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Tedronrs 7,

RUDEAY LABORATORY
Wr. ¥, 0. Hasard
. Isdustirial Reletions Divieipr
Ovens-1114n0is Ulass Company .
Yoledon ), Onlo ) '
Dear Bill:

Herevilh e t>¢ fipal report of cur studies ooncerning
®he Capacity of Inhaled Xaylo Bust to Infure the Iung. Ve
are enclosin: four coples for distritution By you. Ome ecpy
bas deer sent %o Doctor Fhook for his (nformmticn and we are.
retaining a gopy for our ﬂ:l.u7

ot -

The results of the investicstions with animele shov that
Kayle dust %s capadle ¢f producing & peridronchiolar fidronle
t2-1cal of asdestosis. The dust also hes a 81irdtly unfavoradle
{nfluence wpon a tederculonr infeetior. Althoug' ertrapoletion
£ros arimel to Frama= experience fr difficult, mevertheless the
resclts of the study {pdicate S5t every precrution shoclé be
taXer Lo protect vorkers azainst indaling the dust. Therefors,
eontrol messures sbould be &irected to reduciag tie sscunt of
stnospteric dust, eepecially at those pointe of eperatien
vbers dust s genersted. Our zeport of May 29, 1951 concerning

the inluetrial Yygiene survey vay de of help to you in this re-
oard. 4

¥o bope to pudlied Lhis etudy elther separstely or in condina-
t1cn witl eimiler studles pertaining to ether dust. In doiar so,
Aovever, veference will da mede enly to hydrous calefum silieate
ané 3ot 0 "Kayloi? 4tus the interest of your Cowrany will Be safe-
guarded. Of ecurse the fimal masuseript will Ve forvarded to yeu
for reviev Defore deins relersed to the mtlisher. Your cormert
in this regard would sssiet us greztly L& proparing the masuseript.

T2 sudmitting \Ris final report, mey 1 express ¢ you and ethars
of the Cowpeny sur sincere spprecistion for haviag ded the privilegs
of eollaborating with the Overe-11linole Olass Company 1a the staudy

;! :qle. The eclladoration has alvays been moet pleassat and stimu-
ating.

Ny overy Yoot wish,

84{ncarely youre,

Arther J. Vorwald, N.).
. : Pireetor

0 ¢. 7. Do, N.3, '/ 6:“1““&’ ~-Sabutabio {\ ;
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TUTTETTGAYION COITTRIING UL CARACITY O INWIID IAYLO DUST

TO IWJURD THE LULG

I. TIIMMOCUCTION

In 1943 theo Owons=I1linois Glasa Cempany had developed to ths piloet
plant stage a naw loductrial product, kuown as Raylo, which could be nsed
a8 a thermal inoulating muaterinl wnd for other applicationa, According to
information supplied by tho compony, this product wos proyﬁ;ed by hoating
wdsr eshoum prasauro a suspsasion of caleivm hydroxide, silica, and cabestosn
tn form = hydratod ocalclum sillcate, Studics ot The Soranac Laboratory
chewsd that alihough the principal component of Keyle was the hydrated
caleium silicabo, semo unchanged row matorisle, including nsbestos and froe
ailieca in tho form of quartz or distemnccous sarth, woro also precent in

th2 final product, Nelere Xayle waa used cormorcially on a large scale,

v

it wes important to determine whetheor or nov euy duct liborated from this
product during manufectwre, hendling or fabricatien would bo 1likely %o
constitube & rospiratory hosard o exposod individuels, Therofore, a
comprehensivo investigeticn was undortsken in whlch the offeot of lmhzled
Raylo dust on suimals wes studied, The inveetigation wee started ia
Pobruery 1945 and wus carried om [or more than fivo ysars, it cxplored thoe
naturc of the pulmonary tisswe reaction to inhaled Kaylo dust in norwmal

animols and in aniwals herboring a tuborculous infection, In this final

report of the gtudy tho prizcipal findings given in pz971ov interim

raporta will e roviowad briefly and ihe coaclusicas derived from the

centire experimemial program will be stated,
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I, pUSToIe WAYLAIAL USTD

Tho metoricl uzed for gomeratiag atmospheric dust inm the experimontal
duzlh room was fincly~di7ided Xeylo obtained from the dust collectors ¢f tho
Borlin, New Jeorgey plant, im which Xayls is monufactured, The matorinl was
rocoived in scporate chipments, as follows:

Lot #1 » Received in Jenuary 1945,
72 e # ¥ Febyuary 1947,

{3 = " ® Jeamery 1949,

A, Compesition: The rosults of chemiccl sad petrographic analysis of a

reprosentative szspls of The material as received ab The
Scranac Laboratery, are given in tablo 1, It will be noted that the ouly
£.8beugtos minoral rovaaled by the potrographic cxaminaticn of this sampls
is chryeotile, Sinco Xaylo 15 a cczmorcial product, it is possible that
miror altcrations in composition may accur from time o tims in accordanco
vith changoa in the row matorials ussd, For oxampls, tho quartz value foy
lot 91 of Zoylo wee Joss than 1 per comt bub the quartz sontent of lota 2
end #8 was botwomm 2 Lo 5 par ceot, In the final chipment of Kayla,»rOOHiTOd
in Jeeuary 1549 emd first used in thia exporiment in SoplLexber 1943, the
asboctos component centalned bths mincral emosite as well s chrysokilo, The
fibers of awmoalin, in comperigon with thoco of shrysatila, are loss flomible
cnd hovo a hiphor iron ooutoent, lowevor, since oxperimsnis with aamimals
have shovn that both smosite and chrysotile are cepable of causing asbestosia,

r

it is wliilksly thot the substitution of the one mineral fer the othor in
Kaylo mould cauie 2 sigeiflicant chongz in the toric pruperties of the flral

procuct,

v 2 o
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D, SeRoy MTranticn studien:  The Zecay diffraction pattern of samploaz

of tar difforsnt chipmeniy of flaylo ars
showm in fig., 1, The promincnt lines present ars probebly thone of a
hydrous calcium silicatz, which ia’tho priacipal coipcnent of Kayle, Comw
paricon of patterns & and b discloses that the quertz line is stroagor in
b then in a, indicating thal the Raylo received n January 1549 has a higher
guarts content then has tho enrlior preduct, received im Jpausry 1945,
Faint linea veprosenting calcita and chrysotile arn vipible in both pattorna,
Piffraction lines produced vy esogits are also present in pattorn b

¢, Size-froquency atudies: ‘The sgize-distributiom of Kaylo dust i3 shom

vy the graph in fig, 2, Tho lines of the graph
reprossat thy parent mstorial ia the dust mochine and two camples of atmoe-
thoric duct collooted in tae dust room cn different days, A ragnificzilon
of 2Z0OX wan uzed in meldng the size-({roquency covats, It will te notad
that ebout 83 par cent of thae perticles in The parant motarial Tisible at
that neguificaticn ure emallor than 5 iicrons in sizes tho corrcaponding
wnlues for the smaples of aktmespheric duek nre 20 and 95 por zent, Tilis

o

¢ifferencs in tho o swueplos of atmespheric dust, which were derived from

the osmo porant wetovial, may hovs besn due bo the dayslc-doy wnriatica in

Lumldity insido the Aust roon,

III, REVIEY QF PREVIQUS RECORTS

During the courss of tho Invoahigation with Kayle dust livse intsrim
reports wore issucd,

The first report, datod Way 13, 1946, revesled tha® in guinea plga
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2eerd Sor 14 months to Tarlo duch Uke tizwsuwe vonelion consisted euly of

wizyossopic fecal colleetiome of dushs cells, The ozsceialed tubsrouloue
infcotion had not beoen nlterod eacugh to be of aignﬁfioanco.

Ia the gecond report, iseued on Cotober 20, 1947, 1%t was noted that
thore was no evidonoo suggesting that Kaylo dust when inhalsd into the lungs
produces pulmonary fibrosia iz rets oXposed for 18 months er in guinea pigs
exposed for 30 menthu, Thege fiandings sscmed to chow Kaylo dust to bo 2
biologically inert materiul, Ig the exporimont doaling with the offect c¢f
tho duot on a tuborculous infcctioﬁ the Tosulta wore inconclusive, iladicating
thot tho oxperimont should be repeatcd,

The third report, dated Ostaber 0, 1948, preseuted the final obaerve-
ticns on the offéct of inhaled Kaylo dust on poranl wminfected guincs pigs,
Contrary to provious teonbavivo improssions, based upon an expoours of 0
months, which suggasted Faylo dust to be isort, %he study of animals oxposed
for 36 months diascloced that Tho material is not inert but is cepobls, on
prolonged inheletion, of produsing asbostosie in guinca pigs, Howover,
noither gilicodis nor the diffuae fibrosis which 1s coused by inhialed
diatemaosous serth devoleped in the oxzposcd animals,

dated April §0, 1943, reoviowmed ino resulitsz of the

irst 8 months of a ncw experimont in which the eifeet of inhalad Hayio

f~3

dust on a tuberculous infection in guinea pigs was studieod, ilo definitely
advorsc offect of the dust on the infection during this 8.monthe poricd
was noved,

The £ifsh report, dated January 1, 1980, eupplcmentod the informnticn

giwven in the four<h report by extonding the obsarvations Lo infectsd erimals
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11 months., Tho
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WITH {AYL) LUST

IV, IEZALATION EJDERIMENT
As a soatipuation of the provious intorim rsports and as a ourmery for

this final report, a rewicw of the entiro program of ustudy is roported,

In the inhalotion experiment (Seranac Lavoratory Mo, 1012, 1100, 1104)

groups of guines plgs, rets, snd hangtors wores placsd in a cubical duct
atinospheric suepension of Keylo dust

room, 3 feebd in dimonsion, in which an
vas meintained, The room vag operated for mors then fivo years, from
Pobruary 1245 to Juus 1950, About 4£) cnimnls ware used in the erperizont
end gowe of Tham lived in ths cuct reom for au long as 3 yesrs.

Cenditicnzs of exvosure
cronted by the acticn of

by
@ coraer of The dust roonm,

The elwmorpheric suspension of Keylo dust waa
beppor, located in

ol

The dust cloud genztrated

2 hours

e poaddle that rotatad lnsids
vhiziy eoutained tho finely-divided Kaylo product,
in thie mmiaor floated oul into the roonm whors i% a3 malntained for
on five doys of ‘the woel and for 4 hours en Saﬁ réavs, At regular intwrvels

during the exporiment a fow anirals wore killed and tho tissues oxaminnd
sho

gressly end microscopically %o dotermino tho nature ead ths extent of

"0
Y

dust reactica, 13 tissue wwe 2120 caclyned charlcally to estimato tho
amount of Xaylo dust retejned in the lungs of eimals exposed for definite

perisda o timo,



Ooan wewnis of atizoepheris gsaweles eellsciad in the dust room with L.
Rideat impluger woro made rogularly, %Tha cozezntration of Yayle dust e
which the wninfaested animals ﬁare oxpesad was gonorally within th: range of
100 to 125 million particlos per cubio feot of air and the overall avorags
was liS willion, In the experiment with infsctod animols the concentration

was iigher, tha average being 205 milliom,

B, Expaeure of mminfestod animnls

Thrae coscles =« guinea plg, rat, homgter ~ wero empleyed in “hie phase
of the invustipgatica, A gummary of “he {indinss is.givcn in table 2,
(1) Cuinea pigs. At tho boginring of the oxporiment iOO weinfectod
guinee nigs wars pluced in tho duat room end € mcnths later 25

mero wera ocdled to roplaco animels that had dicd in an spidemic of acude

pnoumania,  Sinco vhis pnownonis ocourved et Shait time alco in suimals

o

axpescd to anothor dust in an adjacent voorm, the uvnfcertunete cpidsmic ™ms
comgidered aceidental, DBpidanics of whig hind, whilch cccurred occagicnally

ia exporimonto at th2t Linme, have since baem ccairollud, Croups of suinen

pige, neunlly 2 to 4 in numbor, wers killed av 2, 4, G, £, 12, 138, 21, 2%, “
.

27, 0, 3%, end U0 wontho efter ho vogimning of thoir Sxpasure So Reylo ,
Ll n

dupt ga that tha courss of tac muwlmonary recetion could be follewod,
”~

In guinca piy3 expouod for periods up to 52 wenths thore was only o
mild tissud rospenss to the inkelod Kuygo dust oud th2 ronction was limived
Lo the ascumelabion of cluwps of dustoconiaining mecrephns=y in groups of
ndioining air speses (£ig, 3), The invorveniag elveolar walls wora only

»
vy » e

alightly thiciencd by accumuliatrd lyninhecytos, 0Ozeasicnal multinuclented

[}

-
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hirztiecyton er depssition of comnnachive tiscue, A low achostosis bodics
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were sovn (fig, 4), Microgcopis gtudy of the trachcoburanchinl lymph nades,
vhich d2canmo enlarged but romained soft, rovealed clustere of inactivr dval

cclls cimilar %o thosz in the lunzy but without ashestesis bodios, IH io

pertincnt fo point cut hero thet animals exposcd to apkestes dust for a

similer emonths poriod exhibilb a ssvore #iszua ronction with tie produckina

fivrozis (fig, 5). For oscmperlson, e Laug seciionm of a normal ‘guinen ol

bl Ty

is chem (g, 6).

The 3 enirals @:poged to Ko VJo duat for more thewn 30 mentha {3 enimola

Por 35 months cnd & vaimels for 35 monihs) showed not only the lesicns Yils
these of the &D-mondhs ondmals bud alce ¢xhibiizd o trus fidrosic of o tyoo
chovactoristia of Zho recpongs of suinen 233 U inbeloed asbestes fivers,
Thig peanicn Lo o rabher 4lf0ume Gype of Dibrosis vhish Corms priact ipalioy
rewi the bronehiecles, the emall dusce frc Whish the Surminal air cnaces,
51 algocli, orizec A compard son of fig, 7 wnd fig, © rovesls who sl HORE:S SRAE

Af s tiooue reactien produced 13 tas lungz Oy ferlo dust and hy astooton
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cuss.  ihe lowicun in the frachoovrorchial Limiph nedes sha-ed ne chnozo
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amporinent vhich are oinebls fer dzloridning

in o azporincnval

ominmels, Tn fhe clreltizoous iafeot!ion cexpechizent nerncl watmals are infensod
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i abiemiatod tuberclo beoilll by
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A b

o 17 Teonaferred to che dust vocm,  Thue,

o inielation mothcd and thon arce imadie
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thie tuborculouy disanco end tha
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Lacilii ob the B, otraia have abous Hho ame dazrec of virulonce for 42
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crinea pip o3 cuecrele vacildli of

te

ke human serain navo [ov man, LU A0
posuiblo to obfein scne corvolation totween The influcnco of varioung dusts
on the Py %uborculous infection in guinea vigs ond the ¢ffact of thosa dusts
on 2 tuborculous dipcage in indugtrial workersg,
For infeoting thoe aanimnals with tuberole bacilli sn innel aticen tochuic

wan used, A glass tubo was fitted ovor tha aniwmal's nose and into tois
tubs a mugponaicn centaining a Ymowma nwerbor of htacilli of tho Rl ctrain

ar sproyced with a DeVilblas ctomizer. A8 tho animnl broathed, he inphaled
the atwospheivic cusponsion of bacilli into the lumgs, whore they bocamo

locellsed,

{1) Simmltanoous_infochion: euinea cigs_infooled at_tho timo thsir

eysBrmenesan P e T LT PR Y -y Y e s - Y

[T T -ovre 04 MO B4 WP W w2 v e ALY o

exneosure €0 _Haylo dust wes starigd, Ila the fired expoeriment in
wale animelns wore Infootod writh tuborclo tacilli at the timo that their

& P 73 - 3 > .
sxposvre to Keylo duct was ssarted (vakle 3), 25 puineo sigs were usad bus

8]

n -oidenic of pnewnonia during the first 10 nonths roduvired to 16 the aunbar

of awnls availabla for study, Two of theso died aw I mouths, spparsatly

s
e

51

a

rem pregresalve tuberculocia, mnd 2 ctusrs disa freom unldetormined cancay,
but et {rza tubereviosic, In the rimafaiog 12 onimsles the courzs of taz
wedsveulous digeasa vas folloved by billing 1 o 2 animals st ), 8

153, 13, oand 24 montha oftsr infectior, In 11 of tha 12 amimals the lscione

wore jgolzted, encapsulated, end regressing; in the ramaining animal, -mich

was killed ad 1D months, tho losiens vrers widesnread throvchout the lvag
hut fibrosia had beon produced, which indicated o tendency vo heal, Ta on
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Pacipn She cource of this onpryimoat 3 onimcls varo killad st tho o
of The prelindnery 3 menths duating pcvicd, They chemzd enly en oscasionnl
cluap of ¢ugh pbogacybes vithin tho alvsolar spuces, Of “ha duzted and
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Principal chryootila linn

Principal quarts lian

Principal calcito line

Principal celeite lino
Principal quartz line

Principnl chrynsotile limn

Fig, 1

XeRAY DTFFRACTION PATTERY OF KAYLO

a, Eaylo dust recoived in Jenuery 1546,
b, Zaylo dust received in January 1949,
Both patterns centeln lines which represent a noderate czowt
of chrysobile and of caloite and & small amount of quartz, Fain®
lines raprasenting vhat 18 probadly the hydrous calciva siliecnle
ccmponcnt of Xeylo are also prosant inm toth patierns., In additicn,
the original f£ilm of pattern b containa a very weal lime corresponding
to amogito but the lins ig tco faint to appear in the rcoreducod pattern,
The quartz contant indicated by paticrn a is losg than ) per cont

end by pattarn b, sbout 4 por csat,
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¥e truosmit harevith our NINTE PRCOESSS RIPCRY
0% STUDIF3 OF ZAYLO, This repart GOvers ths firat phase
af cur investigaticn cn deterxining the possibility of

roplacinz part ar 8ll af thy asbostcs in Xaylo by psper

ulp,

com——

Vhile car provicas investigatlicns ca the use
©of papar pulp Vere oxploretcory in mature and cooentrated
an the ropilacement of "spiculsted” asbestcs, cir present
investigaticn takes into aoscunt the present plaat precs
tice.and scpinsises replaceomsnt of asbestcs in & manner
which yould agcessitate no change in plant procedure
and as little changs in datsh Sformulation &8 poesibls,

At this time it csn be reported that fram a

!

R N e —-

strength paint of viev Kruft pulp can bo used as a ‘
satisfactory substitute for Chrysotile &sbestcs, 1f scme i
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G nmms KEP(RT Cf TEX FUNDAKERTAL STUDY OF NICRCPCRITE,
' of.Marsh 27, 1946, We established the fasct that paper ;
: pnlp ean be ued mcocn:uny as 8 substitute for "sple ] .
cuht-d' 2obestos. The pressnt asdestos shortsge srnn;
£ wmud the intersat in this pousibility from & mo-
; tisal point of viev. Acoordingly, thy presant study was |’ -
r inttisted in arder to iavestipgate the poesibllities of '
‘partul o total substitutien ¢l asbestos by paper pulp |-
I"from & technological and esacmiosl polnt of viev. a
l;'.ﬁ';. ' Binse frau a morely sslos paint of viov there
{mmy o & resistansp tovards tho inslusicn of an arganie |
: mterisl in Kaylo, 1t is assumsd that the mss of paper -
| pulp 1s ocatezplatsd ss & substitute caly vhen and if
: tho emcant of suitsdls asbestos grades available are iR |
mufficient. Acccndingly, it was endeavored to davelop 3
i formilas for the inscyporetica of papor pulp which will ; .
. not nsconsitate any ekanys of the pressat plant pmodnro‘.
' 88 voll a3 ths least possiblo obange in slurry ohsm:ar-; .
| 3stics and bateh fermulaticn. A
It is bolioyed that ve have achieved this alm

.
!

for Kraft pulp as & sudstitution material, sven thwugh
ve are fully avare o the fact that ths final test vwill

roside in pllot-nlant tests,

Adiwe B, Totle, Fne. |
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i aunty of Asbeatea’ th. market gituaticn af asbestos has

- ,omhuxud uu duzuunty of e lmeh ter ubst&tut&m
’ emu. : B . '. '." K

4

. 'n realigsd that pepesr dtook of mnnunm too . -

m, _SUBSTITUTION P ANBEITGS -rg PAPER PULP

nwmumaflmt%.mom%m-

fbun Stscussed in scme detail. Wnile it 1s stated there
uw; the shartages ¢of npianing-greds &sbestcs may not be

ithe mm‘ umum ¥1ll be tight for Jears to ecame.
’Jneardia.g):. tha recazmandaticns of thiz esplier mt' '

{ . '.n pnnan and present rmung- strongly 3ne
;acau tm: ceruu papsy pulps mny furnish & suitadls -
mnnutnna materisl for part or 811 the asbestos, It

‘ruauy ayailabls., Ncvever, the tCnnage necessary far
psrtul or totol replacexmant of «sbestos in Ksylc is & '

m:h saller parcentags of the peper trads, 8o that loul '

sonditicus an? strong bidiing oculd oreste & much more
:hvmbh position than in the a&sbestos markst, ' ,
3 BL{11 1t 1s strangly reocmmndsd that & brier |
:oomanu rurvey of the availability of cellulosie pulp

. f“ severe a3 of. scza Other grades, it vas still fult tiat :

saterials caitable for oxr purposes be undertaken as som |

as possible, especislly ¥ith respest $0 nev Kraft elip- I
’M' o 1]

P
}
i
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; Om nvonb::r vith ubntu prises u:d nev xn:z

at caly $45.00 per tem. Balled, old mevaprint is quoud
18t 420,00 and vood pvu.po ayvnsry tru 060.00 to uoo

hmmuitummmwmmt

"1:; .pumuc' asbestts 13 BCt nscsseary far the sussessful ! -

mwanuc- of Kaylo ard aibestos as uaed in presext

Y B mm‘-ummx-mma»“
b ths Wprw&aa d'ubostu, pressnt prastice E
- [1s movos avey frm 1328 emecpt 424 primrLYy censidrra
: j1ts frmcticns as & retnforoing agemt, S S

bateh formulaticn ein bs hardly dosignated s “spiculated,

;A sample of asbostes sluwrry providsd by Dorlin 1sd & free:
. mu af £1fty, ¥hile numm' asbeston world gorrese |

;pcuad to A froaness of aboat T0 o Bmore. !u Sogroe of
cham.ng up presently usel prar,ldes umrute'y ctmgtb

! When the ecmsopt cfuhsnesuumpmuu .
) t
‘agent st1ll was expbasised, the “gelatinous® properties of:

f'zpuphiqd' Chrysctile were frequantly thought of 88 8 |

loontrna:ﬁ"lz' factor, Rovever, even fram this point of
viev 1t was quits sanclmsively found that blus African

Astiner B. Tittle, Fac.
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ok laugust TR 1533, ©<57516)," “fhis tas bein scmevbat bosne |
.. jeut by sctusl plant. ozpomnoo uthtmuto n thn Box-nn_

-"'_:.'f m“ pllnt. .A"r:.,;.,'_,;}-’-_ Che T : -:",:,.',:r
| EEE "”“a as ¥ ‘-'f-“-‘-f-ﬁ“‘:-'-ﬁ 10 m./ca.ra. mt# B

. {dmpertanse 1n the plm&d largs-scale produsticn, m:. L
f

hrz1 be of less interest than 4u tho earlisr investigae

- lere proeably lszs ¢ritisal in tas 20 1b, produst.

.t e e
.

NP

morttumjutugod. u’muttorthnthoud

cxu-noqh. ‘They are pmlbly scoeviat worler with

4
:
‘
H

wxm * 4 ma L4 Amn':oas e 4 Amﬁ T0 mwmm‘

rcwhmwhggugmupoomanuhwmm "

20 1bs./on.fte Gocr ecves and yoof elabs will e of m-
;xa.x-: ispertanse, 1t is Gelieved that hing,aag proporties ..

1 .
‘tions, Furthemscos, Feinforicment and suspeniing pover

" Acecraingly, 2% 23 Bslisved that it should ba.
qnito posaidle to use ¥ariczs gradcs of sabestas znzn-;:.
m;oably vithout mterially affecting the quality af .
pro&uum. As ¥vill be discussed later, approprisate . .

R 1

»

nunmzm o minar amomts of clay might prove belpful |

Jn sdjusting the batsh propertiss in chanzinz over fram
m tm of ashestos to naot.har.

§ o Rince additicma of elay mgm mo po’ait
muamm tolal azcant of asbestos mduutm

ey by fewntim

!
: ‘halp to ecnserve noan. : f .
!

‘ :'ﬁmmzu u'oouu which ‘do not shov eny | phum!,-.a.“'.

respest :omtmmnmwmwmz.;"
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us mum, Coe firet phase of ozr Mnuasuen h.!

1proven Quite ouolutn): that from & strength pdnt of:

| viow ssbeston m e suscessfully replased My PoFOY. ,u.zp,

. {mr-’n ozr experizonts thus fapy were num tolutt

- ,,'mnm«rrummucnmg.. 5o .

e mmummam.mm i

.. s nov used 18 aevend protustion asd {a cbtatning mtise | -
2 ‘m:m otur.gm i T R E R

‘ (1) ‘ths ‘uee- ucbm Mcuymnxa (mwm

. ,uo-, of tho cley 1s substtuted for 810y <« va

SRR besic bated) ‘wag rouna a&mn foi' ssacesaful

) tm:. mhanbm.cn cf asduitce Dy peper pulp snd,

L () mmgmammnrwmmnmamwf
fiber vas fomA to bs guite helpful ard &s 20~ ~ 'f ©
',.dwm@m:sm bateh fermulaticn, .

: ;: . ... Batches mndes with paper cr even papey £nd
R I

- :asdestos mixtures are not: nznm:aw vith Terpodt te
niaging hovever, - ' i
: Typical huh eaxpositions ars given in r:bh vi
‘ , ) memw.swtomumti
- ifar jartial replacemsnt <f &abestos the amcal nf elay &0
e : PR %m.maybouhmumormamo ofnm:icnu
© mebestes sdaition.
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. and ef standard campositica rc saparative tests
" with psgpect to the rouwmg pnpmun -

“(2) strsagth s, bsat treatment mp to 650‘0.

e ;.".; . ") .tmsth V8o m”‘ "

N {Y) u:uu_m cf elsy vs, varying substitutim of

In pronr:.u ‘paper wlu v “"4 “ th bam.

. A ..; . f
,‘f.,.‘hu: .ttuumu mzwmumdormm .
:"wmm ary ar wet, eculd be ucd vith oml sSwscess, - ;

]
i :
) :‘. mm YRW Tl EE ComeE :~— e
; Nov that the usofulness of papsr Julp as an
{abestos substitute has been osteblished ad in viev of
. ;w other dmmtim, ve recamend omtxmun of oy’

‘L) Preparation.of uuplos of our bsst preseat foymala |’

-7+ (2) - fire posistence D - '

’£ .- asthostcs in the base farzula. v !
e (a). Exploraticn of othe? cellulose pulps in plues of |
' Q) Mewepram o -
o (2) Vooa puip ' ‘
X . {3) Othor avallable paper pulps. f
. () Pedastion of asbsstcs 1n present formulis withest
: sudstitutian vi. addition of 21ay, :
. (s) OCmsiferation of papor pulping washines cthey thas .
§ in the Valley pepor bester, f
: ;
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‘ ,___ : .Ena. u eV scrvespend to the basic forula as wied in |
Sl Barlin, Slaked iins, &5 used in uoncb. ‘howeirer, 85 -.oo...u., S
Nt ... |piacsa by Werzer imy Mytruts, sicoe slalking gv 8:.2& o
4.5 [0 pa untestrable for Lsbemtcy RTposs both wien rorf. [
pedt to g and ggn«ﬁhﬂ of Fesults, A

Pnnkowwogunnaonnn gadﬂa
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