillilirerc of water ard the resulting slurry is pourcd
into & standard sieve {a 4-1/2 inch, 59 wmesh pieve is uzed for
three and four grade Jibers and Blue; on eight inzh, 60 ucah clcve
iz uzed for Plve, six, and geven grade fiberz). VWater ia then cdded
in rprzy form uwnvll & defindte liquid helight is reached, znd the
aimzer €8 seequts i deterzined for a cpesoifiel volume cof wzter ¢c
pacz thra the asventor wat. T3ing the 60 moegh cieve &8 & Hasic., the
Tibor Tiliveradilivy is czleulated 33 the ratic of the filtering tire

fromet  c emmltme 2] .7 N4 e S - Al & 4L b » .
For womitid GeT 3 Vg tre Riltering tiuz for vie flvsr bLolpg cvola-
R J R VI I R " d~ M . e VB ians OB .
NTCT, CIpTITLTa v A operennitage.  ThAp Fiboy C7lverakliiicy figac

- . SV e £ dalige : 4. da X spmhe e & 2 -
Poroive an eatiruea of e plolup rate op the et wachinz eylinier:s,
re ST T, orme, (X7 e e LTS e &S, S , G gy b Y -
T Loy fUdteriniiivy Tiguver lniieating o siewer ratz.

wnfene Ares

, Tne epparatus erpleyed for the devermination of surface eres
{epecific gurfmoe) iz u Rigden air permesctility cyastem of the type
uced oy T.R:A: in the eveluntion of textile fibers. asically,

tie cueraticn Sependn on the recistence To 2ir flov effered by &
f£iizer. vAth thils recisvanse insraszzing with cpenness and dust con-
tent and desreasing with length. JIn this recpecy, ¥hen interpreting
gurizee arek cate, the epeelfic curfesce of =z firer relotive to its -
op=nn283 MiIEt be comvidered in the 1ight of rath the dust content

and the langth. '

Bucyvansy

In the ducyancy test, wvhieh ig run in dupliocate, one gram of
fiver is nirxed with 250 ®»illilitersz of water in a mtoppersd graduate
by opsllliating 40 coaplete times in ong minute. The fiber is then
tillowed te pettle undisturbed for ons hour at the end of which time
the volums of the fiber coluwzn 18 read in millliliters. Although no
general correlations heve been establiched, this buoyancy figure, for
zn individusl fiver, is a reasonable indication of the degree of
preparation. In gemeral, ths higher the buoyancy, the more highly
prepared the fiber.

As an 2id tc the use of data obtained froxm the foregolng teste;
the folloving discussion of fiber characteristios; with reference
to their effect on preduct quality and machine cperation in the
varicus manufacturing processes, 1s ircluded: .

Achestos-Cement Pipe

In the selection of fibers for use in the manufsacture of
asbestos-cement pipe, the relative strength, average length, and
dust conten:. and the filtration and water retention oharacteristics
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ovws Thpovo wre of prasry drprrcance. 1% L3 nc:e:;nrv te voe in
Trectivor oo of Twamtan vnich BAA mect the cpecified o % rengtl
veo dsaroni m,hn4 v irp dezlivibde, Jor wurd :t,eﬁr.n, to hnve 8 long
flver end tnd o low £0%1L conent. sariher, frern the peint of ViCA
of zﬂduﬂtior rate anpi pipe loriation, Lt Js &lco denrirable to ua
fast filteving fibcrs of low witer retentdon. In this rzgerd, ex-
perienns hoe indiascsd that thic presemce o Bine fiter 2llove for
e ure of Rigoer yollop precEarcs fn the w“ni‘”'tvrr of s2bezlen-
st pips witheoul Sinterairg or defcrzing vha plps dardng tuvald-

’

rd
o

IR T S T RS
- AR ol ad :-:?‘-Ge!.'.f.\'..;'-»:‘&li;—_l.

A1

Shirxlen snd Flat Sbeots

In fro selecticn of flkers for vee in the ranufoature ef

AR VT A
f*z:gla- ant £lat cheerz, the relaotiwe strengti, swerive lenath,
an’ §a3Y rorteni; ond the ffitreticn =i voter Letantion ah&racter-

igtien cf thea fibcrm ave of nriﬁ:ry iznortance. It ig exsary to
use on effoctiveprsse of forznirch whish will moet the *pcoif¢w- strencih
recuirenonta, and 4V io dolireile oo kEove 2 loug flber end and & low
guct contant, So &% to finduise cracking in the wat ani finisphed
statez. Purther, fron the polnt of wiew of proiustion rate, 1t 1o
alee desirable to use fagt flltering fivers ef lew water retention.

In the casr of vencer furnishes; howcver, the uge of ghort, highly
cpened fikare is preferable, =2inse gsuch fikers give g more uniforn

gppearance to pressel curfaces.

. CorTugated

In the selection of fibers for use in the manufacture of cor-
rugated,; the relative strength, sverage length, dust oontent, and
water retention charzeterinstios of the fikerz are of priwary in-
po:rtance. It ier neoessary to use an effectiveneegs of furnish uwhich
will mget the specified strergth requirements, ecnd it 1s desirabls
to have & long fiber end, a low dust content, and £ relatively
hizh vater retentian in the unformed sheet =0 that oracking does not
sogcur during the foxrming operation,

Honobeatds

In the selection of fikers for use in the manufascture of
Honobestos, the average length and dust scontent; and the filtra-
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tion and water retention characteristics of the fiders are of pri-
xary importence. Fast filtering fibers of low water retention not
only increass production rates, but aleo mlnixize warpage by giving
more uniform sheet densities. Further, clthough increased length
and decreased dust content contribute towards high water retention,
they do tend to inscrease filtration rates and to minimize aracking
by providing more strength in the wet and semicured states.

Asbtestos Paper

In the selection of fibers for use in the manufacture of
asbvestos paper, the average length, dust content, and openness of
the fibers are of pripary importance. In genersl, the longer the
fibere snd the lower the dust content, the grezter the tensile,
tear, and bursting strengths and the more Flexible the paper. FPFur-
ther, although an incresce in cpesnnsss appesrs to heve & negilgible
effect on tear strength and flexibllity, it dces increase the tensils
and burating strengths. It chould de ncted, however, that increased
opennsass as well a6 increased dust content and éecreased ength, con-
tribute towards poor filtration ratee, low poresity, and poor eb-
sorption characteristics.

HMillboera

In the selection of f£ibers for use in the manufacture of FKill-
toard, the fiter reinforcement and opemnnsas, and the filltratlon and
vater retention characteristics are of primsry izportance. It is
neceseary to use a furnish whioch will meet the specified strength
requirements, and 1t is desiradle, from the point of view of pro-
duction rate and sheet formation, to use fact filltering fibers of
low water retention. Although increased cpenmuess ccntributes to-
wards better fiber reinforcexent, it also decreases filtration rates,
increases water retention, and tends to decreaze cheet density.

Sheat Packing

In the selection of fibers for use in the manufacture of
sheet packing, the average length, dust content, and cpenness
of the fibers are of primaly ibportance. In general, the longer
and more open the fikers, and the lover the dust content, the greater
the tensile strength. It should be noted, however, that with this
increase in tenmsile strength, there is also & tendency to decrease
sheet density.

€
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Appendix IXI

Allocation of Fiber for Plpe Mznufacture - 1960

Cazssiar AC 972 tons
Cassier AK 3756 tons /. L3en
Caseier AX 1776 tons ,\ gy
c&Q 3 1572 tons ¢ un
c&a & 2412 tons

@\w 4200
C&s 5 2316 tons R
Bi/AC  Blue 756G tons fw e
NC-300 Rlue 2850 tons
griqualand Blue 600 tons

Note: Blue fiver tconnage vased on 1960 contracts.

Anticipsted Ussge of Fiber ®r No. 4 Machine, Plant 1 - 1960

Bell 4K 462 tons
Bell 6D 920 tons
Bell 7D 462 tons
Bell TH 612 tons

Note: Anticipated usage based on Apac, Linabestos, Sheetflextos,
and Monobestcs OX.
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Appendixz IV

Follouwing are the relatlve strengths obtzined for ths fibers
eveluated in the present study, together with the relative strengthc
currently being used for these fibers:

g:i::?:e Relative Strength (Figures 1 throwh 10)

Strength 6 pins 12 pins 18 pins 24 pins 30 pins 36 pins 42 pinsk8p
Cassiar AC 122 -- -- 110 117 121 121 120 1)
Cassiar AK 100 -- -- 101 108 113 113 109 1%
Cassiar AX 86 - - 87 87 86 &8s SHY 8
c&G 3 105 - - 106 107 1c8 109 111 2k
c&a 4 75 - -- 80 & 81 (7 62 8
C&G 5 56 == -- 57 58 59 60 61 &
Bell 4K 76 T7 83 85 87 89 91 % 9
Bell 6D 42 ur 48 48 49 50 51 52 5
BT/AC 101 S — 103 105 107 09 111 11
NC-""Q Nc-300 62 -- -- 70 72 72 72 T2 T

Note: (1) Current relative strength for Bsll 6D based on as received
fiber; current relative strength for C%5 5 and BT/AC Blue based
on preparation with three pluggers ard 18 hairpins; current
relative strongth for 2l1l other fibers dased on preparation
with 18 hairpins,

(2) Inoresse in relative strength of Bell 6D willowed with six
hairpins results from ocurrent relative strangth dbeing based
on a3 received fiver.

Inorease in relative strength of Bell 4K willowed with 18
hairpins results from improved fiber quality. Bell 4K is now less
crudy and has a higher percentage of long end than in the past, thus
increasing ite relstive strangth.

Change in relative strengths of other fibers willlowsd with
18 hairpins results from differsnces in fidrer quality. In par-
ticular, Cassiar AC is now more crudy and has a lower percertage
of long end than in the past, thus decreasing its relative strength;
C&C 4 is lesas crudy and hag a lower dust contsnt, thus increasing
ite relative strength; KC-300 Blue is less crudy, thus increasing
its relative strength.
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