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Subject ASBESTOS
AMOSITE AND CHRYSOTILE

There has been a need to have some basic information available on asbestos,
both amosite and chrysotile, in the general knowledge area. Specifics
-as to specifications, etc. are in other detailed sources. This study

had as its beginning the information concerning amosite asbestos, in its
various grades, as obtained from North American Asbestos Corporation.

This was followed by its milling, preparatory to its inclusion as a rein-
forcement and an aid to thermal conductivity in Kaylo slurry for the
characteristics of thé final product. As we continued, we added other
sections, which we thought were pertinent and these were included to the

volume of the present project makeup.
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SZCTION 1 -- CORRESPONTCENCE

A. DR, LAZ“'S REPLY TO PALIMAN MILL PROCESSINZ OF AMOSITE

Page 7 -~ The outstanding fact is that the amosite asbestos is milled dry.
It has been obvious for years that by wet milling to open amosite
fibers, we have been destructive to the fiber length and have further
shortened the already short fiber length.

Page 8 -- Here are listed the factors determining the set up of the mill for
best results. This will be most helpful information for us.

The Pallman Mill people in North Jersey can supply us with 1nforma-
tion on chrysotile asbestos.

B. LD3 AMOSITE

Page 13 -- We can explore the availability and cost of LD3 amosite fibers when
we get along with the Pallman Mill trials. By using this longer
fiber as a percentage in a blend with shorter amosite fibers, we
may increase impact strength in the final Kaylo product and effect
a lower asbestos cost at the same time. As anxious as everyone
is to eliminate asbestos from Kaylo the arrival at this state of rein-
forcement is a few years away, so the work on amosite reinforcement

for product strength, as well as cost improvement, should go forward
at full speed.

C. PALLMAN PULVERIZERS, INCORPORATED

Page 15 -- We shall immediately contact these people in Hoboken and secure
cost of processing different grades of amosite for fiber opening
at various recommended settings of the Pallman Mill. Several tons
of each grade should be sent to them, opened and then processed in
regular production at Berlin. Also, several experimental batches
should be undertaken at Kaylo Research on blends of amosite Pallman

opened fiber, so as to 'bulls-eye' the target runs in the plant for
the optimum results.
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SZCTION 1 - CORRESPONDENCE (Zont.)

D. PALIMAN MILL

Page 19 -- The picture here shows the rotor and tae swinging, stationary, mounted
head. At first zlance it is to be noted that the design is consid-
erably different than the Bauer Mill and the shearing action <o
open the fiber is less direct and abrasive than the Bauer. ©On the
following pages are descriptions of the mill and its operations.

Of particular note is the inclusion of a magnetic separator for
trapping of 'tramp iron', which is most important for other =aylo
equipment protection, particularly pumps. We shall secure guotations
from them on costs on suggested mills for Berlin's capacity per

hour, feeding and discharging methods and equipment, etc.

E. DR. CAZE'S VISIT TO GRANVIILE

Page 26 -- Dr. Jerome, of North American Asbestos, brought Dr. Caze, of Cape
Asbestos, to Cranville and talked with Dr. Kalousek and, evidently,
Marsh Armstrong as well, in October 1961, regarding the milling
of asbestos. Unfortunately, Messrs. Kalousek and Armstrong are no
longer available for comment. However, Xalousek's memo is important
in that it states rather emphatically Dr. Gaze's rsaction to Berlin's
wet asbestos opening process compared to Cape's dry method and their
poor results from similar wet milling experiments. You will note
that Dr. Gaze was dubious about using the hydrapulper in the mixing
of the asbestos into the slurry. He was likewise very definite
in his disapproval of the use of centrifugal pumps, because of
shortening the fiber length, due to the shearing action of the
impellers. We recall several visits of Dr. Jerome to Berlin, both
with and without Bob Cryor of NAAC, and he was familiar with the Xaylo
operation, particularly the mixing area, and constantly urged the
elimination of the wet Bauer milling for an improvement in fiter
length. The arguments pro and con of wet vs dry milling have gone
on in Kaylo for years and prior to 1958 there was a definite position
of Kaylo's technical people in support of wet milling. Strength,

- until extenders to the batch were introduced for various reasons,
were adequate and better than competition, with the exception of
J-M. This debate has since continued intermittantly without any
direct action being taken. It is significant to note that all of
the other calcium silicate manufacturers use dry milling to open
their asbestos. J-M has their own design of picker for their first
opening of fiber, patterned after such equipment at their Thetford
mine. Zaldwin-Ehret-Hill uses a Sprout-Waldron attrition mill for
coarse grinding amosite and finer shredding of chrysotile for
suspension purposes.
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STCTION 1 -~ ZORTESPONDENCE (Cont.)

151

SPROUT-WALDRON ZOUIZVENT F03, OPENINCG ASBZSTOS FIZEAS

age 2AA -~ A description of the equipment manufactured by Sprout-waldron for
opening asvestos fibers for Baldwin-zhret-Hdill is self-explanatory
on the above numbered page. To our knowledge this calcium silicate
manufacturer is the only other one that uses a nydrapulper for
mixing purpcses. There is a definite reason for this for they
bought much of the Sayreville Kaylo equipment when it was dismantled
and their Zirector of Research was then, and still is, Jack
McAllister, wno was Production Manager for us at Sayreville until
late 1952, The B-Z-H process is the Pabco vertical machine, which
is under a license agreement to them. The experimental vertical
casting machine at Berlin several years ago was a take off from
this patent. R. ¥, Shannon made some experimenis in 1961-1962
with W3 asbestos opened by Sprout-Waldron equipment, with results
that were better than wet milled Bauer opened amosite.

~

G. PROCTOR AND SCHWARTZ ZQUIPMENT FOR OPENING AMOSITE ASEESTOS

R. F. Shannon, in early 1962, contacted Proctor and Schwartz,
Philadelphia, who manufacture various types of equipment used in
the textile processing, such as feeders, shredders, pickers and
carders. W3 amosite was taken to their laboratory and opened on
a feeder, shredder, carding machine and in a combination of
feeder-picker and feeder-shredder. When dry opened amosite was
milled through the wet process at Berlin, namely hydrapulper, centrif-
ugal pumps, etc., a much lower result in drop test strength was
obtained than when the same opened W3 amosite was mixed and poured
in the Research Laboratory at Granville. This very definitely
pointed out the attirition to fiber length, after being dry opened
that was occurring at these points in the Berlin mixing and slurry
transport system. The laboratory results gave best strength from
the feeder-picker combination. 211 of Proctor and Schwartz opened
W3 amosite gave higher strength results than dry opened W3 amosite
- with Devil Tooth Bauer Mill or Sprout-Waldron fiberizer.

H. AMOSITE GRADE FIBRE CANADIAN BOX TEST

Pages 27 and 28 --

CANADIAN BOX TEST SAMPLING AND SIEVE SIZES

A’g‘;:éze i Mesh i Mesh 10 Mesh Pan
LD3 154 0 3 0
W3 124 14 1 3
$33 0 10 3 3

01 040 1180
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SECTION 1 -~ CORRESPONDENCE (Cont.)

¥, AMOSITE GEADE T3RS CALADIAN 20X T=ST (Cont.)

The three sizes listed here point out the big difference in fiber
length between LD3 and 333, as well as between W3 and S33. If LD3
is still available at the same price as W3, a blend may be devised
of ID3 and 533 that will zive longer fiber for higher strengths

at a lower cost than for W3. Also, W3 and S33, when Pallman Mill
opened, may give a lower cost with increased strengths than present
W3, wet Bauer Mill opened, and certainly better results than
present W3-S33 combination, wet Bauer milled. A careful and
studied observance of longer fiber effect on clogging of 3/8 inch
pouring spout openings will have to be made and not an opinion
accepted prior to testing of what the result will te. It may be
necessary to redesign the pouring nozzle and good results are a
possibility from this investigation as well. It may be something
to consider for instance, to try to eliminate the 180° direction
travel of the slurry from the input side of the nozzle to the discharge
slot. An overhead mounting with a vertical charge and discharge
style nozzle may be a revolutionary breakthrough, affecting not only
strength, but surface finish as well. It would be well worth a
trial! Such a beginning with an 8 inch length pouring nozzle could
well develop into the 36 inch length pouring spout, with all of its
advantages.
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NEZWSLETTZEZR? -- WHVY? The NAAC monihl .\ sletier is intended to provice
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~30est0s. The Newsletter (s an ellor:t to extend **d 10 increase the efleciiveness
oI NAAC communications, as a means of keeping in touch with customers and '
Iriends in agddition 10 telepnone contact, corresponcence and personal visits,

e Newsletter will regularly include general information abour Amosite and :
Crocicolite (Blue) Asbestos, news of technical developments, fibre availability, -
5iipping and transportation as related to these Iibres, and other items of interest.
We will xeep it briei,

We hope the Newsletter will become a useful extension of NAAC services. I there
are others in your company who should be on the mailing list, please have them
write or simply complete the enclosed reply card.

N22C? -- WEO?WHAT?WHERE? North American Asbestos Corporaticn, a par:
ol the Czpe Asbestos Group, is engaged exclusively in the marketing of Amosite
end Crocidolite Asbestos, both mined in South Africa. We do not mine or marke:
\...ryacrm. Aasbestos. Amosiie and Blue Fibres are ireguently used in conjunction
witn Carysotile, Ddt orcm arily co not compete witn Carysotile -- end uses are
_sually difierent,

Tre NaAC marketing territory is itze United States, Canada, Mexico, Ceniral
~merica, and the Cariboean area. We regularly bring Amosite and Crocidolize :
izzo 2ll major ports in North America, including Montreal, Bosion, Philadelphia, )
New York, Baltimore, Nerfolk, New Orleans, Mobile, Gzaiveston/Houston, Tam-
sicc, Vera Cruz, Los Angeles, Sarn Francisco, Seattle/Tacoma, anc Vancouver.
_nventories of certain graces of Amosite and Crocidolite are regularly warehoused

< -

. 2nzcelphia, and occasionaliy in New Orleans, and Los Angeles. We sirive 10
srovice coniintuous and up-to-cate iniormation on Amosiie an Crocidoli:e avail-
ability in respect to supnlies at the mines, in transit, and in warehouses. We can
Iregueniiy adjust or diver: incound shipments 10 meet emergency reguirements.

Cur perent company, T‘r.e Cape Asbestos Company Limitec/Loadon, through exten:
sive mining ozerations inSouth Airica, is tiie largest procucer of Amosite and
Zluc Asbestos. NAAC is the larges: L...Oorter/marketer of tnese fibres & the

01 040 1182
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Mines and Offioss in the Republic of South Africs
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AMOSITE IN THE‘RMAL INSULATION APPLICATIONS A large percentage of the world's Amosite
Productlon is used in manufacturing thermal insulation. These insulations take manv forms. the most
important of which is rigid molded pi d bl i i i i .

' gid molded pipe and block insulation for high temperature service.

Such imsulation muse have high thermal etticienev., relatively high serengeh. fow density, heat stability

up to L2710 degrees or more. and durability over che Tong serviee life of the insulation.

There are two principal tvpes of rigid molded insulation in which Amosite is cither an cssential or a -
predominant component. One type is calcium silicate insulation composed of asbestos. diatomaceous

carth. silica and lime. This product results from chemical conversion of the basic components into

calcium silicate. followed by wet molding with subsequent autoclaving before drving and finishing.

Calcium silicate insulation is notable for high insulating cfficiency, and for its smooth finish and

dimensional accuracy.

The other important type is molded Amosite insulation. which is produced by a process of accumulat-
ing Amosite fibre combinced with inorganic binders on mandrels of suitable sizc, using a semi-wet form-

-~ ing process. Produced in many different countries. molded Amosite insulation is well known for its
high insulating values. rugged strength and durabilicy.

Amosite is a major component of these high quality insulations primarily because of its heat resistance
and reinforcing characteristics. but also duc to its great bulkiness. No other mineral fibre provides the

same combination of strength. heat resistance. stability and durabilfjyfar e@pgofpica] cpsg 4

Amosite’s unusual performance characteristics also make it an ideal material for use in flexible and \
wrap-around tvpes of thermal insulation. It also is used in combination with mineral wool, vermicu- 24
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NV TTESTING MANUNMNL TOR ALVIPUIECLIT TIBRES Cant Asnezics Tinre:
L.alllog/ London, DAY 06 Our DArCli Qroul, &nG responsinie Ior world mariciing
oI Amosile Lnd Biue ©iores, nas reccently susiished cn authoriiaiive .-.e.r.;;e.-,

Test Moiicds Do Dloe and .—‘.mos*’*e ~80¢sies Ticre’. Tals punlication iz imtoni-
e Ler ci;.:‘ibu;io: orimarily to sclenilic and iecnnical personnel, zarticularly
1ose &.:.b';;eu e .\.a.:.; and iaboraiory evealuation of asocs:c Ilnres, Lcetus
K0W e names of those o, your orzanization who shoculd nave & copy. Tre new

manual should prove 10 be a valuable compamon pudlication to the voiume, 'Tes:-
ing Procedures lor C.‘ryso:i.c Asoestos Fiarcs”, a widely recognized manuzal
i35ued joimily by Asbesios Textile institute, Mineral Fiore Products 2ureau, and
Quebec Asbestos Mining Association,
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TOCKPILE DISP0SAL, The T.S. Gove.nu.e“., :hrough

General Services Adminiss traticn, aas authorized the G’.SDOS“.. Ol a sudstantial

tonnage of both Amosite and Crocidolite now considered to ce in excess of
emergency stocxpile reguirements. The amosiie and Blue Asaes os is ceing
~elcased along with excess onnage of some Ity other strategic minerals inthe

Government Stocxzile, .\'A.i.C is cooperating with GSA 10 esta‘m;sn a means of

2e su s tonnage inio indusiry channels wita minimum disruption of
normal ommercial relationsiips, and with cdue attention to the age and conditicn
o the surplus stocks. Part of this nas been in stockpile since 1951, during waica

& bos

time standard gradings, tarough improved milling techniques, have changed and

improved considerably.

is possible GSA may wish to rely on NAAC as a principal ageacy in the dissosa
- rogra:n, out as yet no decision has been reached. Discussions are coniinuing.

o
Meanwhnile GSA will, {rom time {0 time, offer portions of the surplus maserial

on pudiic did. More on iais later.

T LY The tight suoply cosition on certain grades of Amosite, partic-
ularly grades oX, DiIl, W3 X3, S33, GX, Al0Q, continues, Tor the lc:mD ard
medium-iong grades -- DX Dll W3,K3 --1ne position is expecied to ease during’
1ne next ninety days due to iner eased droduction and avaiiadility of stockpile
materizl, The shor:er graces -- S33,GX,A10 -- wiil continue to be c¢ifficult

-l
until the early zart of 1967 when additional production becomes available,

Siue Asbestos is in fair‘y goocd balance in supply and demaxnd or most gradings.
-nveniorie relatively low, cut mine snipments are xeeping up wel; win

current requirements. Lorg 3iue gradings Jor spinning purposes are in tigat

.55‘&
sudply.
LET 'JS ZZ AR FTROM YCU., Ceall or write NAAC If you nave cuestions or need
assistance cn ary proplem reiziing 1o Amosite or 3lue Asbesios.
SISO S ST SR SIS 82T R SR AR AR XA N
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! NORTH AMERICAN ASBESTOS CORPORATION
A o |
\\
BOARD OF TRADE BUILDING, CHICAGD, ILLINOIS 60604 ¢ PHONE: (312) 922-7435 ¢ CABLES: NORAMCO, CHICAGO

December 21, 1965

Mr. O. W. Pfeifer
Owens-Corning Fiberglas Corp.
Technical Center

Granville, Ohio

Dear Mr. Pfeifer:

Referring to your letter of December 7, I now have further word
from Dr. Gaze in London concerning the questions you raised about
the Pallmann Mill.

I enclose copy of his letter of December 16, and, after you study
this, if you find that there is further information you think we can
supply please let me know.

With kind regards and very best wishes for the Holidays.

Very truly yours,

NORTH AMERICAN ASBESTOS CORPORATION

RECr&or/jc
encl.

7)‘
Yy

01 040 11836
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Secerber 7, 1965

>, 2.I.Cryor, Presidont

Forth Armerican Asbestos Corporation
Zoard of Trade [uildirz

Chicago, Illinois 60604

Caax» I'r. Cryor: --

e nave your lotter ef Doecember 1, 1955, ie have studied the trocchure
on the Pallman iil. Ve have several guestions Jor you to secure
answers, if you will:

1. Ve would deduce from Tr. Gaze's lestter that Cape izbestos uses
a Pallran i1l to cpen their cmosita filers, in ths ranulacture
of CAPOSIL Insulation? Is this done by the dry or wet method?

2. Has Dr. Gaze had any experience in opening chryzctile asbestos
with a Pallmen 4117 Perkaps CAPOSIL uces ornly azmosiiac asbectos
fikers? As you lmow we use both armosite and chrysotile arnd in
our case, could wo use the Pzllmen 311 for oponirg toth types?
If both types of astestos fibers are to be opened, could Dr. Gaze
secure mill seiiings IJor the various gradings ol toth types?

3. Is a ricker or any other tyne of fiber opening ecuipment used
in conjunction with the Pallmen 3317

L4, Could wo propose to Ir. Gaze that ke have Mr. IlcTarlane write
corcerning details of spseds and adjustments?

5. Does the Pallman 311 have any percentzge of fiter lenzth
attrition loss, zné if so coes this very boltween chrrsotile and
amosite types tecause of ciiferences of original ctiffness of
the fibors?

6., W3 ars having our Fuschasing Mzent szot in touch with Pcllman,
in Hotoken, for Ijuriier informatid

s “alked twith Dorcoy s2es recording I3 substiiutien JSor 2 mocsible
snorbtaso in U5 srading in 1980, and had hinm call tho Flant for their
mTaTovaL Lo ceewrd Irom rou atout 0 tons for trinls, for ony zrocoscsing
ey nmining proolcm ocourrcndt. .2 oiso vrote to Il», lawdiicls, ot Zorlin,
cuggesting e malo theoe triciz, inm erder o doutormins oo odepltebility

01 040 1187
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THE CAPE ASBESTOS COMPANY LIMITED

114 & 116 PARK STREET-LONDON W.1.
(‘ TELEGRAMS: INCORRUPT LONDON TELEX
TELEPHONE: GROSVENOR 6022

TELEX N° 23780. .

ha

16th December, 1965 DECZOISSS .

Dear Bob,

The answers to the questions from Owens Corning
which you enclose with your letter of 9th December
are as follows :

Pallmann Mill

i. We are, in fact, using the Pallmann Mill %o open
Amosite fibre for the production of Caposite but
we are satisfied, from our pilot scale trials,

' ., that the mill is equally suitable for the
: preparation of Amosite for Caposil and indeed for
<~. any other process that we know of for which

Amosite is used (with the possible exception of

the very long textile fibres with which

Owens Corning are not concerned).

. We are already replacing our existing mills for
\¢/ - other processes by Pallmann's and I believe it is

only a matter of time and convenience before a
complete substitution is made,

The Pallmann opening is carried out entirely dry.

ii, We have carried out experiments with Chrysotile
' using the mill and all our results were favourable.
We have little doubt that the mill will be equally
satisfactory for processing Chrysotile although
- we have not pursued this to any great extent since
the processing of Chrysotile is not a large
activity in any of our plants.

So far as the mill settings are concerned,
Mr. McFarlane has provided the following information :

- o The three variables which influence
the degree of fibre opening are :-

T S | 01 040 1189
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a The rotor dianeter
(v) The rotor speed
¢

The diameter of tae
coniining ring ‘

(&) Thne *type and grade of crude
fivre :

Tor all grades of Amosite we have found
that a rotor diameter of 720 mm and &
speed of 2,800 r.p.m. produce the best
Tesults., The bore of the confining

ring needs to be related to The

" resistance of the system through which
the fibre is discharged from the mill.
For any one installation, a few
experimental runs will quickly determine
the most suitable size of ring to be used
for any particular grade of fibre. For
example, our Pailmann Mill is connected to
a system of ducting which terminates in a
cyclone, the whole producing a resistance
of about 3% inches water gauge. Under
these circumstances, we have determined
that for the opening of DX, D1l and ID3
fibres, the best results are achieved
with a confining ring of 450 mm diameter.

iii. No other opening equipment is used in conjunction
with the Pallmann Mill, nor indeed should it be
necessary.

iv. We hope that the comments given under paragraph ii
- will answer this question.

v. One of the major virtues of the mill is that it
will open fibres to a consistent degree and without
the production of fluffy material.

One of our reasons for choosing this mill, after

an extensive search, is that it damages fibre less
than any other mill that we have encountered. We
would expect similar results with processing
Chrysotile Asbestos.

vi. We have been given to understand that the Pallmann
organisation in Hoboken have had considerable
experience in the opening of Chrysotile Asbestos,
but are unlikely to have much knowledge of the :
application of their mills to Amosite fibres. '
If, therefore, it is felt that we can provige
further information on the subject, we s .
pleased to do so. Baf. &30 1190

Yours sincerely,

Mr, R.Z. Cryor, o ;&L
North American Asbestos Corporation, . .
Board of Trade ruilding, Chicago. : , L. 5
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\ r\l!(ﬁ)RTH AMERICAN ASBESTOS CORPORATION
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BOARD OF TRADE BUILDING, CHICAGO, ILLINOIS 60604 ¢ PHONE: (312) 922-7435 s« CABLES: NORAMCO, CHICAGO

December 9, 1965

Mr. O. W, Pfeifer
Owens-Corning Fiberglas Corp.
Technical Center

- Granville, Ohio

Dear Mr. Pfeifer:

Thank you for your letter of December 7, in which you raised several
questions with reference to the Pallmann Mill.

As we are not in position to answer these questions [ am taking the liberty
of passing a copy of your letter on to Dr. Gaze, in London, and I am sure
- (* the answers will be forthcoming promptly.

I do know that Cape is using a Pallmann Mill to open Amosite Fibres, and
this is done by the dry method.

I am grateful for the fact that your people at Berlin are studying the
possible substitution of Grade LLD3 Amosite in view of the particularly
tight supply of Grade W3 for 1966. In accordance with your note, I am
arranging to send you, under separate cover, three pounds each of Grade
LD3, Grade DX and Grade W3. I do not believe I previously sent you a
sample of DX, but we did arrange to send a sample of this to Berlin along
with the LD3, Grade DX is somewhat closer to W3 in fibre length than is
LD3, and either LLD3 or DX gradings are in better supply than W3,

Will write you again as soon as [ hear from Dr. Gaze.
Sincerely,
NOR’I‘Ii MERICAN ASBESTOS CORPORATION

[}
. N,
~~PRBresident

N\

] RECryor/jc j

01 040 1191
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RT UST LI3 AMOSITEZ AS3ZSTOS... THIRE ARE SEVERAL MAJOR ADVANTAGES
ACCRUING TO UR OPZIRATION AND PRODUCT IF YOU CAN USE LGOWGZIR FISER.
AiiOSITZ AND PARTICULARLY Ir IT CAN n’ MOREZ IFFICIENTLY 0PEINZID, OT iZR
THAN WITH THI WIT PROCZSES THRU THE SAUER MILL. IF U DG ENCOUNTZR
PLUGSING AND ZALLING IN THZ POURING NOZZLZIS THEN PEIRHAPS WI SHLD
COLLICTIVEILY GIVE YOU ASSISTAKCI IN REDZSIGN OF POURING NOZZLIS AND
SLURRY TRANSPORT, LO ZLIv L\AT: SALLING OF LOWG FIZER AMOSITZ PRIOR 710

ATAY TO NOZZLZ AND INTZRTALN IDIZAS OF STRAIGHT PLALZ INTROCUCTION
OF SLURRY INTO POURING NOZZLz AS WrlLL AS #0LC. Wz ZROW U XV A SuALL

- CLZARANCT J13TANCE SETWEZN IDGr OF CORZ AND SIDZWALL OF SHELL O

Si4Ll SIZES OF ONI INCH WALL THICKNISS.  IXPROVIMINT HERT Cad 3t
TNVTSTIGATED AS WELL. AT THIS STAGE DO NOT ESLIZVE YE SHLD ACCEPT ANY
SOTTLINICKS OF PRISZNT ZQUIP AS BEING FINAL TO IMPROVIMENT TO END
PR0DUCT, SINCT ¥ARKSTING IS PLACING SO MUCH ENPHASIS ON FIRST.FOUR
CATTEORIZS OF THI NINE INPROVINENT a»sx?ro |

G PFEIFER 1125 12/8 1S
01 040 1193
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SSI3Lz SUSSTITUTZ FOR w=3 WH

-
e

0 H IS IN SHORT SUPPLY. WVWE HV
; 200 Lz SANPLZS B3ZING DEZLIVIRZD FOR TRIALS. OUR CONCERN.AT TAzZ
WONINT RELATZS TO "PLUGGAGE & SALLING™ OF BATCH IN POURING 0ZZLZS
ViTH FISZR LONGZR THAN ¥=3 A5 WAS ZXPZRIZNCID WITH HIGH PCTV
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e . Ca-ens-Corn:L ng

“ & FIBERGLAS o
C} f?‘,,'To'i'?_,[ .v- Hewdudek - Parlin SE : December'3,-;1965;;,"'; )
.“'rom _' ‘O V Pfeifer - Granville” S eel M. R.S.Crant .- Tbledol-_: L R
W A : “r. HoL.Hays « Tolado™- )
- 1D Mr, R.J-E'C:voy - Ur&mne ‘
. ~ iir. Dorsey McRae - Toledo .. |
o ) - A . h . ..T'Ir. ” K-Sidweu - Newark X 1 ‘;.- ,_' o
0o TTHre He V.Smith - Toledo - ._&. R

, _ , e o wlwe L
Dear 3 e= :" . . '!. ,.\',""

. * ‘- ‘ - ’ - - . ) ot " > -_':‘..«
- We Were. talking with 3ob Cryor, of HMC in Chic vo,_ a.few weews ago and he ., . 7
. .later covered us cn a.letter he wrote to Drosey licRaey on a shortagze of fmosite . .
Gradings in asbestos for 1006. . "; T S T
.. Cryor wrote. -~ e still anuclpate quite a httla difficulty i"x meeting your . .
T 4.requ1rements in the grades you prefer.” RN *«,' Ce el LT A # ‘r v

SR "I ca.ll o yoa:c attention a grade r.hat has not heretofore“been -
, “ tried by your associates =t the Cerlin Plant. This is Grade LL3, which'isa. ~ -...
‘f grading-considerably longer in fitsr length than Crade V3, which hag:teen more .. . --
... or less.standard with you for severzl years. Grade LD3 is normally priced = . .-
. considerably bigher than W3, but in view of the shortage that we anticipate in .
t.he medium’zrades, vwo are prepared to supply you Grade ID3 at the same price. o
s ‘.88 Grade, W3: | Provided thare would e no sericus technical oroklems in’ intro- .~ . ¥
NG ‘t\;.njt\__._’» ducing the ,loager grading Into your opera'cion the LD3 would represent a very e
' - good valua i.n terms of fioe; for reinforcement. L “_,_* o
e "We were‘-discl.ssmo this sitvation with Dorsey the other day and we suggestod ’?.-'- 4
-that he call you &rd havs your perrission lo order 10 ton or so, for Plant - .,
. trials. There may be D3 in this country that Cryor can huve shipped to you. .

' The-longer ID3 fiber in pira insulation should inerease the number oft drops in.

- the tests“as.well as increrss overall impact strength.  Wher this fiber is.. i ’-_

operied the longer length should be more advantageous yet. Zven with the lengtlh‘\f_ f

- attrition in’the wet Bauer Mill it should zive better' results than W3- *This - "y

al.,o wonld be a distinct a.d.rantage -to. receive it at.no price .mcrease. a o .;w N
L WS e T

Seve.ral &ears ago, when Dr. Gaze of Cape Asbeetos, Lmited, 1as here from B T 4-'-‘

London,’ hs,spoke of LD3 grade of amosite beirg used, 'in CAFO5IL, wvheére. unufual
™ high flexural strength was octained, which wes attributed to the fullest -
et utilizatioa of long amosite fiters. VWhen Harry Cohen,. Managing Director of -
% »Fibreglas‘&:uth Africa, was here about a month ago, he spoke oi‘ tha; higb R
... " stremgth ‘of" Cape?s CAPOSTL, having just seen some of it in Tonden. ‘We ars ,.{
x4 haying .Ir. Gaza give 1s up-to-date information on opening. equipment for lcmg
. fiber amosite wh:lch we .nll cover you with when we. recoive it.-,,". oo 'll
‘).'f"*‘.': La? V'" YR e TN
:! You, ma'yew somowhat concernad about the fauv appearanc& ox Kaylo Elock' withy
LA ‘ﬂﬁrlonger £ibers tut doubt if there will be.much difference between 1D3 andri .
Tl ".‘. «"*‘-" -presert Wit ~There may be quite'a few baiches made ina day that:. cam:bx __‘pqmpﬁl@-n‘l;.,
direct..xifo #L and #3 holding mivers, for #1 flatuare line,.frqm.thy bateh‘ '

if £0" schieduled, using L3- rather than LD3. Certainly.there shotild.not :»;,,;-;-:
L ; ,surface 1iber on block, as, might be exoacted with the” 1(mg .4-,:.?-}.;;:{'
. -_. !.“‘. q."'.. '_.. - ‘, . N ) ;‘ 3 : } a ': ':
SRR R 01 04&—1»1:955»" i

) .>' Y ) A ' . . - » L i‘* )
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el ‘éks:' a3 in “Bluc. ' . ‘hen the 10“ er ;.bj is onenad more effzciamly
wet Pauer Ill" the fire openea fiber may ha'm

Tewe - " 4

.I.

".\ stiffer
with otler oguipment, than the
less surfac *3rot1‘u=ion tht.n is n«'w present with V3. s SR, - .

v .
of havirg this longer fiber fit into John Vyverberg's

e *"This could e a lud'v traak
LS »";4,')--: t’»{'B “TPROVID EREAVAGE quality item. Ragardless of opinions, e suggdst you ‘sacure - -
8 ,-. some- LD3-and, then check the results and.from ithe specimens: make:the decisionsé.. "‘,-,":
,%« 2o ID3 severel yemrs. ago, bofore-at least one nrice increase ‘since,.sold for $260--

=
TA ":~%~_' Thud pe’- ton. It probably is. 275 or 285 nov.. Gettlng ih ;on the sme price as WB
is a fc.véf'able cost break too. g . LY

.-

3 Ve are sendlng samples of

;,“a‘i by TR
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Cear Glemn:

" 7 There is a pizece o couizment Jor o*enlng amosita askestos Iitaers
called a Pallman 311, I is of Znzlish nanulac.hre tut there is
an American distrimuter, nzmely,

D217 man Pl

i
515 Yew Art
Zoboken, e

rSs InCe

e would 1ile for you to secure litarature regarding this mill and

also arrange ;or cne of their revresentatives to call on us, to

discuss tbe el ic-en ies of this mill over their American competitor,
—_ Eauer Zrothers, of Soringfisid, Chio.

nanks for your help.

Oo .a:.

Y
b4

Teifer

OWP/md

\ 01 040 1197



RTH AMERICAN ASBESTOS CORPORATION

BOARD OF TRADE BUILDING, CHICAGO, ILLINOIS 60604 » PHONE: (312) 922-7435 « CABLES: NORAMCO, CHICAGO

December 1, 1965

Mr. O. M. Pfeifer

Owens~Corning Fiberglas
=" - - Technical Center

Granville, Ohio

Dear Mr. Pieifer:

5
Further to your letter of November 10 and my letter oi November 12,
I now have had a letter back from Dr. Gaze in London in which he
gives some information on the Pallmann Mill, which I know is used -
effectively in Europe for processing Amosite.

I am enclosing herewith a copy of Dr. Gaze's letter to me, and a
brochure on the Pallmann Mill, which explains the operation in some
detail.

After you have looked this over, if there is any additional information
you would like us to try to obtain please let us know,
With kind regards and best wishes.

- - Sincerely,

NORTH AMERICAN ASBESTOS CORPORATION

RECryor/jc
encl.

~ . 01 040 1138

6,
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Dear 3ob,

in which be is intaresgted,

NN TN N N~ ~ o~ - .\_.\“,--.

_— v A NeTN M o

“r4 2 DANY ITDTSTL Y AVT e
I 3015 PARX STRIET-LONDCN YL
TELC®MONT: GROIVINOR 6C22

TELEX N° 23750,

ha

17+h Uovember, 1965

NOV 22 1955

Thapk you for writing to me on 1llth November regarding

Owens Corning and their interest in methods of opening Amosite.

I well remember the vigit you mention though I confess I have no
recollection of uadertaking to provide Dr. XKalousek with this .
partioular information,

We do agrse that there should be more information availadle
regarding the methods of treating our fidbres and Dr. Hodgson is
"at present engaged on the firat draft of a brochure on this very
sudject.

So far as Mr. O,4. Pfeifer's prodlem is concerned, our
experiments kave clearly indicated that the Pallmann Mill is the
best equipment available in Europe for opening Amosite of the type

The High Speed Cobra is also an

excellent machine and works on a very similar principle; +his is
ugsed extensively {n South Africa and I only suggest that the Pall.ann
is the more interesting alternative since the High Speed Cobra is
essentially a piece of South Afrioan equipment whereas Pallmasnn

have agente and service in Zurope and the United States. Their
American address is :

Pallzann Pulverizers Ino.,
315 MNew Art Street,
Zoboken,

Sew Jersey.

I am enclosing a brochure and would suggest that they are contacted

but i{f further irformation is

~equired, I will asgk Mr. lUcParlane

to write separately g:ving detalls of the speeds and adjustments
which would be guitadble Ior MLr, Pleifer's partioular application,

Tours sizeciccly,
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TURBO PULVERIZER

SINGLE MOTOR TYPE

A 2 JO,

Plverizing without

infernal screens
ROUGHOUT,

COURTRIES TH

Ik valon

PACLMANN PATERTS




A LONCTRNCLTIAN & DRIVE



The economy of the PALLMANN
Pulverizer - Single - Motor type-
is proven in continuous oper-
ation owing to its sturdy con-

struction along simple lines. The

grinding surfaces are of a high
chrome vanadium - nickel steel

construction.

@ METHOD OF REDUCTION

The method of reduction of the Polimonn differs
from those in common use. Material entering
through the feed chute is thrown by on impeller
rotating at high speed against the grinding liners
of o chomber formed by two oposing cones The
liners are divided into ruploceable sections.
There ore three principles of reduction employed
in @ single dction dependent on selection of liner
design:

1. Turbo {Jet) 2. Impact 3. Shear.

The air suction in o second, collecting chomber
located behind the grinding -hamber drows the
ground particles through an annular gop between
the two chambers. Porticle fineness is controlled
by inserting confining rings of different sizes in
the annular gap. The fineness of the moterial is
determined by how long it remains in the grinding
chamber before removal by oir suction. The impel-

ler and a fon located behind the impelier on the '

shaft creale the high veiocity of air.

01 040 1202 .-



© CONSTRUCTION

The mills are heavily constructed and designed

‘or tough operctions. The housing is o heavy, cast
iron. The castings cre properly oged before

machining. The impeller cnd liners ore o steel

construction while the shafting is especially com-

pounded to withstand high torque.

M.

@ DRIVE

The pulverizer can be either V-belt or direct driven.
Overdimensional becrings, low R.P.M. of the im-
peller compored to other high-speed pulverizers,
ond dynomic balancing contribute o trouble-free

operation. Theﬁe ringoﬂea)ccklazﬂegolly to

prevent dust inlfoluction.



'@ FEEDER

Depending cn the nature of the metenal, the pul-
verzer .5 ieG by ¢ vioratory, ¢isc, Of any mechani-
zai cpparatus providing a uniform flow. A magnet

shculd be piaced in the feed chute to trep iron

oc cteel parucles.

@® CLEANING

By the simple turn of two handwheels and removal
of the impelfer, the entire mill is accessible for

cleaning.

2,

@ WEAR

The wearing poinis are the fixed hammer o.cres
on the mnpeller cnd the grinding 1ners A com.
plete rcpiacement of all the hammer rictes

cffected in 1en minutes, resulting in scvings inrougn
¢ minnmum of downtime. A reason of he wice-
spread use of the Polimann Singie-Mcior Puiveri-
zer .s the wear resistance of the wear eiemen:s
which make it copeble of reducing :
mareriais which up to now couic e puiveniIic
in high-speed miils only with excessive cores.on.

@ SPECIAL DESIGNS

The mills con be delivered with water-cooling
jockets behind the cones, air-holes in the housing
for additional air-cooling, or @ system for blowing

49,

in warm air for drying material. All poris coming
in contact with material can be maode of stciniéss
or an acid-resisting steel. The complete grinding
system can be designed for hermetical enciosure
for operation with insert gas, in which system we

con supply an air-tight enclosed feeder.
an



THE GENERAL LINE
OF PALLMANN GRINDERS

Pailmann Mills cre cvaiioble for coarse grinding,
de-fiberizing, conirolled granuicting pulverizing,
emulsifying, or mixing of soft, brittle, tough, smear-
ing, hygroscopic, fibrous, fotty, heat-sensitive, ang
piastic products. Wet operation s gossidie with
the Double-Rotating Mills, into which water can
be added during grinding.

© PRESENTAPPLICATIONS

The following medium-hard minerals can be
reduced efficiently: row gypsum, anhydrite, ben-
tonite, dry and wet clay, talc, medium-herd ores,
graphite, mica, diotomaceous earth, fluorspar,
chalk, barite, oil shale, shells, medium-hard lime-
stone, kaolin, asbestos.

Coal-like products: cool, lignite, peat.

Colors: organic and inorganic dyes and pigments,
iron oxides, lead oxides, ochre.

Pharmaceutical Products: drugs. leaves,

ergot,
china bark, maniok and other roots, bark.

Grinding aond mixing of solts and phosphates,
such as: potash, fertilizer salts, raw phosphate,
triple  superphosphate, metasilicote and other
olkalis, glouber's salt, sodium phosphates.

Various Chemical Products: ammonium nitrate,
aluminium suifate, magnesium oxide, washing and
d"eterg‘e'nt Powders, soda, ommonium sulfate, so-

A3

TYPE 4 for small copacity

01 040 1205

Oil ond fatty products: spices, fish ond fishmeal,
meats, soap fat, fresh animal bones, nuts, malt,
olive pits, crackling, bone glue.

Grain Milling Products: exra fine flour, fori-
naceous products, barley, wheot feeds, carob
beans, hay, rice flour, potatoes, cocoa shells.

Fibrous Materials: wood flour, chips for particle
board, paper pulp, straw, bagasse, asbestos, chrome
and tanned leather for synthetic leather manufac-
ture, cork graonules and flour, textiles, board and
paper woste, bamboo, hemp, reeds, tobacco stems,
flocking chemical cellulose.

Cocoa ond Coffee: cococ beans, cocoa press-
cakes, coffee. .

Plastic ond elastomeric products: poiyethylene,
granules and scrap fiim, rigid and flexible P V C,
styrene, nylon, foom rubber woste, record scrop,
reinforced plastic waste, foem plastics.

Natural resins ond pitch: colophonium, bitumen,
membnle somaran ronl tar hard nitch,



A D VA NTAGES . high O.ulput with less power
. gritless product
OF . easy adjusiment of fineness without acddihional investment
. wear-resistant grinding surfaces
PALLMANN

. no screen in mill
. frequently no need for subsequent classificanion
. grinding of different feeds up to fist size

. cen achieve narrow perticle size distribution

W 0B N O s W N

. easy substitution of wear parts with downtime minimized
10. low grinding temperature due to high volume of air

11. less tendency to smear

12, little spece

13. moist and dry grinding

14. pulverizes heot-sensitive materials

15

a proven robust construction with air tight housing
16. no cttrition pins
17. no tooth discs

18. no geor transmission

Mills manufactured in five sizes
according to rotor diometer:
187, 24“, 32", 48" and double-
chambered 48”7,

Installotion of mill on platform Instaliction of mill on floor

For carrying out free tests, modern testing facilities are ovoil-
able. Bosed on years of experience in size-reduction ond
accessory field. Pallmonn technicans are cble to discuss and
handle mony grinding problems. Complete instaliations are

offered.

L

o“";'&

Pq ((

"va\

PALLMANN PULVERIZERS LIMITED

59, Brompton Road,
London, S.W.3.

> .
Telephone: KEN 8464 & KEN 8474 ~ Cables: ELDIMON, London



lovermcer 10, 1965

LX

¥, R I. Cryor, Zrezident

North American Asbectes Corporation
Coard of Trade Zuilding

Caicago L, Illirois

Tear ¥r. Cryor: --
I am now loczted 2% the Toshnmizal Center, at Granvilla, Ozie, and am
in nced of soma information on your oroducts, which you can rezdily
supply.

VWould you please send me dztz on your various gredes of amosite asbestos,

on fiter lengihs axnd jewce“.agcs of tae same in the various grzdes that

W use, as woil as others you have. %ould also like to have the chemical
analysis as well.

Several years 250, or. Gage of Cape Acztestos Lid. called =t the Technical
Center and talked with Ir. ilalousek, who is no longer with us. e,

P, Gage, promised to sernd cr vznaa znd dotails cf their equipment for
£iberiz “.nu emosite astastos, vhon he roturncd to Enzland. Ee was
accorpanicd by your . Jerome. Porheops this fitsrizing couipmen
information is availcble Ifrem your offico. Fo 2lso recomrerczd our use
of your LD-3 grade of firz»., '8 never did receive the information, that
is to the tast of our imewledze. 2 nave searched the files here to no
"Vail.

o hopo-you can g‘"a us tho above information we are seeking. Thank you

Jor your kird service. e zppreciate your help. %o would be glad to
see you again.

Yours very truly,

~ 1 N ar

O. V. P2leifcer, canazor

pogl Laa 3% - o - e
Zizgh Temperature freducts

o /.-.C

01 040 1207
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CUENG-CORNIN o
~ INTRA- C(,M.PA. NY CORRESPOINDENCE
- TECHN CAL CENTER — GRANVILLE, CHIO

ATIENTION OF . 3. T. Shaanen

Cctover 10, 1951

FROM G. L. #{zalouszk V. BE. Case - Cranville
A. C. Siefert - Giazavilile
SULIECT LL RIZPORT - (IORT A TRICA AVILITON 0. V. Pleiler - Toledo
CORD. B. Iu. Boyd = ioleuo
V. E. Sidwell -« Toleuo
R. C. Amos - perlia

- Dv. Gace of
ir. Jerome
develounzn: of Cancsil,
bestos, ol

Cape Asles
for Rayle, came to Granv:ilia
of ITAAC accomranied liim.

tcs Lid., suppliers oi cmosite esbestos througi IAAC

TO aiscuss our problens with and needs for, amesite.
Dr. Gege has been closely associated witl

t. hydrous calcium silicsie, nearly the sane as [heimo-
agetwred in Inglznd. .

nis company, in developing Cunosil, nacde a study of various wethods of

opening wnnsite fiver.

“hiey found the Tauer mil) very destructive to

fioer

..\.E’Jct.l in Taco any

rough wet hendling of enosite causes rapid fiver leng:ch

breakidcwn.

Dr. Gage strongly urged,

tuat if we &re L0 OLLAIN OVLIDUM perlornmance

fron wicslie ribers, To &t

op use or Louer milling, and aydropwlving in iiandling

tue iier. 2 recommenced the i'ibay

> be cpened dry aad auded as ihe lcst

Ingrediept %o the slurry and then uu::ed Just long enoush in o peddle type or

- fipoca Type nixer

TO c’.’;alerse ic.

fumsing 13 also desiructive and the ..0yno

pauy 18 recomuended Tor

iandling Kayio clurries,

ale sane recoimuendations

were iazde "o rrouauccion Ly Rescareul.
experiwential trials at Deriin.

fer W=3) is usad.

- Cape u39esi
i3 sinilar to Unibestes.
close to 3%,0C0,000/vear.

These are tie basis rfor the Sprout Waldron
]

. D=, Gige upon s rewurn to Baslond will forwerd complete drawings, and
. details, o their egquluvneat for Iiveriging frwaite.
and is formed Ly pressure rfiliration similerily es Tueruobestos.

at 11 pef cdensity exhibiis the amazing flexural strength of 25C vsi.

strength iu not. attributed so wuch to the rolding process as to Liie [fuilest
utilization of long amcsite fibers.

Caposil contains 1Y) amcsite
riiis product
e higi

The LD-3 grzde {:260/T comparec o 1203/ ¢

According to Gage, Cavosil is resistant to imvact breakage.

to8 also produces a high tesperature insulation, Carosite, wiiiclh
Their
Caposite is baing replaced by Caposil and it is pla.:med

votal nigh temperature insulation sales are k

to go over complete.y to the hydrous caleium silicate insulation.

Chien

TAn -’

N \E.u'l _
$ MON"HS cevans

JESTROY NCW ......“;'__ R
D e i A AT

eevene

G. I. Kelousek

01 640 1208
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SPROUT WALDRON EQUIPMENT USED BY
EHRET MAGNESIA MANUFACTURING
COMPANY TO PRODUCE QUALITY INSULATION

The concept of using carbonate
of magnesia reinforced with asbes-
tos fiber as an insulating material
dates back to the 1880's and the
commercial manufacture of the
material by Ehrct Magnesia Manu-
facturing Company has a history
covering more than half a century.
But something new has certainly
been added!

The big difference in the process
at Ebret and that employed by
most magnesia insulation manufac-
turers is the use of a traveling
robot, called a “Weigh Larry.”
Carrying two conical hoppers and
equipped with blinking lights,
rheostat adjustments, indicating
devices and a variety of pushbut-
tons and control instruments, this
compact pneumatic and clectric
brain operates the production cycle
with amazing precision. The Lar-
ry carries its own air compressors
pressure tank, and two conical hop-
pers. It moves from station to sta-
tion, taking an accurately weighed
charge from the mixers, filling the

. preheaters, which in turn automat-

ically fill the molding machines.
The Sprout-Waldron contribu-
tion to this modern magnesia in-
sulation manufacturing system in-
cludes a 24” single runner heavy
duty swing-head attrition mill and

a pncumatic system for handling
the fiberized asbestos. The mill
operates intermittently on a 24-
hour day, seven day a week sched-
ule producing a batch every three-
quarters of an hour. It is equipped
with anti-friction bearings, adjust-
able runner head for coarse and
fine grinding, spike tooth manga-
nese steel shredding plates and a

shaft mounted 30 hp, 1800 rpm .

open frame motor.

Both African and Canadian as-
bestos fibers are fed into the mill
by means. of a Sprout-Waldron
14” x 30" belt conveyor driven by
a Reeves Vari-Speed drive with a
1 hp, 1800 rpm motor. Here the
fiber bundles are opcned and the
individual fiber strands fluffed and
separated so as to provide greater
structural support and reinforce-
ment to the magnesia insulation.

Fiberized asbestos is picked up
by Sprout-Waldron products col-
lecting system and conveyed into
either of two different process
streams, depending on whether
Thermalite (85% magnesia insula-
tion) or Thermasil {calcium sili-
cate insulation) is being produced,
The former is the most common
and is utilized for temperatures in
the range of 600° F. The calcium

use to 1200° F. The pneumatic
system consists of roof mounted
42” dia. steep cone collcctors with
flanged inlet and outlet air connec-
tions and an 18” inside dia. dis-
charge at the base of the cone, and
No. 3 PHLM fan direct connected
to a 10 hp, 1800 rpm standard
open-type motor. A simple manu-

This §-W Belt Conocyor /ecdl into a
Sprout-Waldron Single Runner Attrition
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Sprout-Waldron products collecting fan
picks up fiberized asbestos from attrition
mill and conveys it to either of two
process lines.

ally operated diverter in the line
between the fan and the cyclones
or conc collectors determines the-
system into which the milled as-
bestos is fed.

The adjustable runner head de-
vice on the attrition mill is used to
advantage when changing from
one type of insulation to another.
When the high temperature insula-
tion material is being prepared, the
attrition mill is used in relatively
wide open position because the
fiberizing is followed by violent
mixing in a hydrapulper and rib-
bon mixer. Closer plate adjust-
ment is used on the 852 magnesia
insulation because the process in-
volves relatively mild mixing in

silicate insulation is suitable fo() 1 r{pf@nit] 209"
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\J/ \ : '\'ORTH AMERICAN ASBESTOS CORPORATION

BOARD OF TRADE BUILCING, CHICAGO, ILLINOIS 60504 » PHONE: (312) 922-7435 ¢ CABLES: NORAMCO, CHICAGO

November 12, 1965

Mr., O, M. Pieifer
Owens Corning Fiberglas
Technical Center
Granville, Onio

Dear Mr. Pfeifer:

It was pleasant to have a chance to talk with you again on the telephone
yesterday, and while I do not at this moment have the letter you sent
me, I am taking steps to ask Dr. Gaze in London to give us up-to-date
information on the Pallman Mill, and other types of opening equipment
for both wet and dry opening. I expect I will have something I can pass
on to you in about ten days time.

You also indicated you were interested in chamical analysis of the
various types of asbestos, and I think the best I can do is to refer you
to the Asbestos Textile Handbook (copy enclosed), which gives this
information on Page 7.

You were interested too in information on the fibre length of the various
gradings of Amosite, and in the same book on Page 22 a range of the
approximate iength of the unmilled Amosite fibres is shown.

Another indication of iibre length is in the comparison of Canadian Box
Test values. As you know the Canadian Box Test method consists of
shaking sixteen ounces of asbestos through three screens into a pan,
The first screen is 1/2'" mesh, the second screen is 1/4" mesh, the
third screen is 10 mesh per inch, and anything that goes through the
third screen is caught in the pan. Comparative Canadian Box Test
values for the various grades of Amosite are shown below:

Amosite Grade

D-3 15-1/2 0 1/2 0
D-3 12-1/2 2-1/2 1 0
DX 14-1/2  1/2 1/2 1/2
MD 11-1/2  1-1/2 2 1

. continued - 01 040 1210
27
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Mr. O. M. Pleiier November 12, 1665
- Page 2 -

K-3 13 1 1-1/2 1/2

W3 12.1/2 1=1/2 1-1/2 1/2

SW 6-1/2 4 4 1-1/2

CW 0 12 2-1/2 1-1/2

GK 0 12 2 2

S-33 0 10 3 3

Trusting you will {ind this information of some value in your work, and "
looking forward to the possibility of visiting you before too long.

Sincerely yours,

NORTH AMERICAN ASBESTOS CORPORATION

KB

President

RECryor/jec
encl.

01 040 1211
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_cng Sber amosite s used princizally in tiie manufscture of themmal in-

SlLanion.

Desosits loczted in Transvaal Province, Union of South Africa, provice
tie only commercial sourcc of smicsize Sber. Approximatdy 57,600 short
tens were produced there in 1g37%.

3 L v 1. v~

Anthopliylidie: Esseatially a silicate of magnesium and iron, usuaily with
s swail amount of sluminum, anthophyilite belongs to the group of orthor-
uomsic amphiboles. Its chiemical formiuia may oe cmrcsscd as (FeMg)+<
$isO2{OH) 2. The fbers of anthophviiite are usu..lly brittle and lacking
in teasile strength and are thercicre not suitable for textiles.

remolite and Actinolite: These monociinic amphiboles are 1ast ine-
nostant of the commercially uscd varictics of asbestos.

s pinr

Tremolite—C AL Mg;SinO.. (O s —is a calcium-magresium silicate whose
oers are oficn long and siiky but ;cucrzllv 00 brit 1e and of inadequate
teasiie strength for usc in the fabrication of textiles. It is of value prin-
cipaily for nltr::txon purposes decause of its freedom {rom iron and its
resistance to attack bv acids. Most of the tremoiite fiber produced comes
from dcposits Iocn cd in northern Italy.

Actinolite—( C....\'Ig Fe)SisOy. (OH) 2 —is similar in composition to trem-
oiite cxcc':t for the presence of iron which replaces some of the mag:
nesium. Like tremolite, the fibers are too wesk and brittle for spinning

Sut have good resistance to acids. Its practical value is limited and produc-
tion is small.

TABLE A—CHEMICAL COMPOSITION OF VARIOUS TYPES
OF ASBESTGCS*

CurysotiLe ! CROCICOLITE | AMOSITE | ANTHOPHYLLITE| TREXOLITE

$i02 ..eeendl 37415 953% | 4953% | 3658% | 5162%
MO iirenenr 3943% 0-3% ' 1% 2834% 0-30%
Fed wuovnais) 0.06.0% 1320% | 3% 2% [155.0%
Fex03 vvevve| 0.1.5.0% 17209 - ——e i '
AL03 .eeeel] 0213% | 2:9% 035-15%  [1.04.0%
HiO eenend] 12015.0% 23435%  23% 1.050% | 05.0%
Ca0 vevrrnnr| Trsl% | [ 0-18%
Na:0 t - 4085% | 0-9%
C:0+Na0 .| — | 0s25%

*Tncyclopedia of Chemical Techaology, Vol. 2—Anthrone to Cazbon
Copyrignt 1948. Interscience Publisner, New York and London.

7
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Armosite: For the same rcason as stated under “Crocidolite” above, amosite
is aiso suppied in a semi-milled condition and classifed on the basis of
-engzh of 2Terin the scams or unmilied cods from which the various grades

are cotained. Control of quaiity is aiso achieved by comparison with stand-
ard or “umpire” sampies, supplied at reguiar intervais from the miils.

Tiders from the various mining properties in the Transvaal are graded as
shown dbeiow: T

ArproX. LENCTH RANGE

GRaDE oF Uvwiiten FioEr DesieNATION ‘ Colon ,
b
D3 . 2" w0 6" ! Long ; Gray
D3 ' 2" w0 6 ! Long (part Sberized) Gray
on 17 to 2% i Mecium Long \ Gray
% ; 1” 10 2" | Mecitm Long : Grzy
M i 4% oto 27 Mecium ! Gray
M ! 7 0 27 Medium l: Gray
X3 5 1% 10 2% Medium Short ! Gray
w3 4”0 27 Mecdium Short , Gray
X 3/16” 0 17 Shorts . Gray
SW ' 3/16” o 1” Shors Gray
52 3/16” to 1" Shorts : Gray
CX HAE TR Shorts (part Sberized) Gray
oW ‘ 13" 0 R” Shorts tpart Zherized) Gray
s3 3" t0 %7 | Shorts (part dberized) | Gray
] .

01 040 12114
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SECTION— 2.
ASBESTOS THE RAW MATERA.
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SECTION 2 .- ASBESTOS, THE RAW MATERIAL

Page 2 -- The lasit paragraph and the last sentence discloses that amosite

Page 3
Page 5

Pages 7
and 8

Page 14

Page 24

Page 26

"nH

asbestos is used in Cape Asbestos "Caposil" the 1400° calcium
silicate, which is 200° higher than our Kaylo at 1200° F and only
4000 F below Kaylo 20 products. The Cape's Caposil has a higher
maximum temperature than any of the U.S. manufactured high temperature
insulations, with the exception of Carey Temp claimed at 1600° F,
which is not a calcium silicateq and Unibestos at 1600° F, which is
not a calecium silicate either.

¢

The last paragraph gives the origin of the name "Crocididolite"
coming from the Greek meaning 'wooly stone!. '"Chrysotile" stems from
the Greek also, meaning 'fine hair of gold!.

The last paragraph here states the fineness of asbestos fibers, which
are in the same millionths of an inch diameters as are Fiberglas
filaments.

Here is described the difference between amphibale and chrysotile
asbestos. The former fibers are solid throughout, while the
chrysotile fibers are believed to be hollow.

The grades of amosite asbestos are here listed at their mines of
origin.

"AW' amosite is described as a blend of fibers in a more opened
condition than the other grades and is a processed, semi-short.-
grade. CEEEE

Under '"Amosite'" are listed the various products of '"Caposil". The
1800° F-high temperature insulation is not a calcium silicate and

is not made in pipe diameters. It is made in a plastic, hard setting
cement as well.

01 040 1216

v e o .. e B AR DA o . T, o SRR SR ST ST T G, TP S, TP WIS . TS PR AT R L T T e TR T, T e



A A NORTH AMERICAN ASBESTOS CORPORATION

U. S. Subsidlary, The Cape Asbestos C y Umited, Lond

BOARD OF TRADE BUILDING, CHICAGO, ILLINOIS 60604 » PHONE: (312) 522-7435 e CABLES: NORAMCO, CHICAGO

September 22, 1966

Mr. O. W. Pfeifer
Owens-Corning Fiberglas Corp.
Technical Center

Granville, Ohio

Dear Mr. Pfeifer,

Thank you for your letter of September 19, addressed to Mr.
Cryor. In accordance with your request we are enclosing
the following literature:

""Asbestos The Raw Material"
"Asbestos Reintorced Flastic Fipe"

"Asbestos Reinforced Plastics Resist Heat & Chemxcals" -
"The Use of Crocidolite Asbestos in“Reinforced Plastics' %

Very truly yours,

_ | NORTH AMERICAN ASBESTOS CORPORATION

;QMQ@W _nes,

SeCreta.ry to R. E.(Cryo?

JCa.nzonerx/encl

01 040 1217.
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The myth

Asbestos in history

- Archealogical studies have shown that as
early as 2500 years before recorded time
peopie in Finland knew how to add fine
asbestos fibre to the raw material to
strengthen the sides of lightly fired pottery,
When the material had been strengthened,
the sides of the vessels could be made
thinner to produce cooking utensils
which were not only lighter in weight but

*in which food could be cooked more

quickiy. In 438 BC Plutarch recorded that
the Vestal Virgins who tended the ever-
burning fire of the sacred royal hearth held
‘perpetual lamps’ with wicks of a woven
material which was aimost certainly
asbestos mixed with vegetable yarn.
Theancient Romans who found asbestos
inthe ltalian Alps regarded itas avegetable
and worked it up into cremation cloths, in
whichthey wrappedthebodies oftheirkings

n 'ﬁ"- 'ii 0';0./-" Y]

r. Y
G -
,//‘ g, Y

. .’g

A fragment of prehistoric Finnish pottery

An 18th century drawing of asbestos. Plate
32- Vol V ‘Fossils’ of the collection of
Natural History drawings which form part of the
Royal Collection in the library of Windsor
Castle, reproduced here by gracious permission
of HM the Queen

The Emperor Charlemagne

to protect them from the all-consuming
heat of the funeral pyre and so preserve
the ashes.

Linum vivum (living linen) they called it.
fn 1702 a funeral urn was found near the
Naevian Gate at Rome containing a skull,
calcined bones and ashes wrapped in a
long piece of asbestos cloth. It can be
seen, with its contents, in the Vatican
Museum today. A Greek doctor calied
Anaxilaus who was banished by the
Roman Emperor Augustus in 28 BC for
practising magic wrote: 'if a tree is sur-
rounded with linen made of (asbestos) the
noise of the blows given by the axe will
be deadened thereby, and the tree may
be cut down without being heard. For
these qualities it is that this linen occu-
pies the very highest rank among all
the kinds that are known.' It was being

e msy e e mgme e

Marco Polo

used for acoustic insuiation even then.

Down the centuries references are found
in chronicles and proceedings of learned
societies which indicate that the ‘magic
mineral' was never forgotten. Forexample,
the Emperor Charlemagne, who lived in
the 9th century, is alleged to have saved a
desperate situation by throwing his table-
cloth into the fire and recovering it un-
harmed. His enemy bowed in deference to
the possessor of obviously supernatuyral
powers. The cloth was undoubtedly made
of woven asbestos.

Inthe Middle Ages the Venetian expiorer
Marco Poio described how in Siberia in
1250 he was shown a piece of unburnable
cloth made, they said, from the skin of
the salamander which lived in fire. His
enquiries led him to asbestos mines which
were probably those known to have been

01 040 1219
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operating in the Russia of Peter the Great.

In the 15th century we hear of asbestos
cloth being used for armour in battle. A
contemporary rhyming accountofthe siege
of Rouen (1420) talks about:

The Kyngis herauldis and pursuiauntis
in cotis of armys amyauntis

In 1671 there appeared in a magazine
calied Journal de Letterati, published in
Venice, an account ot ‘a Substance found
in great quantities in Some Mines of Italy
out of which is made a kind of incombus-
tible Skin, Paper and Candie Week.'! A
certain Signor Castagna who had come
upon this asbestos couid treat it so that it
resembled lambskin dressed white. ‘Of the
same matter this Artist hath wrought a
Week (Wick), never to be consumed as
long as 'tis fed, nor aitering its quality after
the aliment is wasted away. And if that
famous and incombustible Oyl were found
out again, we read of, this matter would
yield the Week for that everlasting Light so
much celebrated by the Antients.' But of
course it wasn't everlasting, someone was
always topping it up.

It was only by the end of the 17th century
that asbestos began to be regarded as
something other than an object of super-
stition and curiosity. Asbestos came into
its own with the discovery of the deposits
in Canada in the middle of the 19th cen-
tury, with the accent perhaps on the con-

servation of heat by ‘lagging' rather than -

resistance to fire. When the price of coal
began to increase, ‘thermal insulation'
gradually developed into the science it is
today. .

Sir William Logan, the first Director of
Geological Survey in Canada, ‘noted’
asbestos as early as 1847. In 1876 it was
rediscovered by Joseph Fecteau, and two
years later the mining of the principal de-

“posits at Thetford, Quebec, had become a

going concern,

The asbestos Sir William Logan noted
was White (Chrysotile) asbestos, as in-
deed was every deposit discovered up to
that time. The italian amianthus used by
the ancients was White, and the asbestos
inthe Russian, Chinese, Indian and Cypriot
mines was White.

Some time between 1803 and 1806, how-
ever, many years before Sir WilliamLogan's
findings in Canada, Mr H. Lichtenstein, a
German geologist, was travelling near
Prieska in the Orange River Valleyin South
Africa where he came upon a mass of
heavy asbestos which was lavender blue
in colour. This was something quite new

.. -w‘_:‘. BT LS ¢ e e g maen - - - ammerens
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and though there are deposits of Blue
asbestos (Crocidolite) in Australia, South
Africa, where it was first discovered, is still
its main source for commercial purposes.
the chief of which is in the manutacture of
asbestos-cement products.

But as with the discovery of White as-
bestos in Canada, so with Biue «n South
Africa. The discovery was merely noted,
and no attempt was made to expiore its
possibilities until 1891, when Francis Oats,
a director of De Beers Consolidated Mines
Ltd, who controlied the diamond mines of
South Africa, formed a group of his
associates intothe Cape Mineral Syndicate
to exploit it. Oats’' attention had been
called to the Blue asbestos at Prieska by a
speculator called Cohen, to whom speci-
mens of the rock had been brought by
some African 'boys’' working at the Kim-
berley diamond mines who had their home
at Prieska.

Two years later Oats was persuaded to
broaden the activities of the Cape Mineral
Syndicate and establish a company in
London which would undertake manufac-
ture as well as mining. The name givento
this company, which was incorporated on
December28,1893,was The Cape Asbestos
Company Limited.

in 1925 the company acquired a number
of mines in the Transvaal of the kind of
fawn-coloured asbestos, first discovered
in 1907, known as Amosite. This had long,
stiff, rigid fibres, and while unsuitable for
easy spinning and weaving proved itseif
ideal for use in insulating materials. Today
it is used in the Group's ‘Caposite,’
‘Asbestotux’ and ‘Marinite’ products, and
in ‘Caposil 1400' calcium silicate materiais.

01 040 1220




Asbestos the word

The minerai has been known in England by
two names ~ first amianthus or amiantus,
and later ashestos.

Amianthus is the Greek Amiantos. A is
the negative and miaino means to paint
over something with another colour, to
stain or dye it, and thus to defile, soil,
taint, poliute, corrupt it, make it impure.
The adjective amianto was applied to this
undefilable mineral, for on being thrown
into the fire it was not only not consumed
by it or diminished by it, but seemed
positively to be purified by it. Pliny reportg
that after the stains were burnt out, a
piece of asbestos cloth ‘came out of the
flames whiter and cleaner that it could
possibly have been rendered by the aid of
water.'

Such words were doubtless based on
observation, but he was guessing when he
went on to say that the natural colour of the
mineral was red, only becoming white
through the agency of fire, and that it grew
in the deserts of India scorched by the
burning rays of the sun. 'Here, where no
rain is ever known to fall,’ he writes, ‘and
amid multitudes of deadly serpents, it be-
comes habituated to resist the action of
fire.' Itis very rare, and those who find it
sell it at prices equal to those given for the
finest pearls. Moreover ‘it eftectually
counteracts all noxious spells, those
wrought by magicians in particular.’

Apart from all this, the realisation that it
was not affected by fire led to the belief
that it did in fact ignite and, once ignited,
went on burning for ever without being
consumed. In this respect the word
amiantos was probably aiso applied to a
mineral which wasn't asbestos at all but a
‘fabulous stone’ which was reputed to burn
with an unquenchable flame and was more
likely to have been unsiaked lime. However

that may be, this second attribute gave the
mineral its other name.

Asbestos is another Greek word. A is
the negative again, and sbestos is the
adjective from the verb sbennumi meaning
to quench, die down, dry up, extinguish.
Asbestos is the inextinguishable material,
the mineral which once it starts burning
never goes out. It has thus acquired a
name which contradicts its essential
characteristic, which is that it does not
burn.

The mineral was called undefilable and
inextinguishable, but never what one would
have expected, incombustible. Amiantos
came into the English language as ami-
anthus and survived till the beginning of
the 20th century, when it gave way to
asbestos. In the early 19th century both
words were used in England, though it is
likely amianthus was reserved for the
silkier, softer types. The poet Robert
Southey (1774-1843) used both words in
The Young Dragon, which he wrote about
1815:

With amianth he lined the nest
An incombustible asbest.

Asbestos is the word used in North
America and in North European languages
(German: asbest). But amiantos has held
its ground in the southern Latin languages:
amiante in French, amianto in Italian,
amianto in Spanish.

Marco Polo found the mineral being
called salamander;in Germany it has been
known as Stone Flax (steinflachs), and
French-Canadian miners have called it
Cotton Stone (pierre-a-coton). One type of

asbestos has been called by a Greek word ..
which means Waoolly Stone (crocidolite), :
another type by a Greek word meaning .-

Fine Hair of Gold (chrysolile).




The Cape Asbestos Company Limited
was formed in London in 1893 to undertake
the mining of asbestos in South Africa
and the manufacture from it of thermal
insulation materials (lagging) in italy,

Since then it has expanded into a Group
of associated companies manufacturing
not only insulation materials from asbestos
but aiso of mineral wool, as well as a range
of ashbestos-based brake linings.

Production of raw asbestos fibre from its
own mines is still a basic activity of the
Group, and is the subject of the present
bookiet. Two types of asbestos are mined
- known as Blue asbestos and Amosite -
which have unigue gualities differentiating
them {rom the great bulk of asbestos
produced elsewhere {mostly in Canada,
Russia and Rhodesia). The company's
development has been based on making
the most effective use of these special
qualities.

In 1961 the responsibility for advising on
negotiations and sale of all crude and pra-
cessed fibres produced from our mines
was delegated to a wholly owned sub-
sidiary company with head office in Lon-
don created for the purpose, Cape Asbes-
tos Fibres Limited.

The Group’s mines are based on two
main centres in the Cape Province and in
the north-eastern Transvaal, where small
settiements have been built up entirely by
the company, housing and providing for a
population of some 900 Europeans and
upwards of 9000 Africans.

The manufactured products ofthe Group
cover a wide range, including Caposite
asbestos, Caposil HT and 1400 calcium
silicate, Noramite piastics reinforcement
feits and dough moulding compounds,
Rochsil and Rocksil-K rockwool, thermal
insulation materials; Asbestolux asbestos
board products; Marinite asbestos sheet;
Don and Capasco automotive and indus-
trial friction materials.




i

The natural fibre
that will not burn

Asbestos has the exceptional property of
being a natural fibre that will not burn.
Fibres are the essential buiiding materials
of ‘nature, but fibres of the vegetablie and
animal kingdoms will ail burn more or
less freely. Asbestos, the fibre of the
mineral kingdom, stands apart: it is
non-combustible.

Beforeitis mined, asbestosis arock-as
solid and dense as granite or marble. Itis
found in seams or layers between greater
thicknesses of rock of almost identical
composition. The asbestos rock breaks
down to fibres when it is milled, but the
accompanying rock becomes powder. The
reason for the existence of the seams of
asbestos is not completely known, but
they are of entirely mineral origin. They are
not caused by the decay of vegetable
deposits like coal.

The great value of asbestos is its fibrous
nature. Veryfine fibres can be obtained by
rubbingthe surface ol asbestos rock. Each
fibre pulled away is seen to be composed
of more fibres, and these in turn can be
further subdivided. The most powerful
optical microscopes cannot pick out the
smallest fibres; these are between one
millionth and one ten-millionth of an inch
in diameter. The average thickness of the
fibres used in our factories is about ten
times this size, buteven so some hundreds
could lie side by side in the thickness of
this paper. A piece of crude asbestos as
big as the top of a finger yields many
thousand millions of fibres, which would
stretchround the world if placed end to end.

‘It is found in seams or layers between greater
thicknesses of rock of aimost identical
composition’ - the rock face at one of our
Amosite mines

*‘The asbestos rock easily breaks down to fibres'

01 040 1223




‘Each fibre pulled away 13 seen to be composed
of more fibres.’ Amosite seam in our Penge
mine

01 040 1224




Mineralogical classification
of asbestos

Any naturally occurring mineral which
may be manipulated or processed into
fibres may be called asbestos, but there
are’a number of difterent types that are
quite distinct mineralogically, although
they may conveniently be classified in two
groups:

Group | Amphibole asbestos
The Amphibole group of minerais con-
taings many varneties, including five which
are fibrous. These are complex silicates
having the general chemical formula
M,Sie012{OH);, M representing calcium,
:nagnesium, sodium or iron in various
praportions. The fibrous amphiboles con-
tain double chains of silica tetrahedra and
this arrangement gives enormous strength
along the chains and in the fibres; the
bond between adjacent chains is very
much weaker, and for this reason the
fibrous amphiboles may be easily broken
down to give strong fine fibres.

Thetwoimportantvarieties of Amphibole
asbestos are:
Crocidolite or Blue asbestos and Amosite
Both are iron silicates - Crocidolite a
sodium ferroso-ferric silicate; Amosite a
ferrous magnesium silicate. i

Crocidolite is found mainly in South
Africa, but also in Australia and Bolivia.
Amosite is tound exclusively in South
Africa.

Other fibrous amphiboles are Tremolite
(calcium magnesium silicate), Actinolite

From pieces of White (top). Amosite (centre)
and Blue (bottom) asbestos rock of equal
weight come piles of fibre of unequal volume,
These photographs illustrate how the stuft
resilient nature of Amphibole (Biue and
Amosite) fibres give them considerably more
bulk than  White asbestos fibres

(caicium magnesium iron silicate) and
Anthophyilite (magnesium silicate), but
these are only of limited commercial
importance to the asbestos industry.

Group Il Chrysotile or White
asbestos

This is the fibrous variety of Serpentine,
a magnesium silicate mineral having the
chemical tormula Mg,[{Si,0,,](OH),. It is
produced from extensive deposits in
Canada, Russia, Rhodesia. and to a
smaller degree in the Transvaal, Australia
and elsewhere.

\

Difference between
Amphibole and Chrysotile

Scientists have shown that there 1s a
fundamental difference 1n structure be-
tween the fibres of Chrysotile asbestos an
one hand and of Amphibole asbestos on
the other. The finest Chrysotile fibres are
believed to be hollow, whereas the ultimate
Amphibole asbestos fibres are sohd
throughout. This explains why Amosite
and Blue asbestos fibres are hard and
springy and why White asbestos fibres




-soft, flexible and absorbent. As shown
e electron mucrographs, Amphibole
res are larger in diameter. The finest
site asbestos fibres are usually in the
yion of 0-:02 micronsin diameter, whereas
2ninest Ampnibolefibresareintheregion
© 01 microns in diameter, When sepa-
ted by fiberising processes, Blue or
mosite fibres will produce a great floccu-
-at volume: this consists very largely of
ol air which is held in minute cells by the
caffoiding of fine resilient fibres. On the
ther hand, the soft flexible fibres of the
Zhrysotile variety are particularly suitable

Photograph of
schematic representation of
the structure of Chrysotile ashestos

3Mq02Si0;2H.0

@ )

The molecules are fitted together to form a
tubular structure. The diameter of the
smaliiest tubes is {ess than one ten-millionth
of an inch

Photograph of -
schematic representation of
the structure of Amphibole asbestos

Crocidolite - Biue asbestos
Na,03Fe0OFe,0,85i0,H,0
Amosite asbestos
1.5Mg05-5Fe08S5i0,H,0

——

The molecules are fitted together to form
straight, narrow strips. The smailest fibres are
a few millionths of an inch in width and may
contain as many as a hundred of these strips

for usein ashestos cloth, engine packings,
gaskets and like products.

The length of Amphibole asbestos de-
pends upon the grade, but. in general,
Amphibole fibres are considerably fonger
than White asbestos fibres ot similar
price or grade. The additional length and
the stifi resilient nature of the fibres means
that a given wesght of Amphibole asbestos
will fiberise to a much greater volume than
the same weight of White asbestos.

Customers who are used to purchasing
White asbestos will notice thattheyreceive
their raw Blue or Amosite in a less finely

milied condition than Chrysotile. Qur
asbestos 1s aespatched in this relatively
crude or unfiberised torm from our mines
deliberately 1n order to reduce shipping
costs. { Blue or Amosite was milled at the
mine to the same extent as White, the
volume produced would be so great that
the cost of transport would be inflated
out of ali proportion.




Photographs ol

Chrysotile and Amphibole asbestos
fibres magnified 40,000 times

on an electron microscope

They show that Chuysowe (White) asbestos
iorms very fine. Lioi.ow fibres. whereas
Anmpinboie (Aniosie and Blue asbestos)
consists of long, sohd ana noid fibres

Resistance to heat

Amosite and Blue asbestos hbres discolour
andg lose strengtn, as i result of oudation. when
they are heated at temperatures above 480 F.
Textiie and flocculent products made {rom these
fibres alone, such as yarn and cloth, packings,
mattresses, rope lagging and iocose fill, should
notbe used abovethis temperature. Butproducts
incorporating Amosite or Blue asbestos with
stable inorganic hinders or filiers may be used
sately at much higher temperatures. The re-
sistance of such products 1s not adversely
affected by the discoloration of Amosite due to
oxidation, and any !oss in fibre strength will not
affect t~e inteqrity of the products within the
limiting temperature ranges normaily claimed for
the vanous heat insulating materials.

Colour

Average tensile strength

Resistance to chemicals

Typical chemical analysis -

Silica Si0,
Alumina Al;Q,
Ferrous oxide FeQO
Ferric oxide Fe;0,
Manganous oxide MnO
Calcium oxide Ca0
Magnesium oxide MgO
Sodium oxide Na,0
Potassium oxide K,0
Carbon dioxide CO,

Water of crystallisation  H,0




CHRYSOTILE (White)
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7 Virtuslly no resistance to acids, which

" dissoive the mognos!a component of the
mineral. )

.Good resistance to alkalis, noutral salts

and organic solvents. ot
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CROCIDOLITE (Biue)

AMOSITE

Lavender biue, varying somewhat with
slight changes in chemical composition
associated with different mining areas.

" Varies from aimost white to yellowish- .
brown, according to small changes in
iron content. .

500000 Ib/sqin. The strongest of all = 300000 ib/sq in. Sl I
natural fibres, its basic tensile strength i . i
being one and a half times that of steel - ’
piano wire,

Outotanding in its resistance to acids. >. .
Good resistance to alkalis, neutral salts
and organic soivents.

Good resistance to acids, but nol as good :
as Crocidolite. L
Good resistance to alhllo. noutral salts S
and organic solvents. ™. e
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Our asbestos mines

We operate Amosite and Blue asbestos
mines in South Africa at the places shown
on the map.

-Extensive deposits of Amosite and Blue
asbestos occur in the banded ironstones
of the Cape Province and the Transvaal.
The asbestos was originally mined from
the surface where the seams emerge, but
our mines now penetrate many hundreds
of feet into the rock where fresh asbestos
of excellent quality is obtained.

Unlike the deep deposits of White
asbestos thatoccurin serpentine, Amosite
and Blue asbestos occur in relatively
narrow strata extending over great areas
of South Africa. The deposits do not
usually persist in great depth, and for this
reason variations of properties exist in
fibres mined in different areas. This en-
ables us to supply a range of fibres having
individual characteristics which may be
used to the maximum advantage in
particular processes.

The crude ore is brought to the surface
and purified by processes that have been
developed and perfected over many years
in the asbestos mining industry.

Our mining activities in South Africa are
controlled by Cape Asbestos South Africa
(Pty) Limited, throughits subgidiaries Cape

_Blue Mines (Pty) Limited and Consolidated

Blue Asbestos Corporation Limited, on
the production of Blue (Crocidolite) asbes-
tos; and Egnep (Pty) Limited, with its

wholly owned subsidiary company, Amosa .

(Pty) Limited, which produce Amosite
asbestos.

Kokerboom (quiver tree) with a distant view of
one of our mines across the river

P L

L . i

BLUE ASBESTOS

As already mentioned, in 1890 the Cape
Mineral Syndicate was formed and ac-
quired mining rights over certain farms in
the Prieska and Hay districts of the Cape
Colony. The Cape Asbestos Company
was formed in 1833 to take over these
rights from the syndicate, and in 1948
Cape Blue Mines (Pty) Limited purchased
all the assets and mining rights of The
Cape Asbestos Company's Blue Croci-
dolite mining activities.

Cape Blue Mines (Pty) Limited

Cape Blue Mines operates Blue asbestos
mines and plants at Koegas/Westerberg
in the North-Eastern Cape; the Pomfret
Mine in the Vryburg District of the Cape
Province, and the Malipsdrift Mine in the
Pietersburg District of the Transvaal.

Koegas and Westerberg Mines

Situated on the north and south banks
respectively of the Orange River some 46
miles downstream from Prieska, the two
mines being connected by the Riley Bridge,
constructed in 1951, In this area the
company owns, in addition, large tracts of
asbestos-bearing ground, on which several
small mines have in the past yielded
quantities of Blue asbestos and are
awaiting further exploration.

Burlington House, Rissik Street,
Johannesburg, where Cape Asbestos South
Africa (Pty) Limited have their offices

“:'A'.;F;‘ 2ol 2L
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The grades of Blue asbestos produced
at the Koegas/Westerberg mines are:

S Medium grade
H Medium/short grade
wDS Short grade

A, B, C Machine-treated long grades

Pom{ret Mine

Situated some 134 miles north-west of
Vryburg in the Northern Cape, near the
Bechuanaland border and the edge of the
Kalahari Desert. The farm Pomfret, where
the mine is established, is one of the
tarms in this area over which Cape Blue
Mines (Pty) Limited holds the asbestos
mining rights, the total area of these farms
being 59,000 morgen (about 125,000 acres).

The grades produced at Pomiret are:
S (medium grade) and A, B, C (machine-
treated long grades). Special hand-cobbed
grades are also available for specific
requirements.

Consolidated Blue Asbestos
Corporation (Pty) Limited

The share capital of this company was
purchased in July, 1958. The company
owns a mine on the farm Warrendale, 8
miles from Silverstreams station on the
Kimberley-Postmasburg branch railway
line,

Please fold out map on page 19
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" Flow Diagram of
the Production of Asbestos

Long fibee plant

From ihe preparaiary cleaning plant the
28Deesos 18 tod on to tiommeis (23). thiough

(M), whaee ol
n waighed and

Madium fibre plant

The wnders ftom the long Nbve plant {73)
ond {31) ere fod to the medium fibre plant
stornge bms (34) into feeder (35) and on o
zammals (38), then te ali separators {37),
and Into the Niberiser (38). Then the ssbiesios

cyciane (42). Then the esbestos goes on to
the remmels (43) ond is inlg bags (44).
H s ihan weighed, end alter inspection and
quakty contrel Ihe asbesies in sent 10 the
starage sheds &1 the mine and by rosd
transpoct te the rallhead (43)
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ctusher (7). The totel te pussed on te ihe
cteen (23). While fine places lall Hwauph
Whe screen the romainder goes thisugh the
cone crusher (14). The tetal in conveyed te
the leng Abre plant.

B
IR N -

Shert Rbre plant

The undecs from the medwum plent 138), 140}
8nd (41) are ted te Ihe shord fibre plant an
(8], The takngs ae

54
‘ and finafty into Bags (35) 1143 ihen weighed,
and aller gong thiough inspechon end
S8 ‘ quakty contiot 18 conveyed 10 1he storage
sheds at the mune and thencs by 1osd rans-
— $6 PO 10 the taihood {38).

01 040 1231
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AMOSITE ASBESTOS

Egnep (Pty) Limited and Amosa (Pty)
Limited

These companies were registered in 1916
to acquire leases of the mineral rights over
the farms Penge and Streatham on the
banks of the QOlifants River in the native
area of Sekhukhuneland in the Lydenburg
district of the Eastern Transvaal. The
mining camp at Penge is 65 miles {rom
Lydenburg, the then railhead. Later the
railway line was extended to Steeipoort,
bringing the railway station at Burgerstort
on the Lydenburg-Steelpoort line to within
22 mifes of the mine.

These companies were purchased by
The Cape Asbestos Company Limited in
1925, by which time the mining leases had
been extended over the farms Havercroft,
Riverside, Weltevreden, Zamenloop and
Kromellenboog. In 1927 Egnep (Pty)
Limited purchased the assets of Malips-
drift Asbestos Company, which held 943
mining claims in the Pietersburg area, and
in 1958 the 186 adjoining mining claims of
Uitkyk asbestos were purchased.

Thefarms Havercroft, Streatham, Penge,
Riverside, Weltevreden, Zamenloop and
Kromellenboog cover an area of approxi-
mately 25,000 morgen (53,000 acres)
bounded on the north by the Olifants River
and on the east by the Steelpoort River.
Four separate mines are in production on
these farms. The Amosite asbestos ore
from the mines on Streatham and Penge is
treated in plants on the farm Penge, the
grades produced being:

D3, LD3 Extra long fibre
DX, D11 Long fibre

M, MD Medium long fibre
S2 Medium short fibre
kK] Short fibre

The mine at Weitevreden. has its own
treatment piant, and the grades produced
are: -

w3 Medium fibre

SW Medium short fibre

GwW Short fibre

At Kromellenboog the treatment plant
produces:

K3 Medium fibre

SK Medium short fibre
GK Short fibre

RK Short fibre

——— T Pt TS n ¢S e - e = s e e
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BLUE AND AMOSITE

In the Malipsdrift area Blue asbestos is
mined for Cape Blue Mines (Pty) Limited
and Amosite for Egnep (Pty) Limited.
The Blue production is blended to produce
Standard Transvaal S, while the Amosite
grades are blended with production from
other mining areas to produce opened
fibres against specific demand.

010404232 —
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The feed end of one of the amosite mills at
Penge
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The broken asbestos-bearing rock - ten parts of
asbestos to a hundred parts of rock-is
brought to the surface by diesel train

Batch sampling of bagged fibre for quality
controi plus visual assessment of fibre quality
and uniformity being carried out under
European supervision after milling
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From Mine to Factory

h t By road trom the nune to the raithead

2 Fromtne truck by fark it into the train which
wtil take the sacks of asbestos to the port for
shipment overseas

N
b
i
£

3 From the docks sacks are taken by barge to
the Waorks

4 Atthe warehouse the long journey from
the mine comes to an end

01 040 1238



A view of the Penge mine from the Burgersiort
Road against the backcioth of the bush-covered
Drakensourg

Headgear of the Keep Shaft at Penge, the depth
of which is 1438 ft

-

Dust collection units at one of the new amosite
mills at Penge

-

01 040 1237
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Uses for Blue asbestos
and Amosite

Commercial applications

In the preceding pages we have pointed out
the distinctive properties of Blue asbestos
and Amosite. These properties lead to
distinct and specialised uses - Blue and
Amosite have never been regarded as
substitutes for White. In the following
pages we discuss some of the wide range
of commercial applications for Blue
asbestos and Amosite either alone or
blended with White asbestos.

YARNS AND CLOTHS
Blue asbestos, long fibred grades

Yarns and cloths woven from long Blue
asbestos fibres are strong and have high
chemical resistance.
Typical uses for Blue asbestos cloth are:
Filtration cloths
Diaphragms in electrolytic cells
Curtains, forming dampers in fume
exhausts ‘
Smoke chutes
Heat insulation in mattress covers for
use on railway locomotives and in acid-
containing atmospheres generally,

PACKINGS

Blue asbestos, long fibred grades for plaited
packings.

Blue asbestos, medium and short grades for
Blue asbestos millboard.

Packings woven {rom Blue asbestos yarns
are used for glands and stuffing boxes in
chemical plants, particularly where re-
sistance to acids is required. The pack-
ings are plaited in the usuail way, graphite
or grease being incorporated as required.

Polytetrafluorethylene covers or sleeves
may be used in conjunction with Blue
asbestos packings if extreme conditions of
acidity are involved,

Millboard prepared from short Blue
asbestos is also used as a packing or
gasket material on chemical plant where
acid resistance is particularly required.

REINFORCED PLASTICS

Blue asbestos, long fibred grades for fells.
Amosite asbestos, exira long grades for
feits. Blue asbestos, medium and short
grades for dough moulding compounds.

The elastic modulus of Blue asbestos is
over twice that of glass fibre. Felts pre-
pared trom long Blue and/or Amosite
asbestos are being developed for use with
epoxy, polyester and phenolic resins,
particularly for applications where great
stiffness or chemicalresistance is needed.
The adhesion of plastics to asbestos is
superior to that of glass, and this increases
the chemical and water resistance.

Shorter Blue asbestos fibres may be
used in ‘premix’ or ‘dough’ mouiding com-
positions to confer dimensional stability
and water or chemical resistance, together
with good dielectric properties.

FELTS

Blue asbestos, long fibred grades
Amosite asbestos, long fibred grades

Felts from long fibred Blue and Amosite
asbestos for a wide range of reinforcing,
roofing and insulation compounds; with
bitumen or other waterproof impregnation
for weather and corrosion resistant
applications.

01 040-1238.



HEAT INSULATION

Amphibole asbestos 1S particularly suit-
abte for use 1n heat-insulating matenials.
It 1s in tns field that the long fibred
Amosite 1s especially useful. There are
two reasons tor this: firstly because the
long, resiient fibres form a large volume,
enclosing a high proportion of still air
which confers good heat insulation; and
second, because Amosite provides ex-
cellent renforcement in magnesia or
calcium silicate and, more important,
enabling the siurries from which these
materials are prepared to be filtered
rapidly.

Details of the use of Amosite and Blue
asbestos in various products for heat
insulation.are given below.

Amosite rope lagging
Amosite grade D3

Long fibred Amositeis particularly suitable
for use in rope lagging. The long fibres
lend themselves tor use in simple carding
machines in which the fibres are rolled and
twisted together to form a rope that may
subsequently be covered in a braiding
made from an asbestos or glass yarn. The
high bulk volume of this asbestos gives a
rope thatis very light in weight and having
better heat insulating value than ropes
made from the softer White asbestos.

Preformed asbestos blocks and pipe
sections

Amosite long and medium long grades

‘Asbestos’ blocks and pipe sections for
use in heat insulation are best made from
Amosite.

These materials have been used for many
years on oil refineries, generating stations
and in all conventional heat insulating
applications a§ainst hot surfaces at
temperatures up to 1200 F.

One of the particular features of this
material is in its fibrous, resilient nature.
This means that it may be transported over
great distances with less risk of breakage
than is usually encountered with light-
weight materials.

25

Preformed magnesia or caicium
silicate blocks and pipe sections

Amosite long and medium grades

Experience has shown that Amosite is the
best reinforcing fibre to use in these
products.

The function of the fibre is to provide
reinforcement and resistance against im-
pact, heat stress and accidental damage.

Between fifteen and twenty per cent of
Amosite, fiberised in such a way as o
retain a good proportion of coarse, crude
bundles, is usuaily employed.

A particular virtue of Amosite in these
processes is that the long resilient fibres
keep the wet slurry 'free’ and ‘open,’ thus
enablingitto be filtered quickly and cleanly.

Blocks and pipe sections for use against
higher temperatures are usually denser
and contain high proportions of diatoma-
ceous earth or calcined magnesia.

These are usually made by the same
processes and, for the same reason as
given above, Amosite fibres areincorpora-
ted with advantage.

Loose fitt

Blue asbestos or Amasite medium long and
short grades. Use longer fibres if greater
bulk is required.

Well-fiberised Blue asbestos and Amosite
may be used for loose fillinsulation and as
the filling in heat insulating mattresses,
particularlywhere some measure of chemi-
cal resistance s required.

01 040 1239




Insulating compositions

Amosile medium long grades for insulaling
compaositions

Amosite short grades for finishing and
self-setting compositions

Amosite is a very convenient fibre to use
in heat insulating compositions. its long,
stiff fibres ensure that a good bulk is
obtained and also provide the necessary
reinforcement.

Mixtures of between twenty and fifty per
cent of well-fiberised, long Amosite with
magnesium carbonate or a good grade of
diatomaceous earth willgiveacomposition
having good thermal insulating properties.
Up to ten per cent of clay may aiso be
added to give some 'slip’ and 'bind.’

For finishing compositions, up to ten per

cent of well-fiberised Amosite may be
used with cheap fillers such as chaik or
sand; again, add up to ten per cent of clay
to give 'slip’ and 'bind.'
.. Self-setting compositions are prepared
from cement containing between ten and
thirty per cent of well-fiberised, short
Amosite,

ASBESTOS SPRAY

Blue asbestos and Amosite medium and
short grades

Short, well-fiberised Amosite or Blue
asbestos is the best fibre to use in
asbestos spray.

Ashestos spray has been extensively
developed as a heat insulating, acoustic,
and anti-condensation medium.

The fibres are usually sprayed in a fine
mist of water, and a soluble adhesive is
sometimes added to the water.

When dry, the sprayed asbestos will
have a density of 9-13 Ib/cu {t (depending
upon the conditions), at which its thermal
conductivity will be in the region of
0-32 Btu/sq ft/hr/(°F/in).

BITUMEN AND PITCH
MOQULDING COMPOUNDS

Blue asbestos and Amosite medium and
short grades

Mouldings for use in conjunction with
water and chemicais have for many years
been prepared from mixtures of bitumen
or pitch with blue asbestos. Amosite
asbestos may also be used.

Itis usual to employ a short, well-opened
Biue asbestos or Amosite for this purpose
and to mix it hot with bitumen or pitch, then
to press it in water-cooled moulds or to
extrude or otherwise form itinto pipes.

A particular use for Biue asbestos in
this connection is in bitumen composition
battery boxes.

Both Amosite and Blue fibres strongly
resist the acid content of all types of
bitumen and are therefore suitable for the
production of pitch fibre pipes. They can
also be considered for special road
surfacing applications.

‘Dagenite’ battery boxes being made from a
Blue asbestos-bitumen composition at Pritchett
and Goid's works, Dagenham

ASBESTOS-CEMENT AND
OTHER BUILDING BOARDS

Asbestos-cement sheets -

Biue asbestos and Amosile medium and
short grades

Blue asbestos and Amosite are, with
great advantage, added to the fibrous
componentforthe production of asbestos-
cement sheets.

The unigque filtration properties of
Amosite and Blue asbestos are weli
known to manufacturers; both types of
fibre disperse Chrysotile in the slurry,
because of their resilience. Besides giving
this greater dispersion of fibre and in-
creased surface contact with the cement,
Blue and Amosite increase the slurry bulk
and can thus give greater laminate thick-
ness when required. Up to forty per cent
of the fibrous component may usefully
consist of Blue asbestos and/or Amosite
in flat or corrugated sheet manufacture.

01 040 1240
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Lightweight asbestos insulating
boards

Amosite asbestos medium and short grades

Lightweight asbestos insulation boards
may be prepared on the same type of
machine using between twenty-five and
thirty-five per cent of Amosite blended
with lime and diatomaceous earth. After
forming the sheets in the usual way, a
caicium silicate bond is formed in high-
pressure steam. Hydraulic cement may
also be used as the binding medium in this
process.

Asbestos-cement pressure pipes
“Blue asbtestos and- Amosite medwm and
shorl grades

The factors that have been outlined re-
garding the use of Blue asbestcs and
Amosite for asbestos-cement sheet appiy
to an even greater degree to the manufac-
ture of asbestos-cement pressure pipes,
where a high rate of production is required
together with a strong product.

In such processes it is usual to apply
pressure to the surface of the pipe as it
buiids up on the machine by means of a
bianket roll or a rubber roll. 1tis essential
that the mix does not squeeze out or move
as a result of this pressure, and the fast-
drying properties conferred by the use of
Blue asbestos in particular are of great
value in this respect.

Depending upon the type of process
employed, between twenty and fifty per
cent of the fibrous content of the mix may
usefully be Blue asbestos or Amosite.

Johns-Manville asbestos-cement pipes of the

type in which our Cape Blue asbestos fibre is
used

Preparation and fiberisation

As has been explained, it is customary to
supply Blue asbestcs and Amosite in a
relatively ‘crude’ form in order to save
transport costs.

It is therefore usually necessary to open
the asbestos further before using it in
the various processes that have been
described.

For textile processes, the same opening
machinery as is used for White asbestos
is employed.

For heat insulating products itis usually
desirable to open the asbestos as much as
is reasonably possible, and high-speed
hammer orattrition mills arerecommended.
(For reinforcement of magnesia insulation
and like products, a less severe opening is
recommended.)

For use in asbestos-cement products
and other board-making processes the
best filtration properties are obtained from
relatively coarse fibres, and it is therefore
advisable not to open the fibres any more
than is necessary to produce a smooth,
uniform sheet or pipe.

Slow-speed mills or kollergangs as are
conventionaily used for White asbestos
may be used for Blue asbestos and
Amosite, but the hard, springy fibres may
be damaged by excessive heavy miiling,
and this treatment shouid be kept to a
minimum.

if wet milling is preferred, approximately
thirty per cent of water should be added to
the fibre in the mill,

If this type of opening is used, it is often
preferable to introduce the Blue andfor
Amosite last so that the Chrysatile can act
as a cushion against any grinding eftect of
the opening process.
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Processed asbestos fibres

Apart from producing raw asbestos trom
our mines and selling it in that form
throughout the worid, we also meet the
demands of cusiomers who require their
fibre already processed; and our factories
at home and overseas are equipped with
the latest machinery for processing and
preparing ail types of asbestos fibres,
Amosite, Blue and White asbestos for alt
trades and uses. Qur experience in this
field is at the disposal of ail actual or
potentialusers of asbestos. Types, blends,
lengths, and degrees of opening can be
varied to suit customers’ requirements.
We shall be glad to give advice on the
selection, preparation and blending of
asbestos for use with cements and bitumi-
nous products for building materials,
roofing compounds, plasti¢ and electrical
mouidings, etc. Specially prepared fibres
are available as a heat insulation medium
either alone or as the binder for various
types of plastic non-conducting materials.
Our processed Blue asbestos fibres are
widely used for loose-fill acid packing or
insulation, filtration of liquids or gases,
absorption and mechanical reintorcing;
our Amosite processed fibres for many
varied types of insulation products, ab-
sorption and mechanicat reinforcing.
Mixing fibres will inevitably, by attrition,
assist the opening process and may con-
sequently result in loss in fibre strength.

Processed fibres plant

01 040 1231
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Appendix

Ordering information

Cape Asbestos Fibres Limited in London
acts as the commercial office for all raw
asbestos produced by the Cape Group of
Companies, and all enquiries should be
sent to 114 Park Street, London W1,

Orders arising from these enquiries,
however, are placed by the buyer with the
mining company concerned. Orders for
materials produced in South Africa are
accepted for payment in South African
currency.

By special arrangement however, Cape
Asbestos Fibres Limited will acceptorders
on behaif of the mining companies, in

which case payment is made in London in
sterling.

All grades of asbestos except for pro-
cessed fibres supplied by our United King~
dom manufacturing companies are sold in
short tons of 2000 1b net (20201b gross),
normally packed 20 bags to the short ton,
each 100 1b net (101 Ib gross).

BLUE ASBESTOS is supplied f.0.b.®
African port, bags included, by‘Cape Blue
Mines (Pty) Limited, who operate the
mining companies within the Group pro-
ducing Blue asbestos.

Payment terms: net cash by mevocablo
letter of credit opened in their favour
negotiable with and confirmed by Barclays
Bank DCO, Rissik Street South Branch,
Johannesburg; alternatively an approved
London bank tor orders accepted by Cape
Asbestos Fibres Limited.

AMOSITE is supplied f.0.b.® African
port, bags extra by Egnep (Pty) Limited,
who operate the mining companies within
the Group producing Amosite.

Payment terms: net cash by irrevocable
letter of credit opened in their favour
negotiable with and confirmed by the
Standard Bank of South Africa Limited,
Rissik Street South Branch, Johannes-
burg; alternatively an approved London

bank for orders accepted by Cape Asbes-
tos Fibres Limited.

PROCESSED FIBRES produced by our
South African manufacturing company,

"Cape Asbestos insulations (Pty) Limited,

at Benoni, Johannesburg, and other as-
sociated companies in the Union, for
direct shipment from South Africa, are
supplied f.0.b.* African port, bags in-
cluded, by Cape Asbestos South Africa
(Pty) Limited. ’

Payment terms are net cash by irrevo-
cable letter of credit opened in their favour
negotiable with and confirmed by Barciays
Bank DCO, Rissik Street South Branch,
Johannesburg; alternatively an approved
London bank for orders accepted by Cape
Asbestos Fibres Limited.

Processed fibres produced by our
United Kingdom factories and subsidiaries
for delivery within the U.K. and overseas
are supplied f.0.b. United Kingdom ports
or delivered within the U.K. by Cape
insulation and Asbestos Products Limited.
These materials are packed in standard
bags each 112 |b and/or 56 1b net; alter-
natively 30 kilos and/or 25 kilos net.

ANNUAL CONTRACT

To assist in economic mining program-
ming and to avoid disappointment to end
users, Blue asbestos and Amosite asbes-
tos for direct shipment from South Africa
are generally sold on an annual contract
basis, the annual contract period being
from January 1 to December 31 each year,
the contracts being negotiated in the
October of the previous year.

* At.customers’ request, freight will be prepaid
and charged at cost, insurance covered and
premiums debited at cost.
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Blue asbestos and Amosite
products of

the Cape Asbestos Group of
Companies and of

overseas associates

BLUE ASBESTOS

PLUTO

Blue asbestos mattresses

by

Capamianto SpA, ltaly

Cape Asbestos Insulations (Pty) Limited,
South Africa

PLUTO

Blue asbestos cloth

by

Cape Insulation and Asbestos Products
Limited (at Acre Mill, Yorkshire)

Capamianto SpA, ltaly

Cape Asbestos Insulations (Pty) Limited,
South Africa

PLUTO

Blue asbestos millboard

by

Cape Insulation and Asbestos Products
Limited (at Barking Works, Essex)

Capamianto SpA, ltaly

Cape Asbestos Insulations (Pty) Limited,
South Africa

PLUTO
Blue asbestos fibre filled rope lagging
by i

. Cape Insulation and Asbestos Products.

Limited (at Acre Mill, Yorkshire)
Capamianto SpA, ltaly
Cape Asbestos Insulations (Pty) Limited,
South Africa

AMOSITE

CAPOSITE

preformed moulded insulation materials

by

Cape insulation and Asbestos Products
Limited (at Barking Works, Essex; Acre
Mill, Yorkshire)

Caposite Insulations Limited, Canada

Cape Asbestos lnsulations (Pty) Limited,
South Africa

James Hardie and Company (Pty) Limited,
Australia

Isolamiante SA France (as ‘lsolamiante’)

Capamianto SpA, Italy

J. de Boer and Company, Holland

Eduardo Rosa, Spain

Montisol Argentina SRL, Argentina

Nippon Asbestos Company, Japan

Pittsburg Corning Corporation,
US A (as ‘Unibestos’)

CAPOSIL 1800

high temperature block insulation

by

Cape Insulation and Asbestos Products
Limited (at Barking Works, Essex)

Capamianto SpA, ltaly

Cape Asbestos Insulations (Pty) Limited,
South Africa

CAPOSITE and CAPOSIL

plastic compositions, hard setting

cements and insulating concretes

by .

Cape Insulation and Asbestos Products
Limited (at Kentmere, Westmorland)

Capamianto SpA, Italy

Cape Asbestos Insulations (Pty) Limited,
South Africa ’

CAPOSITE

pure asbestos fibre filled lagging

by

Cape Insulation and Asbestos Produc!s
Limited (at Acre Mill, Yorksmre)

Capamianto SpA, Italy

Cape Asbestos insulations (Pty) Limited.
South Africa

CAPOSIL 1400

calcium silicate preformed insulation

by

Cape Insulation and Asbestos Products
Limited (at Barking Works, Essex)

ASBESTOLUX

asbestos board products

by

Cape Building Products Limited
(at Cowley Bridge Works, Uxbridge,
Middlesex)

Dansk Eternit Fabrik A/S, Denmark

James Hardie and Company (Pty) Limited,
Australia

MARINITE

asbestos sheel (by arrangement with

Johns-Manville International)

by

Marinite Limited (at Germiston Works,
Glasgow)
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Basic research on blue asbestos. A micro-fibre
of blue ashestos mounted in a machine for
determining tensile strength

Applied research on biue asbestos.
Investigating a biend of asbestos fibres in a
smail-scale board-making machine
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SECTION — 3

TEST METHODS
FOR BLUE & AMOSITE
ASBESTOS FIBRES
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SECTION 3 -- TEST METHODS FOR BLUE
AND AMOSITE FIBRES

Under "Contents" are listed six (6) Sections, which are self-explanatory as
they are studied. These six sections are divided in information as follows:

Section 1 -~ Length Tests

Section 2 -- Measurement of Degree of Openness
Section 3 -- Cleanliness

Secti;n 4 -~ Asbestos-Cement Fibre Tests
Section 5 -- Chemical Tests

Section 9 -- General Information

01 040 1248
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~ Test Methods
for Blue and
Amosite Ashestos |
Fibres

Cape Asbestos Fibres Limited
114 Park Street London
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Interpretation of results

Section 3
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The Testing of Asbestos Fibres

By far the majority of the world's asbestos production is of chrysotile (white)
asbestos and testing methods for asbestos have been generally associated with the
qualities and characteristics of this type of fibre. The most authoritative information
we have seen covering asbestos fibre testing is undoubtedly the Manual of Testing
Procedures prepared jointly by the Asbestos Textile Institute, the Asbestos Cement
Products Association and the Quebec Mining Association. This book does,
however, clearly specify as its objective the testing of chrysotile fibres.

The different physical and chemical characteristics of the amphibole types of
asbestos call for the development of other testing procedures and/or modification
of the testing methods applied to chrysotile asbestos.

Our many friends who use asbestos have frequently asked how the blue and
amosite fibres in which we specialise should be tested and how they should equip
their laboratories to establish a practicable system of quality control. With this in
mind. we have endeavoured to summarise our own technical experience of this
rather specialised problem and this manual of test methods is the resuit.

The Cape Asbestos Group of Companies is the world’'s biggest producer of
crocidolite (blue) asbestos and is responsible for the maiority of the world’'s
production of amosite. Its experience of production of amphibole fibres extends over
more than 70 years and throughout this time these fibres and chrysotile fibres have
been used in developing a wide range of products by the manufacturing companies
within the Group. The use of amphibole fibres in the manufacture of other products
outside the Group’s manufacturing range has been pioneered and fostered by
The Cape Asbestos Company in association with manufacturers ; the development
of asbestos-cement pressure pipes in Italy in the 1920°s is a good example of this
co-operation.

It is in the spirit of co-operation with chrysotile producers in the interest of asbestos
users that this manual has been prepared by the Laboratory staff of Cape Asbestos
Fibres Limited. It assumes that, as the greater part of production of amphibole
asbestos is used in conjunction with and support of chrysotile, chrysotile testing
methods should be applied to amosite and biue asbestos as far as possible.

Specific tests for the asbestos-cement industry include a method for the measure-
ment - of reinforcing value of asbestos fibre in asbestos-cement boards, using a
simple air-curing technique, and wet bulk volume and filtration tests for asbestos-
cement slurries. The latter two tests depart from recognised methods as, by making
these tests on suitably diluted asbestos-cement slurries, important differences in the
bulking, dispersing and filtration properties of the different types of asbestos are
brought out.

We are grateful to our friends in the asbestos industry and to equipment suppliers
for their help in compiling this manual. We have taken information from many and
varied sources. It is impossible to list them all but our sincere appreciation is freely
extended to all technicians who have been responsible for working out sound
testing procedures for asbestos fibres.

The continuous development of knowledge and interest in these types of fibre call
for constant re-examination and adaptation of testing methods. This manual is
printed in loose leaf form t6 accommodate additional or replacement pages which
will be issued as necessary, to ensure that itis kept as up to date as possible. -

Cape Asbestos Fibres Limited

114 Park Street 01 040 1251

- London W1
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Equipment 1

Method

Results

Quebec Standard Asbestos 11
Testing Machine

The Quebec Standard Asbestos Testing Machine {(or Canadian Box Tester) consists
of a nest of three testing boxes, a pan and a cover, clamped to a shaking table. The

base of each testing box consists of a brass screen, the mesh specification of each
screen being as follows:

Box Number Screen Opening Diamseter of Wire
1 (Top) 0.500~ 0.105°
2 0.187~ 0.063° (4 mesh)
3 0.053" 0.047° (10 mesh)
4 (Pan) aluminum

sheet base

These are US Standard Sieves, or Tyler equivalents.

The shaking table is driven by an eccentric having $3° throw and 1% travel,
the speed of rotation being 327 rpm. A timing device governs the motor so that the
eccentric makes exactly 600 revolutions in each test and then automatically stops.

Complete details of this machine are given in pubtication NRC 3470 of the National
Research Council of Canada, entitled ‘Specifications and Drawings for Quebec
Standard Asbestos Testing Machine, Model No 2, 1938°. The essential features of

-the machine, derived from these drawings, are shown diagrammatically on page

1-1/3. it is particularly important that the direction of rotation of the eccentric is
counter-clockwise, when the machine is viewed from the side shown in the diagram.

A balance with a capacity of at least 1 Ib and a sensitivity of 0.1 oz will be required.
The scale should preferably show both pounds and ounces and kilogrammes and
grammes. The balance should be equipped with a large scoop.

16 oz or 454 gm of asbestos are placed in No 1 box, which is then covered and
clamped. The machine is started and at the end of the timed test the contents of
each box are weighed.

The results of the Quebec Standard Test are usually expressed in ounces weight of
thefibre on each box ; alternatively they may be expressed as percentages:

Box 1 2 3 4
Ounces 3 b c d
% —_ — —_ —

~ The total is always 16 oz and the results may be expressed to 0.1 oz.

01 040 1233



Interpretation of The Quebec Standard Test was developed as a primary method for classifying
Results .nrvsotile asbestos fibres. Canadian producers provide a minimum shipping
specification for run-of-mill chrysotiles by means of this test. The machine is
entirely suitable for chrysotile fibres, but the same cannot be said for amosite and
blue asbestos fibres. For this reason producers of amosite and blue asbestos do not
quote the Quebec Standard Test for purposes of specification, though at the same

time the results of this test may be taken as a guide to the grading of these fibres.

.

The disadvantage of the box test becomes apparent when it is applied to processed
types of amosite and blue asbestos and, to a lesser extent, to processed chrysotiles.
In the milled state these fibres produce a bulky flock, the greater part of which will
remain on the first tray of the box tester, although in the non-processed state a
large proportion may pass through the first tray. Any results obtained in the box test
therefore should be interpreted with due regard to the degree of openness of the
fibre (see Section 2). The general rule here is that the higher the degree of openness
for any grade of amosite or blue asbestos, the greater the proportion of fibre retained
by the first tray; a limit to this rule is reached when the fibre has been excessively
shortened by progressive milling.

Because of the bulky nature of milled amosite and blue fibres, it is often impractical
to use the full 16 oz of fibre for this test. The fibre as such will pack the top box and
little or no agitation of the mass will take place, with the result that no proper
separation occurs. It is therefore recommended that a sample of 100 gm be taken
for such fibres, the result of the test being expressed directly as a percentage.

01 040 1254
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Equipment 1

Sample weights
sizes and Times

Method

Bauer McNett Fibre Classifier 12

The Bauer McNett Fibre Classifier determines the length distribution and fines
content of medium and short grades of asbestos by a wet classification method. A
sample of fibre is washed over a series of four screens of diminishing aperture, and

the material collected at each screen is dried and weighed. Five such fractions are
determined.

The action of the Classifier is such that in each of its four tanks the fibre, dispersed
in a large volume of water, passes through the gap between a vertical screen and
baffle plate parallel to the screen (see pages 1:2/4, 1-2/5). The fibre thus lays
paraliel to the plane of the screen, while at the same time the water flows through the
screen. Fibres of length greater than the average mesh size of each particular screen
are retained by that screen and smaller fibres pass through.

It is important that the agitator speed and direction of rotation should be correct, so
that the classifier functions properly.

Agitator Speed 540 + 40 rpm
Agitator rotation clockwise when viewed from top.

The Bauer McNett Fibre Classifier No 203A.

The essential details of this machine are shown in the diagram on page 1-2/5, and
the design of the vacuum cups used when draining the tanks is shownonpage 1-2/6.
These cups are not supplied with the machine and require to be built separataly.

a Balance, sensitivity 0.01 gm
b Drying Oven, operational temperature 105°C
¢ Filter papers 18.5 cm diameter, Whatman No 541

Type of Fibre Screen Sizes Sample Weight Durationof Test
(Tyler Mesh) in grams in minutes

amosite and blue
asbestos, groups

2t07 4,14,35,100 10 20
chrysotiles,

groups 3 to 6 and

7D 4,14,35,200 10 20

With screens and tank stoppers in place, fill the tanks with water. Adjust the flow so
that there is slight overflow from the constant head tank and start the motor to set
the agitators in motion.

Stirthe 10 gm sample of fibre into 500 ml water in a beaker and pour the suspension
into No:1 tank. Record the time.

While the classifier is running the tanks should be watched, should they tend to
overfiow. An overfiow will be caused by accumulation of the bulk of the sample on
one particular screen, and if this occurs the screen must be cleaned in situ, either by
brushing it with a long handled brush, spraying with the small hose pipe used in the
final operation, or simply agitating the water between the baffle plate and screen

with a suitable rod. The latter method is probably the more preferable, but in any .

event care must be taken that this cleaning process does not cause fibre to pass end
on through the screen while the machine is operating.

01 040 1256



Weighing the
Fractions

Results

Interpretation of
Results

The McNett Index

2x% 14M = b
. 3x% 35M = ¢
4x% 100M = d
5 x%-100M = e

Meanwhile, fit one 18.5 cm filter into each filter cup and clamp the cups in place.
When the classifier has run for 20 minutes, shut the water off and stop the motor.

Withdraw the stoppers from the tanks and allow the contents to drain through the
filter cups. Connect the nipple at the bottom of each filter cup 10 a water vacuum
pump to speed up drainage. As each tank empties, wash down the screen and the
interior of the tank with a smali hose pipe, ensuring that all fibre has been washed
through to the filter cup.

After completely draining the cups, take out the filter papers carrying the fibre
fractions. Fold each filter paper and place them in the drying oven for a minimum
of two hours.

The type of analytical filter paper recommended is of constant weight within
0.10 gm. Weigh each fraction therefore with its filter paper, and subtract the weight
of the filter paper to find the weight of the fraction. (The average tare weight of the
filter papers should be predetermined on batches of 20 or more.)

Determine the percentage of fibre collected on each screen. Subtract the total
percentage of the four screens from 100% to find the percentage of fibre passing
through the fourth screen. Express the results as follows:
McNett Classification

+4M +14M -35M +100M —100M
% a b ¢ d e

Many types of chrysotile fibres contain a proportion of extremely finely divided
serpentinous matter. The assessment of this fine material is done on the Bauer
NcMett classifier by accounting for ail the fines which pass the 200M screen.

The 4M —14M —35M —200M screen sequence is not necessary when testing
amphibole fibres and therefore a 100M screen may be used in place of the 200M.
(1t may be added that 200M screens are fragile and require frequent replacement.)
For most practical purposes the 4AM —14M —35M —100M sequence is adequate
far all types of fibres. \

This is a simple arithmetical relationship allowing the assessment of McNett
classification to be expressed as a single figure. it is derived as follows:
1x% 4M = a

McNett Index (MI) a+b+c+d+e

All McNett indices lie between 100 and 500. A long fibre, all of which is retained on
4M, has an index of 100, while a finely ground fibre, all of which passes 100M,
has an index of 500.

Although the McNett Index is based on a purely arbitrary relationship, it serves to
bring into prominence the.degree of overall shortness of a fibre, particularly after
processing. For example, a useful approach in assessing the performance of
fiberising machinery combines the measurement of both degree of openness and
McNett index on fibre after processing under different operating conditions in the
same mill. The graphical expression of McNett index in relation to degree of
openness will indicate to what extent the particular mill fiberises and shortens the
fibre. The same approach may be used to assess a sequence of fiberising (or dry
fibre processing) operations, each of which individually may contj o the
opening and shortening of a fibre. 0 1 6 46 1 f ge‘i
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‘Equipment

Method 1

Length sorting of asbestos 13
textile fibres’

Experience has shown that the only reliable method of determining the fibre length
of long asbestos is by the manual separation of a suitable sampie into length groups.
Each length group is then weighed and its percentage of the whole sample deter-
mined. No machine has yet been devised to enable this separation 10 be made
automatically. In relation to the maximum separable length which can be sorted by
means of the Quebec Standard Testing Machine or the Bauer McNett classifier,

manual separation remains the only method whereby fibres of 1* length and over
can be classified.

The manual length sorting of fibres requires time, patience and skill in manipulation
if no mechanical aid is available. The test method is considerably aided by the
Suter-Webb comb sorter, a device developed for the length sonting of cotton and
wool fibre and the like, and adapted for use with asbestos fibres.

For unaided length sort: Velveteen pads (white for amphibole fibres, black for
chrysotile fibres) mounted on stiff board or aluminium sheet; two pairs wide
tweezers with prongs lined with soft rubber; hard rubber roller and steel pilate;
an analytical balance, sensitivity 1 mgm.

Alternatively : the Suter-Webb comb sorter, adapted for use with asbestos fibres,
complete with all accessories for manipulating fibres (see page 1-:3/3).

Preparation of Sample .

Take approximately 25 gm of the sample of fibre, and repeatedly divide this sample
by halving until a representative 3 gm portion is abtained. Place the fibres portion by
portion on the steel plate and fiberise the crude stalks by passing the roller over
them in longitudinal direction. Spread the fibres out on a velvet pad and take five

pinches of them to obtain a 1 gm sample, repeating the procedure to reduce this
1 gm sample to 0.2 gm.

Sorting by Manual Method

Separate the 0.2 gm sample into small groups aligning the fibres in each group by
pulling them lightly between two pairs of tweezers. Lay the fibres in parallel
alignment on a velvet pad, teasing them out as much as possible.

‘Cut a number of narrow strips of paper into lengths according to the length groups

devised. A useful series is: 1, lessthan £°; 2, £"t0 +":3, $"t0 1";4, 3" t0 1”;
51°t1014": 6, 11" to 27; 7, over 2*, Place the strips on a velvet pad, paraliel to
each other with 1° gaps between them.

Pick the asbestos fibres one by one, matching them against the strips of paper and
laying them alongside each. When all the fibres have been sorted, weigh the
amount in each length group.

Sorting with the Suter-Webb Comb Sorter
The Suter-Webb sorter consists of two banks of 16 fine steel combs, each set of

combs being spaced by §” from the next. Sixteen length groupings are thus

available.

Commencing from 2a above, the fibres are spread uniformly on the left hand bank
of combs. To facilitate this, small particles of the sample held in the tweezers are
opened up by puiling them over a single comb on thie right 6and bank before laying
them on the feft hand bank. 1 40 1262

Drop the left hand bank of combs one by one, extract with the tweezers all pro-
truding fibres and transfer them to the right hand bank. Lay the fibres in this bank
allowing $° of fibre length to protrude from the front comb.



Results 1

When all the fibres have been so transferred turn the bank of combs round and
commence extracting all the fibres which protrude from this side. These will
constitute the length group of fibre over 2° in length. Put these to one side on a
velvet pad. Drop the combs one by one and extract the protruding fibres so that a
number of length groups diminishing in steps of §° are obtained. When all the
fibres have been sorted, weigh the amount in each group.

The length distribution of the sampie may be expressed in terms of the percentage
weight of fibre in each fraction.

The results may be expressed visually in a block histogram, putting length of fibre
on the vertical co-ordinate and weight along the horizontal co-ordinate. The weight

of each group is marked off in order of decreasing length from the left hand side
of the graph paper.

The sorted fibre sample may be photographed for permanent visual record. Each
length group is spread out side by side on a velvet pad, starting with the longest
group at one end, aligning the bottom ends of all groups along a straight line. A
photograph of this array indicates both length distribution and textural ¢harac-
teristics.

01 040 1263
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Equipment 1

Maethod

Results

Rotap Ory Sieve test 14

The Rotap dry sieve test, described in the ‘Manual of Testing Procedures for
Chrysotile Asbestos Fibre’, is more useful on chrysotile fibres, where it can be
applied as a classifier. The action of the Rotap sieve shaker is such that it imparts a
horizontal oscillatory motion to a pile of sieves, while at the same time giving a
vertical tapping action to the pile. A series of 8” diameter Tyler standard sieves

are used, a typical descending sequence for Group 3 fibres being 3M, 4M, 6M,
10M, 20M, 35M, Pan.

The test does not classify amosites and blue asbestos fibres in terms of length.
This machine however possesses the useful property of separating the medium and
short grades of these types of fibres into fiberised material and non-fiberised
spicules. The fiberised material fluffs up and remains on the top three screens, while
spicules fall end on through the lower screens.

Rotap Testing Sieve Shaker complete with automatic timer. The machine operates
at 154+ 4 taps per minute, at a speed of 285 rpm (UK Suppliers: International
Combustion Products Limited.)

Tyler Standard Mesh sieves: 3M (or ¢ mesh), 4M, 6M, 10M, 14M, 20M, 28M,
35M, 65M and Pan. :

Balance capacity 200 gm, sensitivity 0.1 gm.

Screen sequences, weights of fibre and test duration times are given in the table
below.

Weigh the specified amount of fibre into the top sieve of the sequence chosen.
Close the nest of sieves into the Sieve Shaker, set the automatic timing switch to
the required time and switch on the machine.

At the end of the test period, weigh out the amount of fibre collected on each
sieve and in the pan.

Express results as the % amount of fibre retained on each sieve.

Table of screen sequences, sample sizes and test
duraticns Tor Rotap Sieve Tester

Screen sequences:
Fibre type ‘ Mesh

Amosites and blue
asbestos. Group
4 chrysotiles 3,4,6, 10, 20, 35. Pan

Group 5 chrysotiles 4, 6,10, 20, 35, 65. Pan

Group 6 and 7D chrysotiles ‘ 8, 10, 14, 20, 35, GSGT 0 4 0 1 26 4

Sample sizes and test durations:
Fibre group ‘ Sample size | Test Duration

Amosites and

blue asbestos ! 5gm 30 min
4 chrysotiles | 50 gm 10 min
5 chrysotiles I 50 gm 10 min

6 and 7D chrysotiles - 100 gm 10 min
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Measurement of Degree 2.0
of Openness

An assessmen: of degree of openness is probably the most important test which can
be applied to asbestos fibres. The test method involves measurement of the rate of
flow of air through a tightly packed plug of fibre. The technique has the advantages
of rapidity and of not interfering in any way with the characteristics of the fibre,
which can be used again in other tests.

The two types of air permeability apparatus hereafter described are the Blaine
Dyckerhoff apparatus, and the Rigden apparatus. The principle of operation of
both these is identical, but there are certain differences in manipuiation.

The plug of asbestos must be contained in an accurately dimensioned air per-
meability celi, and a description of such a cell suitable for use with amaosite and blue
asbestos is included.

01 040 1268



Equipment 1

Maethod 1

Silaine Dyckerhoff Air 21
Permeability tesier

The Blaine Dyckerhoff apparatus consists essentially of a U-tube of accurate bore,
one end of which is connected to an air pump and to the air permeability cell, the
other end being free to atmosphere. The U-tube is filled up to a prescribed level
with the liquid supplied with the apparatus. By operating the air pump the liquid is
raised in one limb of the U-tube. The liquid is then allowed to fall under its own
volition towards its equilibrium level, as it does 50, sucking air through the plug of
fibre in the air permeability cell. The time taken for the liquid to fall between two
predetermined points is recorded automatically on a clock. This time is a measure
of the degree of openness of the fibre.

The diagram on page 2-1/3 shows the essential parts of the apparatus. As received
from the manufacturers, the U-tube and liquid are packed separately. The apparatus
should be set up as follows.

Fill the U-tube (1) with the liquid supplied, up to within about 2 mm of the ring
scratched on the longer limb.

Unwrap the electrode assembly (2) and insert it into the shorter limb, ensuring that
the plug is pushed home.

Check the oil level (3) and if necessary, add more liquid drop-wise until the bottom
of the meniscus aligns with ring. (It may be necessary to check the oil level from
time to time, when the apparatus is in operation.)

Push the end of the longer limb into the wide rubber tubing (4) attached to the

valve assembly (5). Clamp the U-tube in position on the base of the clock cabinet
with the clamp (6).

Connect the apparatus to the mains electricity supply.

A balance of capacity up to 200 gm, sensitivity to 0.1 gm will be required for
weighing samples.

Porous paper plugs, and filter papers for use with the Blaine Dyckerhoff cell.
(These are supplied with the apparatus.)

Weigh out 50 gm of the sample of fibre to be tested.

Prepare the cell {7) by placing the perforated metal plate (3) in the bottom, laying
upon this a filter paper (10).

Put the fibre in the cell in small quantities at a time, ramming the fibre down firmly
with the packing rod provided. (This operation will be facilitated with a wide
mouthed metal funnel, made to a suitable size 10 fit into the top of the cell.) When
all the fibre is in the celi, cover the fibre with the flow distributing plate {11}, with
its wire mesh against the fibre.

Insert the cell plunger (12) and ensure that it is tight against the top edge of the cell

body. It may be necessary to place the complete cell in a vice to compress the two
parts together.

Place a porous paper dust plug (8) inside the bayonet fitting on top of the clock
cabinet. Attach the cell to the bayonet fitting twisting it to ensure a tight fit.

01 040 1263
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continued

Faults in
Operation

1

Switch on the apparatus. Turn the hand wheel operating the air piston, so that the
liquid rises in the left-hand limb. Observations should be made at the back of the
apparatus to ensure that it functions correctly both mechanically and electricaily.
The ail level will begin to rise in the right-hand limb as soon as the air piston has
been drawn to its fullest extent. When the oil level touches the middle electrode,
the clock will start, stopping when the oil level touches the top electrode.

The time T, in seconds recorded on the clock is proportional to the degree of open-

ness of the fibre. (See page 2-4/1 and Tabie I, page 2-4/3, for interpretation of
results.) ’

Incorrect functioning of the apparatus arises through faults developing at the
electrode assembly. These result in the clock failing to start until the oil level has
risen up to several cm above the end of the middie electrode, or even failing to start
at all. The following points should be observed :

The electrodes must not touch each other, nor must they touch the side of the glass
tube. If they do, they must be re-aligned so that they are equidistant from each other
and from the sides of the tube.

The electrode holder must not be allowed to be wetted with cil, otherwise this will
cause a short in the electrical system. if it has inadvertantly become wetted it
should be taken out, cleaned with alcohol and allowed to dry. The inside rim of the
left hand limb should be wiped free of oil before re-inserting the electrode assembly.

Electrical polarisation of the liquid may occur if the apparatus is left switched on for:
long periods of time. To avoid this it is advisable to switch the apparatus on only
during the period of making a measurement.

if the apparatus still does not operate satisfactorily it may be found necessary to

improve the conductivity of the liquid by adding to the liquid 2 to 3 mg of potassium
chloride crystals.

Air leaks. These may develop in the valve assembly or across the rubber cushion
between the bayonet fitting and the cell. It is advisable to smear silicone vacuum

grease inside the rubber sleeve (4) and round the chamfered rim of the bayonet
fitting.

Test for air leaks by smearing petroleum jelly or silicone grease round the top of the
bayonet fitting and covering it with a ground glass plate. Raise the oil level in the
left hand limb. The level should remain stationary for at least ten minutes.

Fit the cell in position, without the cell plunger, and repeat the operation with a
ground glass seal over the top of the cell.

In the event of a persistent air leak, strip down the valve assembly (5) and examine
the rubber sleeving on the non-return valve,

01 040 12370
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The cell supplied with the Blaine Dyckerhoff apparatus will accommodate 50 gm
of an sverage chrysotile fibre, without the need to use a great deal of force to close
the cell. The cell will accommodate 50 gm samples of the shorter, less open
amphibole libres, but usually tho dry bulk of amphibole fibres is so much groater
than that of chrysotilo that it is not possible to pack tho requisito amount into the coll,
Further difficuitios arise with long a:cosite and blue filwes, which will not pack
catiaiactonily i a nanonw cell, H tess th w the ipauiigite amusint of filwe is poacked into
the vell then factina wilist ba intiniucad W allow connparison uf the readings tor
ditferent weighits of fibre. Further factors must be introduced to account for the
different specific gravities of amphibole and chrysotile fibres.

For these reasons, two modified cells are used, each mounted in a2 small hand press
to facilitate packing of the fibre to a fixed volume. The smaller of the two cells has
an internal diameter of 13, and is intended for general purpose use with all
medium and short types of asbestos fibres. The larger cell has an internal diameter
of 3” and is intended for use with long amphibole fibres. Both cells provide fibre
bed depths of 1°. The essential details of this design of cell are shown diagram-
maticaily on page 2:2/2

These cells have been designed for connection to and use with any type of air
permeability apparatus suitable for measuring surface areas of asbestos fibres.
They are therefore referred to as the 11” Universal cell and the 3 Universal cell.

.To connect these cells to the Blaine Dyckerhoff apparatus, it is necessary to remove

Method 3

the existing Dyckerhoff cell, and fit a {” screwed spigot into the hole of the
bayonet fitting at the top of the clock cabinet. A length of rubber pressure tubing
should then be connected between the spigot and the cell.

Disconnect the cell from the rubber tubing before attempting to fill it with fibre.

Refer to Teble Il, page 2:4/3 and chcose an appropriate weight of fibre according
0 its visual cecree of opanness. \Weigh out the fibre sample and pack it into the
cail using a funnel and a ram, adding the fiore in small quantities of about5gm at a
time and pressing each lot down firmly.

-Fit the piston into the cell and return the whole into the press, tightening up until

the edge of the piston mates with the rim of the cell body.

Connect the cell to the Blaine Dyckerhoff apparatus and make the air permeability
measurement as described above.

The time T, in seconds is proportional to the degree of openness of the fibre.

01 040 1271



Electrical

connections

to clock
P ——

Air pistonf\ . f
2 Electrode ‘
assembly

3 Oil level

' D)
Essential details of 01 040 12.7"
Blaine Dyckerhoff apparatus

o owbbom e m———



i

R R

b

.‘_Zh
. -/

N2 :
2| E ¢
"l N
c / ‘
Q
:0 ) . / 1 - i ]
S g\ T
| a
& I BT
] //}—1.750" dia.
- A i
/| ,
i [T T | Extraction
point

"
u
4]
1t

—
_/

Assembly of universal 01 040 1273
air-permeability cell :

N N
M1



274

01 040 {1

paratus

| cell

o

iversa

Q.
©
(YN
v
o
N o
e
()
4
(2]
>
o

ine
ith un

Wi

Bla

-
i
-
o



Q)

CJ

(@

)

Equipment

Setting up the
Rigden Apparatus

-

:.{“p-f\ﬁ a\‘.“ ::/\ Mah: ;::-:‘\’ -:_" ‘tf‘v
SICLEN Al ~JeSrineadiiilyY (i SShiEi 23

The Rigden apparaius is a simpler and less expensive apparatus than the Blaine
Syckerhoff, certain elements of its construction making it nevertheless siightly
more accuraie and less variable than the laiter.

The diagram on page 2-3/3 shows the essential part of the apparatus. There are no
electricai components and the apparatus does not include a clock or an air per-
meability cell suitable for asbestos fibre. The instrument as supplied has all the
necessary internal connections made. As it may be used -in aliernative ways,
certain &dditional connections are included. These may be ignored, but the
following points should be checked.

In normal operation the twin bore 3-way tap (1) should be left in the position
shown (page 2-3/3). The connection (7) between the top of the limb L and the top
of limb R should be maintained in position so that limb R is not connected to
atmospriere. ’ B

Limb L has a side connection at the top to the spigot (3) marked ‘cell’. This spigot
should be ieft clear 10 atmosphere at all times, and the cells should not be connected
here. Ignore the spigot (2), marked ‘gauge’.

Connect the hand pump to the spigot (4) marked ‘pump’, at the side of the cabinet.

Connect a piece of rubber pressure tubing to the spigot (5), projecting up from the
base at the front of the cabinet. The air permeability cell is connected to this tubing.

A supply of dibutyl phthalate will be required for filling the apparatus.-(This is
obtainable from the manufacturers.)

A stop watch or stop clock.

A 12" or 3" Universal air permeability cell of the design recommended on page
2:2/1.

rilling with oii : Turn the tap (1) to the up position and pour the cibutyl phthalate in
through the tube (8), using a small funnel io facilitate this. Tip the instrument
forward while doing this, to avoid oil escaping down the side connection at the
top of limb L.

Add the ail up to the mark "Cil Level’, ensuring that when the upper part of limb L
ras crained free of oil, the oil level is correct. Return the tap (3) to its original
position,

Checking for leaks: Tuin tap (6) to suction and operate the hand pump, raising the
level of oil in limb R above the line marked °start’. Turn tap (5) to ‘off'. The oil level
should remain stationary for 2t least ten minutes. Check the rubber tubing con-
nections &t the back of the apparatus if it does not do so. Ensure also that the
taps (1) and (6) are sufficently greased with petroleum jelly, and that their bores
are not choked with grease.

Connect the air permeability cell to the spigot (5). Remove the cell piston and cover
the upper rim of the cell body with a greased ground glass plate. Turn tap (6) to
‘call’. The oii level will fall a little, but should then remain stationary provided that
the cell and its relevant connections do not leak.

01 040 1275



Method 2

b

Turn 12p (8) to ‘Suction’ before attempting to fill tne ceil with fibre.

Referto Taktle lil, page 2'4/4 and choose an app. .riate weight of fibre according to
its visual degree of openness. Weigh out the fibre scmple, and pack it into the cell
using a iunnel and a ram, adding the fibre in small quantities of about 5 gm at a time,
and pressing each lot down firmly.

Fit the piston 10 tne cell, return the whole into the press, tightening up until the
edge of the pision mates with the rim of the cell body.

With tap (8) at ‘suction’ operate the hand pump and raise the liquid level in
limb R to about 1 cm above the line ‘start’. Quickly turn the tap (6) to ‘off’.

Start the watch when the bottom of the meniscus level reaches the line ‘start’, and
measure the time taken for the bottom of the meniscus ievel to reach the line 'B’.
(Line ‘A" marks exactly half-way.)

The time T, in seconds recorded, is proportional to the degree of openness of the
fibre.

01 040 1374
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Note on the
Theoretical Background

References

Air Permeabiiity Tests using Blaine Dyckerhoff Apparatus
and 13~ Universal Cell,

Amosite, crude

LWVt of test sample = 4G6.5gm
Vieasurea Oyckerhoif time (T) = 13 sec
FAF =T x1 = 75 units

Surface Area = 580 v~ T

|

3800 cm 2/gm

Blue Asbestos, standard

Wt of test sample = 38gm
Measured Dyckerhoff time (T) = 30 sec

FRF =Tx2 = 80 units
Surface Area = 13804/ 1 = 7500 cm ¥/gm
Chrysotile, standard

Wt of test sample = 38.7 gm
Measured Dyckerhoff time (T) = 110 sec

FRF =T x 0.98 = 108 units
Surface Area = 1230+ T = 12800 em 2/gm

‘The Manual of Testing Procedures for Chrysotile Asbestos Fibres' recommends
that the Blaine Dyckerhoff apparatus be calibrated initially against materials of
known surface areas. These of course may not be immediately available, and in any
event they should be fibrous materials similar to asbestos. Their surface area should
also have been determined by an air permeability method.

Tables |, 11, 1If have been drawn up to eliminate the calibration procedure. The values
for FRF and surface area have been derived from first principies by the Kozeny-
Carman equation, taking into account the physical dimensions of the apparatus,
and the cells, and the densities of liquids used.

A further factor has been introduced to account for the viscous drag of liquid in
the narrow U-tube of the Blaine' Dyckerhoff apparatus. This crag has the effect of
making the time T, measured on this apparatus larger than that theoretically

- calculated. The factor introduced corrects for this effect. but only in so far as making

the Biaine Dyckerhoff readings directly comparable with Rigden readings. The
Rigden apparatus has a wider bore U-tube than the Blaine Dyckerhoff, and is less
susceptible to the effect of viscous drag liquid in the tube.

It should be recognised that with either of these types of apparatus, it is only'

possible to obtain apparent surface area measurements. Any such measurements
made on asbestos fibres by air permeability methods are lower than those found by
gas absorption methods, but for all practical purposes the air permeability method
gives comparable, consistent and useful results.

Kozeny: Ger. Wien. Akad. 1927 Vol 136a, p 271

Carman: Trans. Inst. Chem. Eng., 1937 Vol 15, p 150; JSCI Vol 56
Lea & Nurse:  JSCI, 1938, Vol 58, p 277

Rigden: JSCI, 1943, Vol 62, p 1

JSCI, 1847, Vol 66, p 130
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The resuits may be expressed as follows:

For rcutine measurements aiways made on the same type of fibre it would e
sufficient to decice on a suitable weight of sample and express dagree of openness
simcly &35 secends {T). It is to be emphasised that this method does not give
directly comparable resulits for ampnibole and chrysotile fibres, nor s it suitable if
used to compare a single grade of fibre in wicdely differing degrees of openness.

Tre measurement in seconds (T) is multiplied by a suitable factor, accounting for
weignt and type of fibre to give an expression of degree of openness called Flow
Resisiance Factor (FRF). This expression is comparable for all fibres and gives a
scale of values for degree of openness proportional to 1

(fibre diameter)?

Alternatively the square root of (T) is muitiplied by a suitable factor accounting for
weight and type of fibre to give an approximate Surface Area (cm2/gm). This
expression is comparable for all fibres and also with other methods of measurement
of suriace area. It is proportional to v/FRF.

Tables |, 11, 11l give a number of factors for converting T on either type of apparatus
to FRF or surface area, whichever is desired. A conversion factor for the Blaine
Dyckerhoff with the Blaine Dyckerhoff cell is included.

For purposes of international comparison of degree of openness of asbestos fibre,
a figure in surface area terms is to be preierred, as this can be understood indepen-
dently of the type of air permeability method used.

In applying these factors, the user has the choice of several weights of fibre to be
packed into the cell, depending on the degree of openness of the fibre. The more
open amphibole fibres are, the more difficult it becomes to pack a specified weignt
of fitre in the cell. Chrysotile fibres will consolidate with less difficuity over a wide
range of degrees of opening.

The tabies give three choices of weight of amphibole fibres, designated ‘Crude’,
‘Standard’ and ‘Very Open’. The 'Standard” weight will be found satisfactory for

most applications. Only two such weights are necessary for chrysotile fibres.

The following examples indicate the type of calculations and results involved:

01 040 1279
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Blaine-Dyckernoff cell witn the Blaine-Dyckerhoif apparatus.

Amosite and Blue . Weigat of Fibre ‘ FRF Units " Surface Area
Fibre . in Cel! (gm) 1 _emi/gm
Standard 50 FTx 1.9 13304 T
Very Open |35 T x5.01 121804 T

| . .

' H
Chrysotilo : '

t

; | _

Standard 50 T x 0.84 11707

-

iy Rows DRt PRy ™ - ™ X -
FNe ang Surface Area Consiants
CAFCO Universal cells with the Blaine-Dyckerhoff apparatus.

12" Universal Cell

Amosite and Blue | Weight of Fibre ; FRF Units : Surface Area
Fibre } in Cell (gm) i i cm?/gm

i y
Crude | 465 | Tx1.0 | 930 /T
Standard ; 38.0 | Tx20 | 13804/ T
Very Open 1333 | Tx3.0 | 1680 T
Chrysotile | i

' !
Standard l 36.7 ‘ T x0.98 | 1230 Van it
3~ Universal Cell
Amosite and Blue
Fibre
Crude | 153.2 | Tx1.89 1340 T

Blaine-Dyckerhoff clock reading = T sec.

Use the 132° ce!l for medium and short amosite and biue fibres.
Use the 3~ cell for long spinning blues and long amosite fibres.
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CAFCO Universal cells with the Rigden apparatus.

12" Universal Cell

sianis

Amosite and Blue i Weight of Fibre i FRF Units 1 Surface Area
Fibres | in Call (gm) i | cmi/gm

‘ .

i R
Crude | 50.0 ! Tx053 7204/ T
Standard 1383 + Tx1.35 111404/ T
Very Open | 30.0 " Tx285 . 16504/ T
Chrysotile ;

; [ —
Standard 1 38.7 P T X 0.68 10504/ T
3 Universai Cell
Amosite and Slue
Fibre
Crude 153.2 Tx135 { 11404/ T

Rigden stop-watch reading = T sec.

Use the 12~ cell for medium and short amosite and blue fibres.
Use the 3~ celi for long spinning blues and long amosite fibres.
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The Quebec Standard Asbestos Testing Machine can be usefully modified for this
purpose. Tne fourth tray or pan should be replaced by a similar pan, but of half
depth, and superimposed on this there should be a3 half depth tray having a 30 mesh
US Standard screen (or its Tyler equivalent).

The Quebec Standard machine possesses the facility, through its oscillatory action,
of concentrating grit beneath the fibre on the 10 mesh and 50 mesh screens. A grit
and dust separation may be made in the following steps.

Use 16 oz (450 gm) crude fibre or 100 gm milled fibre for each test.

On completion of the sieve cycle of the machine separate the fibre from each tray,
spreading it out on a flat surface and hand pick from it any particles of grit retained
in the fibre. (This is a simple operation with the material retained on the first,
second and third tray, but it is more difficuit with the -~-50M fraction). Combine the -
hand-picked grit with that retained on each relevant tray and weigh it in grammes.
Detailed results are usually expressed as:

% ++° grit
% =4M grit
% —-10M grit
% +~50M grit

The material passing S50M consists of rock dust and fibre fines, and the amount of
fibre it contains may well be variable. For practical purposes the material collected
in the pan can be regarded as dust. weighed back in grammes and expressed as:
% —50M dust

01 040 1234



Coiour 32

The colour of bive asbestcs fibre varies from dark biue for deep-mined fresn %ores
to a brownish ciscoloured blue for weathered fibres. Amosite fibre varies from
ash grey for iresh fibres 10 light reddish-brown for weathered fibres. Chrysctiles are
white, cream, or even pale grey coloured. The only satisfactory way of making
colour tests of asbestos fibres is to compare the fibre visually with a standard
acceptable to the user.

Matching tests should always be done under identical conditions. The stancard
fibre should te packad into transparent containers, using a fixed weight of iitre
and packing it into a fixed volume. (1 diameter glass test tubes or clear poly-
styrene piil boxes are suitable.) The unknown sample should then be packed in a
similar container under the same conditions, and visual comparison made.

01 040 1285
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The object of these tests is 10 provica data on the properties of asbestas fibres in an
assesios-cemeni slurry uncer conaitions which, as far as possible, are intended to
resemicie those in the vals and on the biankats of an asbestos-cement machine. By
using &n asbesios-cement slurry the wet voiume test becormes independent of the
initial pH and temperature of the water used. 3oth these parameters have marked
effzcts in the usual method of wet volume testing where fresh water and asbestos
fibres are employed, and lead to wide variations in the test figures. '

The filtration properties of asbes:os fibres are also highly dependent on both the pH
and temperature of the prepared suspension of fibres in water. The effect of the
cement in an asbestos-cement slurry is 1o provide what is virtually a buffer solution
of high alkalinity so that dependence on pH can be eliminated in the filtration test.
The test cannot be made independent of temperature and steps must be taken

either 1o make the test at constant temperature, or to correct the resuits for tem-
perature, as explained later. -

The method of test both for wet volume and filtration requires an asbestos-cement
slurry to be made with a preferred solids content of 5%, the solids having
asbestos:cement ratios corresponding to those used in practice. (For example,
zsbestos:cement 15:85 for pipe furnishes and 12:88 for sheet furnishes.)
Standard techniques have been devised for both tests. it is however both con-

venientand advantageous to use the board making apparatus described in subsection
4-2 for performing the filtration test.

Wet Volume Tests (Standard Procedure)
2000 mi stoppered measuring cylinders.

Mechanical inverter for measuring cylinders, with speed of 30 rpm and auto-stop
after 30 revolutions.

See pages 4-1/6, 4-1/7, 4-1/8 for details.

Filtration Test (Standard Procedure)

2500 m! capacity bress filtration cylinder, 3 (78 mm) internal ciameter, having a
deiacnable cone-shaped botiom end, screw fitted to the cylinder; the cone having
an internal 37 (76 mm) diameier, 30 mesh screen and a z° (6 mm) outlet cock.
The screen should be brazed to a 3° (6 mm) wide annular ring which locates
against a rim inside the upper portion of the cone, and should be backed by a soft
rubber gasket. {See page 4-1/9.)

The outlet cock ¢f the filtration cyiinder is connected to a vacuum pump capable of
pumping down to pressures of less than 5° (125 mm) mercury, at capacities of
more than 3 litre/min. A vacuum gauge must be included in the circuit, together
with a bieed vaive or other means of control so that the vacuum can be adjusted to
3" (125 mm) mercury.

A mechanical vactum pump, as such, is not recommended here, since efficent
and complicated safeguards must be provided to prevent water vapour from
eniering the pump chamber. It is preferabie to use a fluid pump such as the Watson-
Marlewe Peristaltic Pump (\iodel HSHR) or a small Mono Pump (Model M13).
Both of these will transport water and simultaneously provide adequate vacuum.

The Mono Pump must be provided with a separate inpotilatedaaﬁ, asf'ztg?:f
pump cannot be aliowed to run dry.

A simpler metnod employs a water vacuum pump such as is generally used for

filtration processes in the iazboratory. Such a pump can only be recommended
where the direct water mains pressure is sufficient to give the vacuum required.

A stop-clock is required for making time measurements in the filtration test.



TechniquesinWet 1
Volume and Filtration
Measurcments

Filtration Test (Altarnative Procedure)

The board making apparatus described in the subsection beginning on page 4-2/1
is eminently suited for filtration testing, and in fact the poard test as described
incluces time measurements to determine the filtration properties of the slurries
from whnich the toards are prepared. Such measurements are however only
comparative within the particular conditions of the board test, and the fiitration tes:
cescr.oed hare snould be made under the standard corditions set out below. The
acdvaniages of using the boara test apparatus lie in the iarger volume of siurry, and
hence iarger and more representative fibre samples; and in the larger area of
filtration usad, in comparison with the standard apparatus described above.

Standard Cement

Both the composition and fineness of cement will affect the resuits of these tests.
The compositions, and hence rates of hydration, of cements vary considerably and
the fineness of grinding may be such that surface areas of cements lie between
2200 and 4000 cm?/gm. The normal products of different cement works cannot be
expected to provide identical results in these tests. The cement component is
usugily, however, the one invariable in the raw materiais used in asbestos-cement
works, and therefore it should be chosen as the standard for these tests within that
particular environment. If possible the fineness of the cement should be stan-

dardised at say 3000 = 100 cm?/gm, and the standard cement should be kept in
air tight containers.

Process Water

In asbestos-cement manufacture, it is usual to recirculate the water used in process.
This water is saturated with lime, gypsum, and soluble alkalis and traces of other
ions dissolved out of the cement used in process; all these affect the state of
suspension and the filtration properties of the asbestos fibres in the slurry. To
ensure that these effects are repeated on the laboratory scale, supernatant water
irom wet volume tests and filtrates from filtration tests should be retained for use in
subsequent tests. All this ‘process’ water should be kept in a3 closed polythene
container for use as required.

Temperature

The filtration properties of an asbestos-cement slurry are dependent on temperature
to the extent that stancard filtration times may decrease by as much as five seconds
or more for every 1°C rise in temperature of the siurry. While changes in the
viscosity of waier come into play here, increases in temperaiure have 38 marked

-effect on the gel phases formed in the early stages of hydration of cement, these

tending to form larger and more stable particles as the temperature rises. Different
types of cement will of course produce different results. Over a fairly wide range of
temperature (5 to 25°C) the decrease in fiitration rate per degree C is almost
constant, so tnat as an alternative to preparing all filiration tests at constant
temperature, 8 correction can be made for whatever temperature at which a test is
performed. A calibration graph should be prepared from observations of the
filtration rate of a standard asbestos-cement slurry at different temperatures, and a
suitable reference temperature should be chosen depending on the mean ambient
termiperature of the environment. The slope of the calibration graph is not affected

by cifferent types of asbestos fibre, provided that all other conditions are kept
ccnsiant.

; 01 040 1238
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4 The Degree of Opening of the Asbestos Fibre

As a general ruie 2sbesios fibres will give higher wet buik volumes and higher
filtration times in the asbastos-cement slurry test, as the degree of opening (or
surface area) of the fibres is increased. Chrysotiles deflocculate in alkaline solutions
however, anc thus the effect of opening on this type oi {ibre in the wet buik volume
test is much less marked than on amphibole fibres (amasite, blue asbestos, etc).
On :he ciher nand the iiltration progerties of amphibole {ibres are much less
dependent on degree of opening of fibre trian are chrysotiie fibres.

The results of wet bulk voiume and filtration tests on different types of asbestos
can therefore be strictly compared only at some constant refarence point of surface
area, aithough for most practical purposes a compromise can be reached by

reference within a range of surface areas appropriate to asbestos-cement manu-
facturing processes.

Methods The test methods are given in step by step descriptions in the following pages.
Both the filtration and wet volume tests include two separate procedures. One
procedure concerns the testing of individual grades of fibre, the other concerns the
testing of blends of fibres. For purposes of standardisation such blends always
comprise 80% chrysotile fibre, and 20% blue or amosite fibre. The objective here
will be a comparative assessment of one of the components of the blend by
varying its grace or degree of openness, the other component being invariable.
The choice of a standard chrysotile, biue or amosite fibre will depend on local

circumstances allied to the requirements of an asbestos-cement plant or similar
process. '

Resuits ‘1 Results should be reported as:
WV (A/C) mi at 20°C (eg)
and Filt (A/C) secs at 20°C (eg)

2 The co}nplete properties of a fibre grade may be obtained by measuring wet
volume and filtration properties at a number of different degrees of openness.

Graphs showing the variation of these properties with degree of openness (surface
area) may then be drawn up.

Cor purposes of absolute comparisbn wet volumes ang filtration times of fibres at a
surface area of 10,000 cm?/gm should be obtained from such grapts.

For general purposes of comparison wet volumes and fiitration times of fibres may
be taken for degrees of openness in the range 6000 to 10,000 cm?/gm, but the
exact degree oi openness should be stated.

3 Test results generally fzll into the following groups:

I VWV (A/C) FiitA/C ' FiltA/C
' Standard Procedure sandard Procedure  Alt. Procedure
1l f sec | see
! , |
Chrysotile | 350 t0 700 | 600 to 900 ! 160 to 200
Blue * 1000 to 1560 | 200 10 350 ! 50 to 70
. ! :
Amosite | 1600 to 1800 i 100 to 200 : 40 10 60
l 1

Filtration times of amosites and blues are generally incepandent of degree of
sening; those of chrysotiles zre dependent on cagree of opening, but do not

.

-~

foliow a logicai pattern.
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Mixes

Method 1

)

Mixes

Preparation of the 1
Apparatus

Method 1

1"fet Volume Test— WV (A/C)

[ . s - M
tandard Procegure

5% slurries (20:1 water: solids).

7]

Test A Test B

For one grade of fibre for blends of 80 per cent chrysotile

. and 20 per cent blue or amosite

1400 mi process water
12 gm chrysotile fiore

3 gm blue or amosite fibre
85 gm cement

600 m! process water

1 1400 ml process water i
15 gm fibre

85 gm cement

600 mi process water

A RN
b wpN -

Put the components of the mix into an adequately sized can in the order given
above excepting the last 600 ml water. Mix the slurry vigorously by hand with a
large spatula for one minuzte starting from the time that the fibre is adced.

Transfer the slurry to a 2000 mi cylinder and wash down and make up with the
600 ml water. |

Fit the stopper 10 the cylinder and clamp the cylinder into the mechanical inverter.

Run the inverter for one minute.

Take the cylinder from the inverter and stand it on a level bench, starting the stop
clock at the same time.

Measure the wet volume of the solids after the slurry has settled for 30 minutes.
Siitration Test— Filt (A/C)
ancard Procedure

1.75% slurries (55:1 water: solids).

Test C | Test D
For one grade of fibre i For blends of 80 per cent chrysotile

and 20 per cent blue or amasite

. oaa

100 ml process water
5 gm asbestas fibre
30 gm cement

600 mi process water

1 1400 mi process water

2 4 gm chrysatile asbestos

3 1 gm blue or amaosite asbestos
4 30 gm cemant

5 600 ml process water

PO

Testing for lzaks. Fit a 3" (75 mm) diameter metal disc in place of the screen and
fill the cylinder with water. There should be no leakage into the cone or past the
screw threads.

Apparatus ccnstant. Place a 3° (75 mm) diameter filter paper on the S0 mesh
screen, and replace it in the apparatus. #us 2000 mi water in the cylinder. Ooen the
outlet cock and measure the time taken for the apparatus to crain completely - nor
under vacuum. This time is the zpparatus constant, which should be checked
occasionally. Corrosicn ar clogging of the screen or outlet cock will show up in an

increase in this constant. 0 1 0 4 0 1 2 Yy 0

fut the components of the mix into an adequately sized can in the order given aoove,
excepting the last 600 mi water. Mix the slurry vigorously by haad with a iarge
spatula for one minute starting from the time that the fibre is added.

()



O

()

S

Mixes

Transier the slurry to @ 2000 ml gizss cylinder and wash down and make up with
tne 6CC ml water. Fit a stopperin ihe cyiinder and clamp the cylinder in the mechani-
cal inverter used for wet volume testing. Run the inverter for one minute to complete
the mixing of the slurry.

Meanwhile, place a dampened filter paper on the 50 mesn screen in the cone of the
filtration cylinder. Screw the cone up ugnt o the cylinder and adjust the gauge 10
57 .17 (125 mm - 25 mm) Hg vacuum.

Quickly empty the siurry from the glass cylinder into the filtration cylinder. Start the
stop clock and at the same time open the cutlet cock of the cylinder.

The filtration time is measured from this moment until the vacuum breaks after
complete filtration of the 2000 ml slurry. The vacuum gauge should remain steady
during the whole period of filtration.

iltratica Testing - Filt (A/C)
Alternative Procedure

5% slurries (20:1 water: solids).

Test E
For one grade of fibre

Test F
For blends of 80 per cent chrysotile
and 20 per cent amosite or blue

i

1 3300 mi process water ! 1 3300 mi process water

2 25 gm fibre 220 gm chrysotile asbestos

3 141 gm cement ‘ 3 5 gm amosite or blue asbestos .
| 4 141 gm cement

Use the board making apparatus for mixing and for the filtration test.

Put the components of the mix into the mixer in the order given above, and mix
for one minute.

Meanwhile, cover the screen of the vacuum fiiter box with a moistened filter paper,
and start the vacuum pump. (The pump should be pre-adjusted to give a vacuum
at5” = 1° Hg (125 mm = 25 mm) with the vacuum line to the filter box closed
at the filter box end.)

Drop the slurry into the filter box and start the stop ciock.

The filtration time is measured from this moment until the vacuum breaks after
compiete filtration of the 3300 ml slurry. The vacuum gauge should remain steady
during this operation.



Main drive:
geared motor unit

0
/ 0.5 HP. 35 r.p.m. output

01 040 1232

Principle details of mechanical
inverter for wet volume test
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; Details of mechanical mverter
e for wet volume test
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Removabile filter sieve
formed of 50 mesh
stainless steel wire
screen attached to

3’ inside diam. ring

Removable cone-shaped
cup screw fitting to tube
(any convenient thread size)

Rubber sealing ring

1" pet-cock fitted as close
as possible to cone

Matl: 3 thk. (approx) brass
except where stated

01. 040 1

Standard filtration tester for
asbestos cement slurries
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iVicasurement of Reinforcing 42
Vaiue

There exists a number of laboratory methods for determining this measurement,
some of which require the preparation of a steam-autociaved asbestos-cement-
silica test board, and others requiring an air-cured asbestos-cement test board. An
air-cure test method is to be preferred because it compares directly with the curing
method generally found in large scale practice. The main advantage in the steam-
autoclave test method is that it provides a rapid turn-over of tests.

The following standardised air-cure test technique combines the best features of a
number of methods, and also provides an alternative means to that given in
subsection 4-1 of measuring the filtration properties of fibres in asbestos-cement
slurries.

This test aims at making a number of test boards from each sample of fibre, over a
range of cured and finished densities of about 1.4 to 1.75 (i.e. 85to 110 Ib/cuft),
all having a furnish of 10% of fibre. The moduli of rupture (MOR) of these
boards are determined by means of a suitable tensometer, and a mean MOR at a
density of 1.6 is calculated. The reinforcing value of the fibre then becomes a
measure of MOR, under fixed conditions of density and fibre content. The detailed
working of this method may be considerably narrowed down so that the reinforcing
value of asbestos blends may be determined at densities near to 1.6 (100 tb/cu ft).

Board Making Apparatus (see diagrams on pages 4:2/5, 4-2/6) comprising :

5 litre mixing vessel with 1/10 hp mixer complete with special impeller, and
with delivery trough for mix. )

Vacuum filter box to make 8° x 8” test boards.

A vacuum pump capable of carrying water vapour. Suitable pumps, as recom-
mended on page 4-1/1 for filtration measurement are the Watson-Marlowe Pump
Model HSHR, and the Mono Pump Model M13. The latter pump must be provided
with a separate input water bleed, as this type of pump cannot be aliowed to run dry.

Board breaking test machine. Hounsfield Tensometer (page 4-2/9) equipped with
breaking jaws for either 1" or 3" wide specimens: or similar type of transverse
testing machine, such as the Zwick tester.

Small press with 1C" x 10° platens, about 4° daylight, capable of total working
pressure of 40 to 30 tons, manually or mechanically pumped.

Humidity chamber. effective internal dimensions 2’' x 1° x 1’ to operate at 90
to 85% RH at normal temperatures. Water trough, similar dimensions to humidity
chamber.

Cement

It is preferable to obtain small quantities, say 100 Ib at a time, direct from the
manufacturers. The cement should be stored in 20 Ib air-tight tins, to reduce to a
minimum the degree to which it air sets. The cement should be regarded as a
standard material. It should be of uniform chemical composition from batch to
batch, and if at all possible, arrangements should be made to have the cement
ground orblended to astandard specific surface area, preferably 3000 = 100 cm?/gm.

Filter papers
No 1 Whaiman paper (or nearest available) cut into 8 x 87 squares.

01 040 1296
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Method 32

Preparation and
Curing of the Boards

R 2 P N e
Preparation of the Asbestos Fibre

The many types of mill used to process asbestos fibre have effects on the fibres
which vary between the extremes of disintegration {or shortening) and true
fiberisation (or opening). The ideal mill fiberises rather than disintegrates asbestos
fibre, but there are few laboratory mills which will satisfactorily fiberise all types of
fibre. The practical disadvantage here lies in the small diameter of these mills in
relation to the length of fibre, and this tends o bring about a shortening of fibres
superimposed on excessive fiberisation. This effect is accentuated with mills
having screens in the exit port.

Laboratory miills such as the Christie & Norris, Entoleter, BOP are generally satis-
factory only for the shortest grades of fibre. The laboratory Pallmann Mill is suitable
for all medium and short grades as used in the asbestos-cement industry, and can
be adjusted to produce degrees of fiberisation similar to those given by larger mills
of the same type. Ball mills and rod mills have been recommended for processing
chrysotile fibres on the laboratory scale, but this method of processing does not give
the best reinforcement results with amphibole fibres.

When processing fibres in the laboratory for the asbestos-cement reinforcement test,
a laboratory mill should be chosen and adjusted to produce a fibre having charac-
teristics reiated to those produced on the large scale. McNett classification and
measurement of degree of cpenness would be sufficient to characterise a fibre. It
is also preferable to have in the laboratory several standard fibres as processed and
used on the large scale, to which laboratory tests can be referred.

Process Water

As in the wet bulk volume and filtration tests, all the water used in the reinforcement
test should be process water filtered from the asbestos-cement slurries used in
board preparation, and re-circulated into the test. Filtrates from the siurries should
be pumped into a closed polythene vessel and retained for future use.

Prepare 3 to 5 boards for each sample of fibre using for each board:
3300 mi process water

480 gm cement (90%)
53 gm asbestos fibre (10%)

Place 3000 mi water in the mixing vessel, add the asbestos fibre and aliow to mix

for one minute; then sprinkle the cement in the vessel, and mix a further five
minutes.

Place an 8" square of dampened filter paper on the screen of the vacuum filter
box. Start the vacuum pump, remove the rubber bung from the bottom of the
mixing vessel, and allow the contents to drop into the vacuum box. Wash the
remnants of fibre and cement from the vessel, using a further 300 ml of water.

When all the water has filtered off, smooth down the edges and surface of the

board, pressing down the surface with a suitable implement to encourage further
drainage.

Shut off the vacuum pump, drain the vacuum box, then invert it 1o remove the test
board.

The filtration time of the slurry may be measured, in seconds, starting at the point
when the contents of the mixing vessel are dropped into the filter box, and finishing
when the vacuum breaks in the filter box. Filtration times measured under these
conditions of test are closely related to those determined in the filtration test
(alternative procedure, page 4+1/5) the results being greater than those determined

in the latter test by a constant amount due 1o the gr”tl thiﬂu*ﬁ of 1:2 ga?
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Testing the
Boards
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Transfer the boards one by one to the press. The boards should be pressed between
several layers of filter paper backed on both sides by a wire screen to allow escape
of surpius water (see page 4-2/6). Press eachboard at asuccessiveiy higherpressure
in the range 20 to 35 tons total pressure. Some initial experiments may be necessary,
the requirement being to produce a series of boards at various finished densities in
the range of density of 1.4 to 1.75.

Cure the Boards

For 24 hours in the humidity chamber.

For 6 days by total immersion in water.

Dry the cured boards at 100°C temperature for at least 16 hours.

Two methods are possible here, depending on the test equipment used. The boards
may be cut into a number of 87 x 17 strips, discarding the edges, for breaking on
the Hounsfield Tensometer; or 8" x 3° strips again discarding the edges, for
the Zwick Tester. If the latter method is chosen, then it is preferable to prepare in
the first instance duplicate boards at each density (making 6 to 10 boards in all).

A diamond or carbide-tipped wheel shouid be used for cutting the finished boards,
but if such is not available, it is advantageous to cut the boards on a band-saw,
when they are partially cured after 24 hours in the humidity chamber.

Measure the MOR of the test strips, using the tensometer, and make an average of
all the results obtained for each board. Retain part of each test strip for density
measurement.

Density measurements may be made in two ways:

take pieces of each test strip after breaking in the tensometer, cut them down to a
suitable size, say 1 x 3" and grind the edges and faces smooth. Accu}ately
measure the dimensions of these strips, determine their volume, weigh them and
thus determine their density, in gm/cc units; take an average density for the board.

as in (a) take pieces of the test strips cut down to 17 x 3" size, and without any
further preparation, weigh the strips in air and by total immersion in mercury. This
latter method is rapid and less tedious than (3), but requires a balance with a specia!
device for weighing in mercury. Details of this device and method may be obtained
if required from Cape Asbestos Fibres Limited.

Make a graph of MOR against density for the average measurements obtained on
the test boards. With reasonable care in preparation of the boards, the points
obtained will fall in an approximate straight line (see specimen graph on page
4-2/7). Determine from this line the MOR at a density of 1.6 (i.e. 100 Ib/cu ft).

This MOR represents the reinforcing value of the fibre examined. The reinforging
value may be converted into arbitrary units, using for this basis a figure of 100 for a
fibre giving an MOR of 4000 Ib/sq in at 2 board density of 1.6 and a raw materials
fibre content of 10%. Sy putting:

test board MOR at censity 1.6, fibre contant 10%

x 100
4000

a scale of values for various fibres can be drawn up.

01 040 1238
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Testing tha Reinforcing Reinforcing values increase with increasing fibre contents up to a limit of
Value of Blends

P-4

about 13%. The above method assumes a standard furnish of 10%, but where
manufacturing processes require furnishes of other amounts, say 15% as in

typical a/c pipe manufacture, then it may also be desirable to make laboratory tests G
under similar conditions. This, moreover, leads to the more realistic applications of

this test in the determination of the reinforcing properties of blends of asbestos.

in such investigations the combinations of asbestos in both types and proportions

are innumerable, and it is recommended that a standardised procedure along the
following lines be adopted.

Choose a suitable chrysotile, for example a SR, and let this make an arbitrary

] furnish of say 15% in the asbestos-cement mix. Substitute in this furnish parts
of amosite or blue asbestos so that the furnish is then made up of 12% chrysotile
and 3% amosite or blue asbestos. Test boards may then be made up from these
blends, varying only the type of amosite or blue asbestos.

Having established that such furnishes give an enhanced reinforcing value, it is
possible to extend the principle of test to ascertain economic blends of fibre. For
-- - - . example if a 15% furnish provides a reinforcing strength greater than the control
blend, it should be possible to find a lower percentage furnish which will give the
same reinforcement as the control. This then enables the establishment of blends of
lower cost than the control blend. . O

L

@




. vg perf. plate

Drive: Geared motor unit
0-3,000 r.p.m. output

5% litre mixing vessel
8’ dia x 10" deep

Inclined chute

Filter paper

Vacuum pump %
Vacuum filter box
/ 8" x 8" x 12° deep
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Plot of M.O.R. of test boards
against their density, at
constant fibre content
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Board making apparatus




Hounsfield tensometer with
sample in test position
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Micisture and iznition Loss 5-1

The moisture content and ignition loss of asbestos fibre are not citen required as
essential prcperties in reiation to a manufacturing process, but may be needed to
meet a contrzct specification. Aithough well recognised laboratory crocedures for
determining these properties exist, there are certain characteristics about asbestos
which necessitate special attention to techniques.

Firstly, asbestos fibres have high surface area and absorb moisture quickly from the
atmosphere. The analytical procedure for determining moisture content must
therefore be rapid and with minimum source of errors. Secondly, the ignition loss of
amphibole asbestos fibres will not be the same in an oxidising atmosphere as it is
in an inert atmosphere. The conditions of measuring ignition loss must therefore
be stated.

Determination of Moisture Content
A number of proprietary makes of moisture balances are available, and it is recom-
mended that for general purposes, one of these be used.

An exact weight (e.g. 10 gm) of fibre is weighed out and placed on the pan of the
balance. The sample is heated by an infra-red lamp and the percentage molsture
loss is directly read off the scale.

The disadvantage of this method lies in the inexactness of the temperature of
the test; it may be 100°C £ 20°C.

Accurate Method

Temperature controlled oven, operating at 105°C = 1°C.
100 ml capacity glass weighing bottles, with caps.
Dessicator.

Analytical balance.

The weighing bottles should be dried in the oven and kept in the dessicator prior
to use.

Tare the weighing bottle and cap; fill it loosely with asbestos fibre and re-weigh
to obtain the weight of fibre.

Dry the filled weighing bottle and cap separately at 105°C for two hours. At the
end of this time repiace the cap on the bottle and transfer it from tne oven to the
dessicator.

Allow the bottle 15 minutes to cool in the dessicator and then re-weigh it. Calculate
the % loss in weight as moisture content.

Determination cf Ignition Loss

A temperature controlied tube furnace fitted with a work tube. Trie inlet end of the
work tube has dual access to a vacuum pump and to the appropriate gas cylinder
via a flow meter. The outlet end has a2 vacuum-type glass one-way tap, leading to
atmosphere.

A diagram of a suitable apparatus is shown on page 5:1/3.

Combustion boats, approximately 10 cm long x 1 cm wide x 3 cm deep.
Aluminium oxide powder.

Analytical balance.

01 040 13C6
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Interpretation of Results
of ignition Loss Test
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Place a thin layer of aluminium oxide powder in the bottom of a combustion boat.
{This will prevent fused asbestos sticking to the boat on completion of the test.)
Weigh the boat, and then weigh into it approximately 2 gm of the sample of asbestos.

Push the boat 10 the centre of the furnace work tube, close the work tube by
inserting the bung A and closing down the tap B. Set tap C to vacuum and outgas
the work tube for 30 minutes.

Set tap C to the gas cylinder (oxygen or nitrogen). Open the gas cylinder valve
gently and observe the gas flow. This will start rapidly and then begin to fall off as
the work tude fills with gas. As soon as this occurs open tap B. Adjust the gas
flow to about 75 ml/min.

Start the furnace up and raise the temperature to 1000C, holding it for two hours.
Allow the temperature to fali to about 200°C, then shut oft the gas flow, take out
bung A and withdraw the combustion boat. Piace the boat in a dessicator, and
reweigh it when cool.

Calculate the % weight loss as ignition ioss.

Amphibole asbestos fibres have an ignition loss of 2 to 3% due to loss of
combined water, when the tast is made in an inert atmosphere {nitrogen). In an
oxidising atmosphere this loss of combined water is offset by a gain in weight of the
fibre due to its oxidation. The oxidation process is completed only at temperatures
above 900°C, therefore the test temperature of 1000°C must be adhered to. The
net loss tnder oxidising conditions will generally be up 0 0.5%. If the
ignition loss test is made by conventional means, say in a8 covered crucible in a
muffle furnace, there may be restricted access of air to the sample and a result
will be obtained which may be intermediate between those found in inert atmos-
phere and pure oxidising conditions. A similar effect may be found if the sample is
not out-gassed before making a test in an inert atmosphere. Resuits will only be
repeatable when the conditions described in the method above are strictly observed.

Chrysotile fibres have ignition losses of about 13% independently of the
surrounding atmosphere, and at temperatures in excess of 800°C.

[t must be emphasised that a statement of ignition loss of asbestos fibres must
include the conditions of test. These should state: temperature, inert or oxidising
atmospnere and duration of ignition temperature.

01 640 1367
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Sample boat

Vacuum pump

t Flowmeter
Furnace temperature controlied V

Gas cylinder

Ignition loss apparatus _
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The zcid resistance of asbestos fibres, particularly blue asbestos, provides one of
their most imgortant chemical properties. As these fibres find use in chemical
resisizni piasic laminates and in battery boxes, a standard zcid loss test is a
prereguisite in cetermining the most suitable grade of fibre. A knowledge of the
acic extraciable metals calcium, magnesium, iron and manganese is aiso important,
mangenese teing particulariy so in relation to battery box manufacture.

The test is made under reflux using:

A 500 mi round bottomed flask.

A Liebig condenser fitted in ine flask.

A heated sand bath or electro-mantle to heat the flask and contents,

An analytical balance, dessicator and drying oven (105°C), Buchner flask, sintered
glass crucibles (No 1 porosity).

Eitrer ¢f two procedures may be adopted :

A standard battery acid test, boiling the sample under reflux for one hour with
40% =.S0.4 (SG 1.250).

Ex'naus:ive tests in which sampies from the test batch of fibre are refluxed for
$hr. g hr, 1 hr, 2hr, 4 hr and 8 hr periods. The types and concentrations of the acids
used are at the discretion of the user.

The technique for all these tests is identical:

Exactly 3 gm of dried fibre is placed in the flask with 150 mi of the required acid.
It is advisable to add also a few large glass beads to minimise bumping when the
test is commenced. Fit up the apparatus and bring the contents of the flask 1o the
boil. The start of the test period is taken when boiling commences.

When the test period is over, the contents of the flask are filtered over a tared coarse
sintered glass crucible (No 1 porosity), mounted over a Buchner filter flask. The
iibres retained in the crucible are washed with distilled water, to remove all traces
of acid. The fiitrates are to be retained.

The crucible is dried at 105°C and weighed back.
The weight loss is then calculated as a % of the original weight taken.

For a battery box fibre this % weight loss is the final test figure. When
exhaustive tes:s on a fibre have been made, the observed weight losses are plotted
on a grapn against corresponding test periods. The graph shows both rate of weight
loss and ultimate weight loss {or ultimate acid resistance).

Exhaustive tests on fibres may te made with HCI, H.SO, HNO; CH;COOH,
HiP0. &:d concentrations of these may be varied from 1% to 40% as required.
ror comparative purposes 20% HC! should be used as a basis, as this acid has the
most dastructive effect on asbestos fibres.

Coricentrations: .
20% HCI: Dilute 480 mi ‘Analar’ concentrated acid to 1 litre.
40% H1S0,: Dilute 222 ml ‘Analar’ concentrated acid to 1 litre.

The filtrates from the acid loss test, which have deen retained in the Buchner flask,
cre trunsferszaio a 1 litre beaker, for quantitstive examination of Ca. Mg, Fe and Mn.

Eromine water is added to oxidise any ferrous ions prese the fergcstate rglj\
soiuzion coiled down 10 150 ml. "D‘i 6‘3‘:0 f 99




A few grammes ot NH.Ci are adced to the soiution and the ferric iron is then dcoutle
precipiiated with ammoniun. hvcroxice. The suspension is filtered hot and the
filtrate collected in a siandard flask and made up to 500 ml. This solution contains
the Mg and Ca ions whnich are determined volumetricaily with EDTA.

The ferric hydroxide precipitate (after nhaving been wasned with 2 1%
soluticn of NH.NO; containing a few drops of concenirated ammornium hydroxide—
the washings being zcded to the Ca/Mg soiusion) s transierred with the filter
peper 10 @ ceaker coniaining dilute H,SQ4. This is boiled gently 10 dissolve up tne
Fe™=~ and 1o disintegrzta ine filter paper. The macerated filter paper is filiered off
and the solution mace up t0 230 ml in a standard flask ana the ferric iron determined
volumetricaily with mercurous nitrate.

liernatively, after bolling and dilution, if the iron is present in suitable quantities,
then the ferric iron sclution containing the filter paper suspension can be titrated in
tot0 against mercurous nirate.

Manganese is determined (in cases where the extract does not contain HCl) by
making the solution obiained aiter filtration of the fibre up 10 2 known voiume of
500 m! and pipetting off 100 ml for the Mn determination. The remaining 400 mi
is then used for determining the Ca, Mg and Fe content as descrioed above.

To the 100 ml of soiution suiicient phos;ihoric acid is added 0 iust deccicurise
the iron salts, then one gram of potassium pericdate is zcded and the solution
heated to boiling — it is kept gently boiling {or five minurtes. Afler making up to a
suitable volume it is dstermined colorimetricaily. With acid less tests carried out
using HC! a more invoived procedure is necessary, as all chloride ions must be
removed as they will interfere with the Mn determination.

The 100 mi portion is evaporated to dryness and a few cc of concentraied H,S04
added to the residue to remove ail chloride. The extract will fume vigorously,
heating being continued unti! the H;S0O4 has been reduced to at least half its
volume to ensure that all chloride has been removed.

The concentrated extract is then diluted and the manganase determined on this
solution as before.

01 040 1310
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ssiing 9-1

A smegli asbestos testing laboraiory, suitabie for both routine and investigational
work requires 300 10 600 sg ft of szace, and should comorise the following sections.

~ Cry iestng secuon, containing the Cuebec Standard Testing Machine, the
Slaine Dyckerhoii (or similar) air permeability apparatus, a laboratory fibre mill,
anc afibre sorting bench ; also Roiap Sieve Shaker (if required).

Two weighing scales will be needed ; a large pan scale, capacity up to 5 Kg, scale
both in Kg and b, with subdivisions to gm and 0z, accuracy about 5 gm or ¢ oz,
‘or use with the Canadian,Sox Test; & smail pan scale, capacity up to 200 gm
accurate to 0.1 gm for use with the air permeability apparatus.

This section should be adequately dust exnausted and if possible partitioned off
from the rest of the laboratory. Dust exhaust hoods should be sited over the
Quebec Standard Testing Machine, the fibre mill, the sorting bench, and the
sieve shaker. -

A wet-tasiing section, containing the McNett classifier, the reinforcing value test
equipment, fiitration and wet volume testing aquipment. Ail these will require water
supplies and a large sink should be provided. A large oven, capacity about 3 cu ft
fitted with four perforated metal shelves wiil be needed for drying McNett samples
and test boards.

Two weighing scaies will be needed ; a small pan scale, capacity up to 500 gm but
accurate to 1/10 gm for use with all tests except the McNett classifier ; a laboratory
balance, accurate to 1/100 gm for use with the McNett classifier.

A bench for misceilaneous tests, including colour matching and length sorting.
Glass beakers, measuring cyiinders and iarge Petri dishes are ali useiul items for
the visual examination of sma:i sampizs of {ibre in water. A microscope should be
provided for the examination of astesios {ibres and asbestos-cement board.
Probably the most useful type ¢f instrument for this purpose is a8 stereoscopic
microscope having several magnifications up to x 80.

Fiore storage shelves. These shou!d allow for:

~Storzge of bulk samples for testing.

Storage of smai! anveiope or box sampies of ali fibres testea, so that a permanent
index of these may oe buiit up.

The estimated tctal cost of the test ecuipment for such a laboratory will be over
£3.000. about hzif of which wiil se accounted for by the Quebec Standard Testing
Mechine and tne McNett ciassifier. 2enches, storage shelves, dust exhaust
equipment and services may account fcr a furiher £1,000, but as much of this wiil be
built locally, es ’will some oi tha test aquipment, overall cost of the laboratory wiil
vary scmewhat from place 10 place.

01 040 1312
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The Quesec Standard Asbestos Testing Machine
Craw.ngs cnuyl Naticnal flesearcn Ceounci! of Canada, Publication No NRC 2470,
"Specifications and Drawings for Quebec Siandard Asbestos Testing Machine,
Modceal No 2 1838
Complete Machine: Lynn Macleod Engineering Suppiies Limited,
Thetfora Minas, Quebec, Canada.
The 3auer McNett Classifier No 203A
Bauer Srothers Company, Springiield, Ohio.
H. £. Messmer Limited, 144c Offord Road, London N1, England.
The Suter-Webb Comb Sorter
Alfred Suter Company, 200 Fifth Avenue, New York, USA. o
The 3laine Dyckerhcif Air Permeatility Apparatus . ,C
Chemiscnes Laboratorium fur Tonindustrie,
Stammhaus, Berlin (West), den Eerlin-Reinickendorf 1,
Xopenhagener Strasse 60-74¢, Weast Germany,
The Rigden Apparatus
Griffin and George Limited, Ealing Road, Alperton, Middlesex, England.
Cape Asbestos Fibres Limited, 114 Park Street, London W1, England.
Universal Air Permeability Cells
Cape Asbestos Fibres Limited, 114 Park Street, London W1, England.
Vacuum Pumps
Mono Pumps Limited, Mono House, Sexforde Street, London EC1, England.
Watson Marlow Air Pumps Company, Mariow, Buckingnamshire, England.
inverter
Cape Asoestos Fibres Limited, 114 Park Street, London W1, England.
-Tensometars O
~7

Tensometer Limited, 31 Moriand Road, Croydon, Surrey.
Zwick & Company (G, Einsingen 8ei Ulm-Donau, Germany.

Laboratory Mill
Ludwig Pallmann Limited, Zweibrucken Pfals, Germany.

Rotap Sieve Shaker
Internationa! Combustion Producis Limited, 19 Woburn Place, London WCI1,
gngland.
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PART IT -- CHRYSOTILE ASBESTOS

SECTION 4 .- MOODY FIBRE FLUFFER

The Moody Fibre Fluffer re-opens pressure packed asbestos
fibre, which now arrives at Berlin in paper bags and which
is chrysotile asbestos. However, Cape is installing some
bagging equipment on a trial basis for pressure packing
amosite in the future. All of the grades from shorts in 7D
grade up are restored to their fluffy pre-packaged condition.
wWhether this is done as efficiently and to this maximum
degree by wet milling through the Bauer Mill is probmatical?
At 15 ton capacity this is sufficiently great to allow
fitting into the Kaylo batch mixing operation. The merit

of such a piece of equipment opening of chrysotile dry can
be measured by the result of opening chrysotile through the
Pallman Mill and whether or not settings for openings have
to be changed on the Pallman between amosite and chrysotile
asbestos fibres,

01 040 1316
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-» rwe  PMOODY Fibre Fluffer

' Aeaar Co. ine. re-ocpens Pressure Packed
Ashestos Fibre !

...all grades of pressure
packed asbestos from shorts )
7-R to spinning fibre 3-R 1
restored to pre-packaged
_fluffy condition «= free from
lumps and mats.‘Compcct,
simple to operate — fits into
any production line. Up to {
15 ton capacity per hour. '

™

American Brase
American Smelting
Armutrong Cork Co. -
Aute Specialties
8attenicld Grease
Durex Piasties
Eaton Mfa. Co.
Fiintlote Co.
Griztiy Mig. Div,
. Henry, W, W
. toower Cliemicol Con
intand Mig, Div
Joins-Maaviile
Linide Air Products’ "
: Marshall-Eclipse
4 : Oiv. ol Bendix
' Nationai Ocick Ca.
H National Gypsum
4 : Nicolet Industries,
B . |tamilion, Ohio
. . Nigolet Imiunna,
i : Norristown, Pa,

I
[
|
l
|
l
I
|
|
; philip Carey Co. |
|
|
|
|
|
|
|
|

' Supracur Miq. Corp.
. Thermoid Co,
Union Asbestos
U, S, Gynsum
Worldbestos
- Canade
o Asbesios Coro,
| Asbestonos Corp.
A, Allas Asbestos
Canadiian Johnse
Manvijle
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o Cassior’ Atbestos
P Husky Oil
. Lake Asbestos

(- Elsewhare
' 8eral.Bremidelag Kg.,
g West Garmaony
. Gveritubo,
L - France
V. Helienie Building
. Materials, Greece
_ P Industria do Aspestos
Ve Dominican Republic 1

N lsrael Brake Lining, .
t lsrul l '
0. Jones, India - . —
! Pacmq: Machmary, I
] Philippines i e . .
be Turner Bros., England Full det and litercture on req
: P.0. BOX 10, MOUNT NOYAL 2.0, * MONTREAL 14, QUE.

o MATTHEY
NIQODYV

. . i O N CANADIAN BOWL-MOR COMPANY LTD,
Head Olﬁn & Plnt: Terrebonne, P.Q. © Branch Offices: Montreal & Toronte
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SECTION 5 -- MILLING ASBESTOS

This is an article on the preparation of chrysotile asbestos
from the mine to the shipping bag. It was written by

J. C. Kelleher, of the Johns-Manville Corporation, who

was the General Sales Manager of their Asbestos Fibers Divi-
sion operating their Thetford, Quebec mines. At one time -
the Kaylo Division bought all of their chrysotile asbestos
from this source. The switch to other producers of chrysotile
asbestos came about several years ago, when the J-M chrysotile
was discovered to contain the highest chloride content.

This was inconsistent to our attempt to lcwer the chloride -
content of all Kaylo end products.

The terms 'crudy! and ‘open' are defined regardlng the type

of asbestos bundles, where the former is coarse or relatively
thick and as 'open' when the fibers are finely divided.
Packaging in compressed paper bags has been adopted 100 percent
for grades used in manufacture of calcium silicate insulation,
since this article was written.
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MILLING ASBESTOS

By 1. C. Kelleher!

Asbestos owes its place of importance in industry
to a unique combination of qualities. It is the only known
material which combines the fibrous characteristics of an
organic material, such as wool or cotton, with the resis-
tance to heat, wear and time, of a mineral, such as
granite.

Production of uasbestos requires two major steps,
mining and milling. Mining consists of removing the fibre
bearing ore from the mine and delivering it to the mill,
and is therefore like many other mining or quarrying
operatinns. Milling covers the steps necessary in remov-
ing the fibre from the ore, and the cleaning, grading,
and bagging of it for shipment. Asbestos milling is like
no other type of mineral recovery and therefore requires
special machinery and mill design.

We shall discuss the milling process, principally as
ir. refers to the production of Chrysotile fibre, the major
asbestos of use in industry. As much as 480,000 tons of
fibre have been milled in Canada in a single year.

To understand the milling process, it is necessary to
visualize the objective and the characteristics of the ore.

Since the value of asbestos fibre depends largely on
the fibre length, every effort is made to prevent redue-
tion of length, that is, the cutting of the fibre during
the milling operation. This objective is carried out in the
Jdesign and operation of all mill equipment.

The fibre itself is an integral part of the rock or ore.
It has the sume density and chemical make-up and is of
equal hardness. Fibre occurs in veins of varying widths,
the width of the vein corresponding to the length of the
fibre. Veins may vary from two iuches in width down to
1/32 of an inch. The average width of fibre veins is well
below 1/2 inch. The direction of fibre length is at right
angles to the plane of the vein. Fibre in mill rock usually

1 Manager, Asbestos Fibre Distributors. Division of Johns-
Manville Sales Corpcration.
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runs from three to ten perceut uf the total rock fed to the
mill.

CRUSHING AND sCREEXNING

Briefly stated, the entire milling operation consists
of extracting the fibre from the ruek by repetitive erush-
ings of the ore, at each crushing removing as much free
fibre as possible by air-suction or aspiration and screen-

ing the freed tibre, to drop out saund, rock and dust. The
standard dry separation of fibre {rom rock is based on

A typical sample
of rich ore,
showing cross vein
fibre jormation

the principal that fibre which has been partially opened
or fiberized in crushers is lighter in density and offers
more resistance to air flow than unopened fibre or rock,
and can be lifted by a light air current which will not
lift the rock particles. Russian mines have taken advan-
tage of this difference in density of vpen fibre and rock,
and separute them by letting the material flow by
gravity down an inclined chute. The heavier rock parti-
cles are thrown farther from the end of the chute than
the lighter fibre, thus obtaining a rough classification.
Various combinations of equipment have been in-
stalled over the ycars to obtain a combination of high
quality fibre and economie operation. The accompanying
chart (see page 4) shows the sequence of major opera-
tions common to practically all mills. It does not purport
to show the full complexity of a complete mill flow line.

Rock or ore from the mine is fed to primary crushers
from a storage bin large enough to assure ample feed for

—
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the will. The primary crusher, wswadly ol the jaw type,
is capable of taking vock up 10 438 inches in size, weighing
up to a tou or move. The jaws are set to crush to ap-

proximately six inches in width at diseliarge.
Crushed roek i~ carrie:l to trommel sereens—large
revolving eylinders with various ~ize openings, which

M\Ll: ORE
SRIMARY CRUSHING (Rockup to 487)
TROMMEL SCREENS
OVERS THROUGHS
SECONDARY CRUSHING
DRYERS
MILL ROCK STORAGE
THIRD STAGE CRUSHING
SHAKING SCREENS-OVERHEAD SUCTION
FIBRE  OVERS  THROUGHS

CLEANING CRUSHING
GRADING  SHAKING SCREENS-IVERHEAD SUCTION |

FIBRE  OVERS  THROUGHS.

CLEANING FIBERIZERS
GRADING  SHAKING SCREENS-OYERHEAD SUCTION

<eparate the rock too
laree to be fed to the
deyers The  larger
rock. over fonr inch-
es. v fed to a secon-
dary stage of erush-
e, usnally a gyra-
tory or cone type
crusher, before join-
ing the sereened rock
and passing on con-
vevor belts to dryer
bins,

At this point in
the mill flow the roek
must be dried. as. de-
peniding on the sea-
~on il weather, the

will ore contains
varying amounts of
moistnre: snow  and

FIBRE  OVERS  TWROUGHS
(LEANING FIBERIZERS  TAILINGS
GRADING  SHAKING SCREENS-QVERHEAD SUCTION . qften enter the

Tupical mill flowe sheet uiill with the orve in

Showing exsential operations, winter. Efficient
willing operation requires completely dry ore,

Drying is aceomplished in either stack or votary
dryers varying from 30 ro 66 teet in leugth and 5 to ¥
feet in diameter. In cither vase the rock is caseaded thru

- a current of hot air gencrated by oil or coal furnaces, the
- rock being in contact with the heated air from a few
seconds to twelve winntes, depending on the amount of
moistare, the type of dever, the temperature of the dryer.
and the rate of feedl. Drying temperatnres range from
200 deg. F. to 1000 doeg. F.

_—d—
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Roek trom the drycees is conveyed 1o a large, dry,
reck storaze roow, or bins where the latent heat in the
ore completes the drying process. The stovage bius act as
a reservoir of rock to asare a constant fiow of miil feed,

The necessity of tremendons roek storage capacity
is readily apparent. when we consider that mills consume
as hich as 300 tous of ore per hour or 0UUU tons in a 20
hour day.

A large dry storawe of ore eliminates variations n
mill ferd due 1o changes in the ore from hour to hour.
Many days” supply is piled in layers, which tends to
average the mass when a supply is withdrawn,

Ope from the storayge bins running up to two to three
inches in ~ize is pat thra a third stage of crushing in
ctushers of the gyratory or cone type which further
ernsh the rack and free the fibre,

The praduct of the thivd erushing stage is fed to
heavy shaking sereens equipped with powerful air sue.
tivn hoods, where the first step of fibre removal oceurs.
The ~haking or bumping action of the sereens. obtained
by an cecentric drive mechanisin separates the light,
partiaily opened fibre fromn the heavier rock and sand
particles. The ore and fibre mass passes down the screen
widedd by the shaking motion, and under the suction hood
where the free fibre is lif'ted by air suction and the rock
passes over the end of the sereen. The undersize material
passes thirn the sereen and to fiberizers for further treat-
ment.

The [reed fibre is led to duplex two level) shak-
ing ~ereens, equipped with suetion hoods, where it is
separated into long, medium and short fractions. The
long tibre remainiug on the top screen is picked up by
suetion and delivered to a fibre colleetor. The medium
length tibre from the lower sereen is fed to a single deck

“shaking sereenn where it in turn is picked up hy suction

and delivered to a collector for its particular grade or
length, The short fibre passing the lower screen is con-
veyed to hins for further grinding and cleaning for
specind short grades. The rock, passing over the ends of
the heavy shaking sereens, is carried ta a fourth and last

—F
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stage of crushing, where it is reduced to approximately
one-quarter inch in size and again passed over shaking
screens with suction for fibre removal. The fibre is dis-
charged to collectors for the various lengths of fibre.
The rock. which remains after the fourth stage of crush-
ing, i. e., material passing over the ends of the screems,
and the undersize from the first or rock screening opera-
tions, are fed to fiberizers, not crushers, for further
separation.

Here we should point out the difference between &
crushing and fiberizing action. The erushers break the
rock by pinching or compressing it. The fiberizer, which
consists of high speed hammers in motion, breaks the
rock by blow or impact. The falling rock is struck by re-
volving hammers with a top speed of 10,000 feet per min.
ute. In either case, fibre is released. The impact break is
more severe and is not usually used until the longer, more
valuable fibres have been freed.

The product of the fiberizers, like that from the
crushing operations, is fed to shaking screens where
again the fibre is collected by suction and carried to fibre
collectors for different lengths of fibre.

The steps of fiberizing, screening and suction are
continuous thruout the complete milling process, and the
three operations together represent the major elements
of asbestos milling.

At each suction-screening operation, part of the
fibre is collected and part passes on for collection from
subsequent screens. The number of screening and sue-
tion operations necessary can be visualized when we
realize that a normal sized mill may contain hundreds of
screens housed in large five or six story mill buildings.
The complexity of the detailed flow of material thru the
compiete mill, including the many repetitive operations,
is entirely too involved for an ordinary discussion. Many
variations in a flow sheet are necessary due to the wide
variations in the ore itself, We have referred several
times to fibre being separated from the rock on shaking
screens by means of suction hoods. The accompanying

—_——
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Shaking Screen

with suction hood

Note fibre jre:
ore after it

pusses umiler hood

Conrtyar The
Rubwroul o,

picture clearly shows a suetion hood over a shaking
sereen. It is besr deseribed as an oversize vacmm cleauer,
which sueks up the light fibre and some dust aud rejects
the heavier pieces of unopened fibre and rock.

The undersize material or waste from the screening
operations, when it has been considered sufficiently free
of fibre, is conveycd to railing dumps. Since the tailings
or rejected rock equals 907 of the orizinal ore fed to the
mill, waste dumps loom large in the lamdscape of the
asbestos mining country. [ vecent yeavs the recovery of
short fibres included in the tailings and the potential
recovery of the hixh wetallic content, have focused at-
tention on the value of these mountains of fine gravel.

CLEANING AND GRADING

No (discussion of milliny asbestus should owmit men-
tion of the disposition of the vast volume of fines. i. e.,
extremely fine. short fibres and pulverized rock creatad
in the treatment of the ore. The many millions of cubic
feet of air being handled hourly by the air colleeting sys-
-tem, are heavily laden with fines. This must be deposited
without being ejected to the atmosplere, to the detri-
ment of the surrounding community. This objective is
accomplished by discharging the fan exhausts into a vast
room or chamber known as a float shed. Tn this ~once

i
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the velocity of the air is dissipated and the fine material
settles out. The bin, or shed, is divided into a number of
compartments at varying distances from the air inlet.
Each compartment collects floats of different ranges of
particie size. Asbestos floats, as sold, are a product of
one or more of the float bins. The finest particles are pre-
vented from passing out to the atmosphere by such
methods as electric precipitation or passage thru canvas
filtering bags.

We have considered the removal of fibre from the
ore and explained that the suction fans discharged the
fibre to collectors for each fibre length grade; it is now
Decessary to clean, grade, and bag the fibre for shipment.

The fibre collector, a large sheet metal conical eylin-
der, performs the first step in the cleaning operation. The
current of air which carries the fibre and rock dust to
the collector, deposits the heavier fibre and carries the
dust laden air to the float shed described above. Further
cleaning consists of screening the opened fibre over light
sereens. Here dust and rock falls thru tae screen meshes
and the fibre is discharged off the end of the screen by
suction. Well opened fibre does not screen readily; that
is, it tends to cling together, permitting the use of coarse
screens which drop out the rock without loss of fibre.
Several rcpetitions of the sereening operation mayx be
performed to obtain proper cleaning. A final cleaning
operation consists of dropping fibre thru a cyclone or air
selector, similar in design to a fibre collector, the heavier
rock and unopened fibre falling vertically thru and the
lighter fibre being drawn off the side of the collector by
suction and again deposited in collectors.

The sequence of the various cleaning operations,
screening and air selection, and their tie in with the col-
lecting and grading operations, vary in different mills
and even within a given mill depending on the type and
grade of fibre being produced. We have mervely deseribed
the steps of cleaning as tho they occurred progressively,
as well they miglt, in a simple mill layout.

Grading fibre means classifying it according to

—8—
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Courtesy Canadian J-M Co. Ltd.
Typical sanples of milled fidres in major group gradings.

length. The value of a given type of fibre depends chief-
ly on its length. There are five major classifications ac-
cording to length, namely, and in descending order of
length they are: Spinning or Group 3, Shingle or Group
4, Paper or Group 3, Stucco-plaster or Group 6, and
Shorts or Group 7. In each Group are a number of grades
or subdivisions, all meeting a standard screen test for
length. An average mill produces at least twenty-four
separate grades.

Obtaining these grades in a mill is accomplished in
specially desizned graders. They are usually long rotary
screens covered with screen wire of various size mesh.
Fibre is fed into one end of the slowly turning screen, in
which revolving paddies force the fibre thru the screen
openings. Short fibres pass thru the fine mesh at the enter-
ing eund, longer fibre passes thru lurger mesh in the second
half of the sereen length. and the longest materials pass
over the end of the servens.

Grades are obtained by c¢xperienced operators by
combining proper proportions of material from two or
more of the various screen sizes, Several grades may be
made at the same time on one grader by divecting the
flow of varying proportions of the different length pro-
ducts of the grader into appropriate collectors.

Careful grading calls for close cooperation between

—_g
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the operating men and the testing men or inspectors, ,
since, depending on the results of frequent tests, the flow :
of material from the graders can be adjusted to avoid
off-grade fibre.

Graded fibre is conveyed to bins above the bagging
room from which it passes by gravity thru metal chutes
to bagging machines. These machines may be semi-auto-

: matic or manually operated. They load the fibre into
i burlap or jute bags of one hundred pounds net weight,
compressing the fibre to reduce the bulk in shipping. All
bags are sewn by hand or with portable stitchers before
: being loaded into freight cars or sent to stock.
! Many special grades are made by variations in the X -
regular mill flow line. Large quantities of short fibres are
: produced by special grinding, screening, and cleaning of
; the fine undersize products of many of the screening
operations. Highly cleaned grades of longer fibres are
; produced by repeated passages thru series of air select-
ors, which drop out all heavy particles and remove a
major part of the fine dust. When desired, partially
opened or Crudy fibres are produced by eliminating the :
high speed impact fiberizing operations. Where the terms
““crudy’’ and ‘‘open’’ are used in referring to fibre, it
can be generally understood that crudy or partislly
: opened fibre is a produet of crushing, whereas open fibre
P is the result of a fiberizing operation.
: Asbestos fibre is unique in that it has no dJelinite
{ fibre diameter like hair or cotton. It can be subdivided
' indefinitely within the limits of the ordinary inicroscope.
_ Fibres one-eightieth the thickness of a human hair have f
i been measured. Thus, each fibre is in reality a bundle
of finer fibres. An opening process is one which tends to L
subdivide the fibre bundles. Fibre is spoken of as ;
“Crudy '’ when the fibre bundles are coarse, or relatively }
thick, and as ‘‘Open’’ when the fibres are finely divided. ‘
{
i
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Highly opened fibres are obtained for special require-
ments by adding an extra step of fiberization in specially
designed hammer mills,

Blending, or mixing, permits the production of tibres
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not obtainable in regular mill operations. By this method
definite proportions of coarse or fine fibre, short or med-
ium lengths, can be obtained and such features as filtra-
tion rate, wet volume, covering capacity, adhesion, ab-
sorption, etc., can be controlled.

While erude fibres, that is No. 1 and 2 Crudes, are
not products of the milling process as are the milled fibres
in Groups 3 to 7, they are the form in which fibre is gen-
erally pictured. Crudes are chunks of fibre which have
been separated from the rock or ore, and have consider-
able fibre length. No. 1 Crude runs from 34 inches
up, and No. 2 includes fibres from 34 to 35 inches. Shorter
Crudes are classified as No. 3 or Sundry. The Crude
fibre is cobbed or chipped from the broken ore in the
quarry, cleaned and graded in the cobbing shed and
weighed and bagged for shipment.

Asbestos is evaluated and sold by grades, as estab-
lished by the Quebec Government and classified in the
Standard Quebee Asbestos Classification. The detailed
screen specification of all grades and the methods of test
have been widely published!, and will not be repeated
here. An important step in Asbestos milling, however,
is the sampling and testing of fibre according to the
Standard Quebec Classification, prior to storing or
shipping. .

Before fibre bags are closed, composite samples of
each shipment are taken by inspectors and tested. The
usual method of sampling is to take a ‘‘grab’’ sample
from well down in each bag. The samples from each ten
or twenty bags are combined to make a test lot. These
tests represent a fair average of each car.

The fibre is well mixed, and one pound is sereened
in the standard testing machine. Lots which meet the
test requirements are tagged and sewed for transfer to
stock or to cars. Lots which fail to pass, are sent back
to the mill for regrading. In the case of special grades

1 See reprint “Canadian Chrysotile Asbestos Classification” obtain-
able from “assesTos”, 17 F1., Inquirer Bldg., Phila. 30, Pa., for 25¢,
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prepared by additional operations of mixing or extra
fiberizing or cleaning, special tests are often made to
check them against a particular requirement.

FQUIPMENT

For the sake of clarity, the major steps in Asbestos
milling and their relation to one another have been describ-
«d with a minimum reference to equipment and buildings.
The maguitude and complexity of the mills in which the
operations oceur are a watter of commment and observation
by visitors. :

An asbestos mill is zenerally spoken of and guaged in
terms ot the number of tous of ore per hour which it is
capable of proecessiny. Mills vary in size from 50 tons to 300
tons of rock per hour, or from 1.000 to 6,000 tons per day.

X. F. B. Phota
Ashestos mills ot the Canadian Johns-Manville Corporetion, shoic-
ing part of the wmill buildings.—dust removul, down comers, tail-
inns. eonveyar, and 1000 ton loading bin,

Mill buildings varv in size and construction. In general
they are all of multi-story, fireproof comstruction. The
multi-story design is followed to take advantage as far as
possible, of gravity flow of rock and fibre, material passing
from floor to floor by wravity and being returned to the
upper floors by conveyor, or suction fans.

The major items of equipment are: crushers, dryvers.
conveyors. fiberizers. shaking sereens. suction hoods, biow-
ers, air collectors., graders, and bagging equipment, with

—12—
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necessary power accessories. ductwork, and storage facili-
ties. The number of units of each type equipment in any
mill depends on the tons per hour of ore to be handled, or
capacity of the mill.

As far as practical, all equipment is made of metal,
wood being eliminated to prevent its getting into the bag-
ged fibre. Wooden housings for screw conveyors and wood
chutes are the most troublesome and prevalent sources of
contamination.

Rock crushers are usually of gyratory or jaw.type and
descend in size from 6" discharge to !4”. Fiberizers may
vary in design. The general principle is the cracking or dis-
integration of rock by high speed impact. A horizontal or
vertical shaft carrying a row of swinging hammers rotates
in a eylindrical metal shell six to eight feet in length and
24 to 30 inches in diameter. The rock enters at one end and
is discharged from the opposite end. The shell carries rows
of stationary hammers spaced alternately to the swinging
hammers. During the passage the rock is subjected to
blows from the hammers rotating up to 2000 RPM.

The many screens in a mill are usually of a shaking,
rotary or gyrating type. To be effective, the screens must
carry only thin layers of material to permit efficient
separation of rock and fibre. Thus many thousands of
square feet of screen area are necessary to accomodate the
mill flow.

Shaking screens are equipped with suction hoods
where fibre is to be removed to coliectors. Where a simple
screening or cleaning operation occurs in a series of
screens, many of them do not require the suction hoods.
Screens may vary from three to six feet in width and eight
to eighteen feet in length,

Fibre collectors of large ageregate volume are required
to hold the accumulations of fibre in the different stages
of milling. The collectors are galvanized iron cylinders,
from four to eight feet in diameter, the bottom kalf conical.
Inlet and outlet ducts in the upper half of the collector
bring in the fibre and discharge the dust laden air. The
fibre which settles, because of its weight, is collected and
drawn off from a gate in the cone shaped bottom.

—_13—
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DIAGRAMATIC SECTION OF CRUSHING UNITS
USED IN MILLING ASBESTOS ORE

VIBRATING JAW = = ~ = = STATIONARY JAN

JAW CRUSHER

The crushing process is accomplished thru reduction
by pressure between a vibrating and a stationary jaw with
a subsequent freeing movement, at which time the ma-
terial settles by gravity until caught and subjected to
further pressure and then released.

GYRATORY CRUSHER

The ore enters the top and falls on the gyrating head
and is crushed between the head and the bowl by the ec-
centric rotation of the head. The discharge may be set
to the size crushing desired.
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: Grading and bagging equipment has previously been
: briefly desecribed.

USES 01" SPECIFIC GRADES

!

! We have followed fibre production thru the crushing, ,
;l fiberizing, collecting, cleaning, grading, inspection and !
: bagging operations. In closing, a brief discussion of its
major uses may be of interest.

; The uses of ashestos are as varied as the physical
3 make-up of the fibre itself. Eliminating crudes, Canadian
. milled asbestos fibre varies from a fine powder seiling at

$15 to $20 per ton to a long, silky fibre at over $200 per
ton.

The uses of asbestos can most clearly be explained by P
showing the purposes which the fibres serve rather than ]
: listing the produets in which they are used. As a reinfore- ‘
ing filler asbestos fibres are used in a wide variety of ma- ;
terials, ranging from plastic molding to asbestos cement !
| shingles and molded brake linings. The major uses inelnde %
: the following: ' '

Long fibres are used as a textile fibre; are felted to
make long fibre paper; as a filtration medium; and as a
reinforeing filler in asbestos-cement products where great
strength is required.

Medium length fibres which include the short spin-
ning, the shingle and the paper grades, are used as a rein-
forcing filler in asbestos-cement products; as the major
component of asbestos paper and millboard ; as a reinfore. !
ing and binding agent in magnesia and other molded
insulation; are felted with cellulose fibre for filtration
sheets ard pads; as a reinforcing filler in molded friction
blocks and hrake linings; and as an insulating mass in
sprayed insulations.

Short Fibres and Ploats are used as a self binding in-
sulating cement; as a filler and reinforcement in all types :
. of asphalt paints, putties and compounds; as a filler and !
reinforcement in plaster and stucco; as a filler and rein. ‘
forcement in asphalt tile flooring; and as an insulating '
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space filler. Floats and Shorts also find use as 2 mineral
reinforcing filler in plasties; as a filler in lubrieating
grease; and as a silicic flux in the welding industry.

The unique combination of qualities which make as-
bestos alone the suitable material for these many uses, is
its fibrous form (like cotton or wool) and its inorganie
stone-like composition. It is fibrous, strong, will not burn.
and forever resists weather. It has the workability of an
animal or vegetable mineral with the fire and weather re-
sistanece of a granite block.

Printed in the United States
January 1946
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SECTION 6 -- RECOVERY OF RAW ASBESTOS

Roland Starkey's write up of raw asbestos recovery is of
processing the African chrysotile. Turner and Newall, Ltd.
are insulation manufacturers in Britain, the chief competitor
- - - of Cape Asbestos, whose insulation runs from 85 pzrcent
magnesia to calcium silicates in the high temperature field.
At the time this article was written some hand pickers were
used, because of cheap labor, as against the completely
mechanized milling of the Canadian Mines. The African
chrysotile tonnage is considerably below the Canadian annual
production and their shipping cost to the United States
offsets their lower labor and the Canadian mechanization
reduces milling costs of their fiber so that the North

American chrysotile dominates the large percentage of the
Unites States market.
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RECOVERY OF RAW ASBEST

At The Havelock Mine
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RECOVERY OF RAW ASBESTQOS
Methods Used at Havelock Mine

By Roland Starkey . Inst. M. M. Consulting Engincer,
and Staff of Afjrican Associatcd Uines, Limited

Production of chrysotile asbestos from the Havelock
Mine began in June, 1939 and the miiling methods adopted
were the result of a considerable amount of experiencé and
research by technicians of Turner & Newall, Ltd., both
from their mines in Africa and from their factories in the
United Kingdom.

The ITavelock Mine is situated in Swaziland a few
miles over the Eastern border of the Transvaal. It is owned
by New Amianthus Mines, Ltd., a subsidiary company of
Turner & Newzli, Ltd., of Rochdale, England.

About one quarter of the ore delivered to the mill bins
is derived from opencast quarrying operations and the re-
maining three quarters is broken in underground sub-level
caving stopes.

The first operation in the mill is of sizing and hand
sorting. The rate of flow from the mill bins is 110 tons per
hour and a rotating ring grizzley gives a T4 inch produet;
the *‘throughs’’ pass to trommels clad with steel punched-
plate with cireular holes of 2% inch diameter. Fibre vear-
ing rock present in the &4 inch, and —¢ inch ++2%2 inch
produets, is picked off sorting conveyor belts by hand and
the remaining barren waste rock is disposed of forthwith
via waste. bin and dump haulage. This sorting operation
yields a product knovwn as [Tand Cobbed Fibre constituting
approximately 39 of the original feed; the coarse waste
discard to dump amounts to 50%. '

The —2Vs inch product from trommelling contains
moisture varying from 4% to a maximum of 33%, the
average content being from 5% to 9%, and before further
treatment can take place it is necessary to arrange to dry
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this marterial. .\ type of tower drver has been evolved, de-
sigued to remove excess moisture witbhout subjecting the
asbestos to severe overheating or to undue mechanical at-
trition, both of whieh would tend to destroy the delicate
fibres. TLe tower dryer is sssentiaily a vertical shell 40
feet high and 6 feet in diameter containing a .system of
baffles. The moist ore showers down the dryer from top to
bottom against the flow of hot furnace gases from a ther-
mostaticzlly-controlled, automatic coal-fired "stoker. The
contained moisture in the discharge is approximately 2 to
3% and the temperature 130" F.

A further trommelling process now separates the —
inch element of the dried material, the =V inch —2V inch
element being presented in a uniform stream to vacuum
air separating nozzles causing the loose fibre to be removed
and deposited in a form of cyclone settler. The loose fibre
recovered at this stage amounts to 2% of the original feed,
while the —14 inch material constitutes 22%. This leaves
23% of the original feed in the form of +v inch —2l%
inch material, which is reduced to a 3 ft. short head
Symons cone crusher. The loose fibre just referred to and
the hand cobbed fibre previously noted receive separate
treatment in order to preserve the long fibres present in
the original ore. Drying of these two materials is completed
in a steam dryer copsisting of successive floors of pivot-
able steel plates along which steam pipes are conducted.
The drying takes place on these floors, the material being
passed from une floor to the next below at appropriate in-
tervals of time, a thoro turning over being effected at each
transter.

From this point onwards the fibre recovery process
consists essentially of a series of stage crushings followed
by screening. and vacuum air separation of the released
fibre. The initial reduction of the lumps of hand cobbed
fibre is by means of a 16" x 10” jaw crusher and subse-
quent crushings are in pan rolls. This crushing machine

Page 2

e . o at —— e v

et ot maye e v ——— e

01 040 1339

SR LI

S PR



{‘ Lol aa.

s

e o eande

¥
{

el e e K
RCIPRN VRFLIFELE 8" S CF-_ o o2 RN W TE

b meriee [P

cviies €30 e - X v

I3 Tl S, Lo
RER L PR LS Vv g

comprises two edge runners revolvinge in an annular dished
pan whieh rotates in 2 horizontal plane. The erushing takes
place between the edge runners, which together weizh 4000
pounds, and the pan wiich rotates at 35 r.p.m.. the
crusiied material being discharged by means of a suitably
arranged scraper. This type of crushier has been found to
be very effective in separating fibre from containing rock
without damaging the fibre down to limiting particle sizes
of from .03 inch to .10 inch. The screening apparatus con-
sists of inclined trommels of 3 feet diameter and 7°6°
length, clad with wire screening cloth, the clear aperture
being reduced at each successive crushing stage., The free
fibre in the end discharge of these trommels passes over a
reciprocating light sheet metal table to a revolving sereen.
At an appropriate distance, to etfect separation of loose
fibre from rock and grit, is located the usual vacuum nozzle
thru which the fibre is lifted and subsequently depesited
in cyelone settlers of the centrifugal type. Pan rolls crush-
ing, screening, and air separation process is applied also
to the —4 ineh material and the erushed product from the
Symons cone crusher.

As a result of these processes two types of material are
searegated, (a) fibrous products from cyeclone settlers,
known as concentrates, and (b) sized gritty materials from
0.10 inch to 0.03 inch particles size, some of which are sent
to waste dump and the remainder have sufficient fibre con-
teat to warrant further milling.

Dealing first with the concentrates, which are only
roughly classified in respect of averaze fibre length and
which contain a proportion of fine dust, it is necessary to
provide a scresning (trommelling) plant in which there is
a much more searching classification into fibre length

- eroups and a practically complete elimination of fine dust.

The result is classified fibre in four grades. The next pro-
cess has a two-fold object, (a) to eliminate fractures in the
individual strands of fibre, and (b) to eliminate the hard
bundles or faggots of fibre aggregates. The former purpose
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ensures that the marketable product shall have true fibre
lengihs between predetermined limits and the latter
secures a product of uniform texture. Previous attempts to
achieve these aims were wenerally incompletely suceessful
because of the diffieulty in providing a seclective treatinent
whereby fibres already opened up and free from fractures
were not subjected to further treatment tending to destroy
the fibre altogether. The principle of the machine now in
use involves two elements, first an absolutely uniform feed
at a predetermined rate, and secondly, introduction of this
uniform layer of fibre into a swiftly moving air stream
which passes thru a series of streamlined chambers in each
of which revolves a horizontal shaft at high speed. The
shafts are provided with a large number of beater arms,
14 inch in diameter, radially thru the shaft and projecting
about 4% inches on each side of the shaft. The direction
of rotation of the shaft is opposed to the flow of the fibre-
air stream. Fibre particles impinge npon these rods and
the force of the Llow is naturally proportional to the mass
of the fibre aggregzate. The light elements of opened fibre
pass on unmolested, whereas the more compaet bundles re-
ceive sharp blows which open them and at the same time
break down fractured eclements into true unfractured
strands of fibre. After passage thru these conditioning ma-
chines the asbestos is removed from the air stream in the
usual cyclone settler and passes thru trommels clad with
the appropriate screening to eliminate short length fibre
resulting from the conditioning process just described. The
discharge from the trommels (plus produet) is bagged in
10 ounce hessian bags containing 125 lbs. net asbestos
weight under registered marks HVL/2 (spinning grade),
HVL/3, 4 and 5 (shingle grades).

In the preliminary stages noted above, mention was
made of gritty elements containing sufficient fibre to
Justify further treatment. Recovery from these materials
is effected in a type of conditioning machine in which the
rate of flow is regulated to achieve separation of fibre
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from adhering waste rock particles—a concentrate vesulty
which is incorporated in the flow in the same way as con-
centrates fromn other sources.

Finer elements still-—down to 0.03 inch particle size—
are subjected to a sereeming process in which a gyratory
action is imparted to the horizontal screening surface giv-

ing selective treatment to the fibrous elements, opening

them up and enabling the vacuum separating action to be-
come operative, The limit to which the ultimate fibre re-
covery can be pursued is, of course, an economic one in
which factors of cost of crushing and treatment have to be
offset against net revenue from the salable product after
making allowances for transport charges to the customer.

The rate of marketable asbestos production is approxi- .

mately 26,000 tons per annum.

.

This article is a companion (or supplement) to Mill-
ing Asbestos by J. C. Kelleher, which was published in
‘‘aspestos’’ during 1943 and is also available in reprint
form (at 25¢ per copy):

Prianted in U.S.A.
e
Price - 8¢ per copy
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SECTION 7 -- CANADIAN CHRYSOTILE ASBESTOS
CLASSIFICATION

Explained in this section are the lists of standard grades
of Canadian asbestos mines products as supervised by the
Minister of Mines of Quebec province, with a guaranteed
minimum shipping test of the grades. An explanation of

the Quebec Asbestos Mining Association is included, as well
as its screen sizes and operation.

01 040 1344
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CANADIAN CHRYSOTILE ASBESTOS
CLASSIFICATION

(List of Standard Grades set up by the Committee on
Uniform Classification and Grading of Asbestos Mines
Products. This committee was formed in 1931 gt the in-
stigation of the Minister of Mines of the Province of
- Quebec, and the list of grades has been revised from time

: to time. Latest revision December 1942)

The asbestos mines products are divided into two
classes: ‘‘Crude Asbestos’’ and ‘‘Milled Asbestos,”’ respec-
tively, defined as follows:

- o . i ““Crude Asbestos’’ consists of the hand-selected eross- -
Il vein material essentially in its native or unfiberized form. B
““Milled Asbestos’’ consists of all grada produced by ’
mechanical treatreent of asbestos ore.

““Crude Asbestos’’ and ‘‘Milled Asbestos’’ are sub-
divided into groups designated and defined below.

Classification of the ‘‘Milled Asbestos’’ grades, in

: groups Nos. 3 to 7, inclusive, unless otherwise specified is
o based on the Quebec Standard Testing Machine (see illus-
tration).

““Shipping Test’’ is.the average for each carload or B S
i smaller shipment, of tests of representative samples taken
at the time of shipping.

“Guaranteed Minimum Shipping Test’’ is that below
\ which the actual shipping test shall not fall.

Grovr No. 1  Caubpe No. 1 Consists basically of crude ¥ inch
staple and longer

ety . ., Gmovep No. 2 Crune No. 2 Consists basically of crude 3 inch
- e ) : staple up to ¥ inch
i T CRUDE RUN-OF-MINE Consists basically of unsorted
: ' ) crudes
o CaUnes SUNDRY Consists of crudes other than above
; specified
? Geove No. 3
r Standard Deslgnation of Grades Guaranteed Minimum Shipping Test |
] 3F 7 — 7 — 15— 05 ‘-E
_ , 3K . 4 — 7 — 4 — 1 i
. 3R ’ 2 — 8 — 4 — 2 i
! 3T 1 — § — 4 — 2 :
' 3Z 0 — 8 ~ 6 — 2 '
) . .
! i-
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Standard Designation of Grades
NO. 4

3
5
5
5M
H

. 6
6

R0

[=}

-3

K
™

Quebes xland-rd

Guaranteed Minimum Shipping Test

0 — 5 — 8 — 3
0 — 4 — 9 — 3
0 — 4 — 8 — 4
0 - 3 — 9 — ¢
0 — 2 —10 — 4
0 — 15— 95—~ 3
0 — 05—~ 105— 5
0 — 0 — 12 — ¢4
0 — 0 —11 — 5
0 ~—~ 0 —10 — ¢
0 — 0 — 7 — 9

The affix “F” designates ‘“Floats” in all subsec-
tions of Group No. 7

11
12
13
14
15
16
16

NN
oococcoco
P
OO M NDW e

NN

[—X-N-N-N-N-R -]

Under 75 pounds per cubic
foot loose measute.

Over 75 pounds per cubic
foot loose measure.

Asbestos Testing Machine, Model No. 2
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QUEBEC ASBESTOS MINING ;
ASSOCIATION® - AP :

(APPROVED METHOD OF TESTING
ASBESTOS FIBRES)

[

1. Only th'e Quebec Standard’Testing Machine Model

No. 2 shall be used for the purpose of testing asbestos
fibres.

2. The machine shall be manufactured, installed and
operated according to the specifications issued by the
National Research Council, and shall be kept in proper
adjustinent and in good working condition at all times.

3. The method of taking samples for testing shall be
as follows: When testing Group 3 fibres, a composite.
sample shall be made up from each and every lot of 100
bags included in the number to be tested. Each com-.
posite sample shall be made up by taking a handful
.(about 4 ounces) from every fifth bag of the 100; that
is to say. 20 handfuls are taken from each lot of 100 bags.

. T4 In the case of Group 4, 5, or 7 fibres, a composite
sawmple shall be made up from each and every lot of 200 !
bags included in the number to be tested, and each com- .
posite sample shall be made up by taking a handful P
{about 4 ounces) from every tenth bag of the 200; that is }' R

|

to say, 20 handfuls are taken from each lot of 200 bags.

5. In every case the handful of fibre shall be taken
from well inside the interior of the bag. :

6. Each composite sample so made up shall first be al- o
lowed to approximate average work-room temperature v
and humidity, and then shall be thoroly mixed on a .

’; smooth topped table while passing it thru the hands - e
- with a gentle rubbing action in order to break up and A

! separate all clots and lumps. It then shall be divided e

! into halves, quarters, etc., as necessary, and a representa- .o

tive one pound lot shall be weighed accurately and
i placed in the testing machine. -

iFormerly Quebec Asbestos Producers’ Association

R

we 'y
v
.
,

o Y e R . ’ - - ' S N
PRI 'y ~ R oL
d « .

..
-

St Unrie Al EA . Bt AR Al PN AR A,

s ~I~4\' Y
X A7 4
¢
4
]
« 4
ol




]
i
i
'
1
'

i

[V SV,

v
P e R Aadans t . T e T s —tama — RS - i AP

QUEBEC STANDARD TESTING MACHINE
AND ITS OPERATION

The Quebec Standard Asbestos Testing Machine (see illus-
tration) consists of a nest of 4 boxes, measuring 2434"x14%",
resting on a table which is driven by af eccentric with 234,"
throw and 1%4g” travel. The boxes, which are superimposed
one above the other, are numbered from the top down—1, 2, 3
and 4. The bottoms of boxes Nos. 1, 2 and 3 are made of brass
screen of the tollowing specifications:

Box No. Screen opening Diameter of Wire

1 0.500~ . 0.105" :
2 0.187* 0.063" ( 4 mesh)
3 0.053" 0.047" (10 mesh)

4+—Receptacle for the fines which fall thru -
the other three boxea.

To make a teat, 16 oz. of asbestos is placed on the upper-
most tray (No. 1) which is then covered and tightly clamped.
The machine is started and by means of an automatic device
is kept going until exaoctly 600 revolutions have been made.
(The speed of rotation iz 300 r.p.m. in the old model No. 1
machine, and 328 r.p.m. in the new model No. 2 machine.) At
the end of this time the asbestos which remains on each tray
(box) {s weighed. This gives the grade of asbestos fibre; the
longest fibre naturally stays on the screen with the largest
opening, whereas shorter fibre, according to its length, remains
on screens (or trays) 2 or 3, or drops into the pan (lowest tray).
The more fibre retained on the first screen, and the less fibre
talling into the pan, the higher the grade and therefore the
greater ita value.

If, for instance, a customer buys 3K fibre of the specifica-
tion 4-74-1, it means that in a sample of 16 oz., representing
the average of the lot shipped, 4 oz. will remaln on the top
screen, 7 on the second and 4 on the third, while 1 os. will go
thru all the screens into the pan. It is evident that the figures
of the test represent the proportion in ounces of the different
lengths of fibre in a pound of asbestos.

The product known as *“Crude Asbestos" consists of veins
of asbestos, of the cross-fibre type, the length of which is %"
and longer; No. 1 Crude being material %~ or longer and No.
2 Crude %~ to %". Crude asbestos is not graded on the Quebec
Standard Asbestos Teating Machine,

From ‘“‘Assestos” Philadelphia, Pa.
Price—26c . e -

(Printed in United Btatea of Ameriei)
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AMOSITE AND CHRYSOTILE AS3ESTOS

SECTION 8 -- THE ASBESTOS FACTBOOK

This section's article deals with the theory of the origin
of asbestos, its mining locations, its uses in various
products, typical analysis of Canadian chrysotile (Blue and
Amosite) and various qualities of each. This is a general
information sectiom,
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THE ASBESTOS FACTBOOK

Wherein is given in compact form much
information concerning asbestos — that
amazing, versatile non-metailic mineral
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FOREWORD

In the compilation of this small book we have taken
information from many sources, and have been helped by
various executives in the Asbestos Industry. It is impos-
sible to list them all, but to all of them our sincere appre-
ciation is extended.

The Asbestos Factbook is for those who need, for one
reason or another the main facts on asbestos without hunt-
ing thru many volumes. Those preparing luncheon talkas
may find it useful; teachers will welcome it; it can be used
to answer the many inquiries received by *‘ aspEsTos’’ and
by members of the Asbestos Industry for general informa-
tion about the wonderful non-metallic mineral—Asbestos.

THE ORIGIN OF ASBESTOS
(Extracted from “The Origin of Asbestos™
published in “Am'f July, 1840)

Chemical and mineralogical stndies clearly show that
asbestos fibre is not of vegetable or animal origin, but en-
tirely of mineral origin.’ Taking as an example the chry-
sotile asbestos mined in Canada, the observed facts lead to
the following explanstion of its formation. .

In the greenstone region of Canada, covering hundreds
of square miles, the present surface rock was at one time
thousands of feet below its present elevation, and under
very great pressure due to the weight of the overlying rock
and soil. This rock is a variety of olivine called peridotite
and is composed of iron, magnesia and silica. In certain
extensive areas this rock was acted on by hot ground waters,
under high pressure, and carrying dissolved salts and car-
bon dioxide. The pressure is easily understood when it
is realized that the rock was very far below the earth’s
surface, and the high temperature is explained by the fact
that the temperature of the earth increases about 1°F. for
every fifty feet of depth. From depth alone, this would
give a temperature increase of at least 20°F. for every

1By M. F. Smith, Research Chemist, The Philip Carey Mfg. Co.

. Page 2 The Asbestos Factbook
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1000 feet, not to mention the hot intrusive rocks also
present. These ground waters gradnally changed the
original rock from the iron-containing peridotite to the
magnesia-gilica-water (3MgO . 28i0, . 2H,0) mineral,
serpentine. During the alteration the volume of the rock
increased, caunsing innumerable cracks, small and large.
These cracks were filled with the hot ground waters, chiefly
derived from the slow infiltration of rain or surface waters.
This underground water circulated thru the cracks in the
rock, descending slowly thru the smaller openings in the
rocks and ascending thru the larger openings and cracks.
This water at high temperature and containing carbon diox-
ide under pressure is a very good rock solvent. The water
rising in the larger cracks loses pressure and slowly cools,
losing some of its solvent power and throwing out & small
amount of the dissolved rock. This material deposits on
the sides of the crack in the rock thru which the water
is flowing, and if suitable mineralizers are present, such as
dissolved salts and carbon dioxide, tends to form regular
crystal shapes, depositing the molecules in a regular rather
than a haphazard manner. Rock salt gives cubes; diamond
forms in octahedrons; graphite in six sided plates, gold
in octahedrons or cubes. Asbestos forms in easily sepa-
rable, closely packed filaments, which when teased apart

give the workable form in which asbestos is marketed and
used. ‘

The theory for the formation of asbestos fibre as given
in the foregoing is held by many experts, but may be and
is contested in some of its minor details by others, based on
slightly different conditions present where they made their
observations. In most cases the difference of opinion re-
lates to such details as to how the waters were beated, and
what the mineralizers were rather than to the whole of the
theory. What has been said above about Canadian asbestos

fibre formation holds also for the Vermont chrysotile fibre,

Arizona, Russian, Cyprus and South African chrysotile

* fibre, as well as for some of the other non-chrysotile types.

The Asbestos Factbook Page 3
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TERSE ASBESTOS FACTS

1 ‘“ Asbestos’’ is not the name of a distinet mineral species,

but is & commercial term applied to fibrous varieties of

several minerals differing widely in composition, the fibres

tfs;ilzg diverse in strength, flexibility and consequent use-
£sS.

9 The properties of asbestos that give it commercial value
are fibrous structure and fire resistance.

9§ Grading of asbestos is on the basis of length rather than
quality. Fibres of the same quality range in price accord-
ing to length.

{ The three varieties of asbestos most used commercially
are Chrysotile, Amosite and Crocidolite (blue) the bulk
of world production and use, both long and short fibres, is
Chrysotile.

{ The earliest use of asbestos known to the world was over
200& years ago by the Romans for the wrapping of their
dea

§ Canadian Asbestos (chrysotile variety) was first ‘‘dis-
covered’’ near St. Joseph, Que., in 1860; the deposits at
Thetford and Coleraine were found in 1877 ; but, according
to the story of Benjamin Franklin’s purse?, asbestos was
actually known in Canada, probably by the Indians, as
early as 1724.

9 Blue asbestos was discovered near the Orange River,
South Africa, in 1816; the name ‘‘crocidolite,”’ meaning
““fakey’’ or ‘‘woolly’’ stone, was applied to it in 1831;
exploitation of the material began in 1893.

9 Amosite (in Central Transvaal) was first known in 1907;
the name was given to it in 1918, being taken from the

_initials of the company most interested in its production—

Asbestos Mines of South Africa. Commercial production
started in 1916.

{ Rhodesia first reported production of asbestos {chrysotile
variety) in 1908—55 tons.

1See March, 1939, “AspzsTos,” page 2, for this story.
Page 4 The Asbestos Factbook
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9 Asbestos in itself does not have low heat conductivity. :
: Its extensive use for heat insulation is because of its fire- :
i proof qualities; the porous structure or aircell content of ;
; asbestos insulation materials accounts for their insulation :
' value. ;

9 Italy is called the cradle of the Asbestos Industry because 2
! the mining of asbestos and the manufacture of its products :
! began on an industrial scale in that country.

9 Asbestos was found in the Ural District (Russia) between '
1710 and 1720. i

-- So- . 9§ Asbestos was discovered in Vermont in 1824, but produec-
) tion was first recorded in 1908.

! 9 A patent on engine packing using asbestos was granted
as early as 1857 to Richard Lloyd, of England.
q Insulation containing asbestos was first used in 1866; it

was made of asbestos fibre and silicate of soda and was in
sectional form.

{ Great Britain’s asbestos manufacturing industry began 5
: in 1871 in a factory founded by the Patent Ashestos Manu-
facture Limited, of Glasgow, Scotland.

N ! € The first known attempt to make asbestos paper was in ¥
: 1765 ; it was first made in the United States about 1878. 3

¢ Cape Asbestos Company were the original spinners of
_crocidolite or blue asbestos—as early as 1895,

; 9 Ludwig Hatschek, an Austrian, invented asbestos-cement .
: shingles in 1900; they were introduced into the United r
States in 1905 by the Keasbey & Mattison Company.

¢ Asbestos-cement pipe was first used for carrying corro-
sive salt water for street cleaning and fire-fighting in an
Italian seacoast town.

q Patents on asbestos-cement pipe were granted in Italy in
1913; the manufacture of such pipe began by Eternit Pietra
Artificiale in Genoa, Italy, in 1915; it was introduced into ¢
- the United States by Johns-Manville in 1929 and the first |
- ‘ shipment made by J-M in 1930.

§ Arizona asbestos is important for electrical insulation
because of its low iron content.

f

The Asbestos Factbook Page 5§
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9 Crocidolite and Amosite asbestos are highly acid resistant,
making them valuable for use in chemical plants.

Y Amosite asbestos was first spun in England in 1924 by
the Cape Asbestos Company. The pioneer in the spinning
of Amosite was S. Weingarten, of South Africa, who spun
Amosite yarns as early as 1909,

7 Asbestos was first used in brake lining in 1906.
9 A capital investment of $22,000,000 is represented in the
asbestos mining and milling industry in Canada.

Y The United States is the largest consumer of asbestos in
the world.

ASBESTOS IS FOUND:

The four largest asbestos producing countries are Can-
ada, Russia, Southern Rhodesia (Africa) and the Union of
South Africa. Next in importance are the United States,
Cyprus, Italy and Finland.

In spite of the fact that asbestos is found in practically
all countries, its occurrence in saiisfactory qualsty and eco-
nomic quaniily is not common. Altho deposits are contin-
ually being reported, there are very few which upon ex-
amination are found to warrant the expense necessary for
development. The following tabulation forms an index
to the varieties of asbestos produced in the various coun-
tries or localities.

AFRICA:

Southern Rhodesia (chrysotile of excellent quality).

Swaziland (chrysotile of excellent quality).

Union of South Africa—Transvaal produces amosite,

blue and chrysotile. Cape Province produces the well-

known Cape Blue exclusively and extensively. Other
. occurrences of asbestos (chrysotile) have been reported
from Natal.
AUSTRIA ®
Short fibered amphibole known as ‘‘micro-asbestos’’
used, in combination with concrete or asphalt, for

et R E—— A ——— %

"

- e a—— s

road surfacing.
AUSTRALIA : ) .
Chrysotile of various qualities and lengths is found
Page § The Asbestos Factbook
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in Western Australia, South Australia, Queensland
and New South Wales. Blue asbestos is found in

South Australia; the deposits of blue in Western Aus- .

tralia are being developed at the present time.
CANADA:
Chrysotile variety, found principally in the provinces
of Quebee and Ontario. Asbestos Mines in Quebee
are the best known in the world. Canadian quality
and grading are considered as standard the world
over.
CHINA: '
Deposits of chrysotile worked to some extent in a
number of provinces, the most important being in
Chihli (Hopeh) Province and Manchuria.

CYPRUS:
Good quality of chrysotile; most of the production
is of *‘shingle stock’’ grade or lower.
FINLAND :
Produces fair quantities of short anthophyllite.
INDIA:
Produces both amphibhole and chrysotile to some ex-

tent. The chrysotile is of excellent quality and low
iron content.

ITALY: .
Chrysotile of fair grade and tremolite of excellent
quality are produced. Mining and manufacture of
asbestos on an industrial scale first began in Italy.

RUSSIA:
Very extensive deposita of good grade chrysotile are
found in the Ural Mountains and have been extensively
developed by the U. 8. 8. R,, altho quite large produc-
tion was recorded previously.

SOUTH AMERICA: ,
~ Deposits of chrysotile in Venezuela are the most im-
portant from a commercial standpoint. Other de-
posits, some chrysotile and some amphibole, are re-
ported in Argentina, Brazil, Chile and Bolivia. Very
long blue asbestos, not strong enough for spinming,

! The Asbestos Factbook Page 7
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is found in Bolivia. So far no commercial use has
been found for it,

UNTTED STATES:
Arizona Mines produce an excellent long fibre chry-
i sotile, valuable for electrical work because of its free-
. dom from iron.

California has deposits of short chrysotile, not being
worked to any extent at present. Tremolite asbestos
is also being produced in commercial quantities for
Gooch Crucible use.

Georgia has been the most consistent producer of
amphibole (anthophyllite) asbestos of any of the
states. Large deposits are found in Sall Mountain
(near Gainesville) and at Hollywood.

Maryland has a deposit of anthophyllite and tremo-
lite, from which filter fibres are made.

Vermont produces good grades of chrysotile ranging
from shingle stocks to shorts.

| Wyoming, Montana and New York have deposits of

good chrysotile asbestos also, but these have not been
worked. -
Deposits of amphibole (principally anthophyllite)
which are being worked to some small extent are found
in North Carolina, Idaho, Wyoming, Montana, Oregon i
and Alaska. ‘
Deposits have also been reported in Maine, New York,
Pennsylvania, Virginia, Texas, Michigan, Connecticut,
South Carolina, South Dakota, Wisconsin.

OTHER COUNTRIES: f
|
1
)

r——— -t o %+ o —

et By . Sy e

QOccurrences of asbestos of various types, principally
chrysotile or anthophyllite, have been reported from
time to time from Albania, Algeria, Bulgaria, Chosen
(Korea), Czechoslovakia, Corsica, Cuba, France, Ger- !
many, Ireland, Japan, Mexico, Madagascar, New- :
foundiand, New Zealand, Philippine Islands, Portugal, ,
Spain, Switzerland, Spitzbergen, Syria, Turkey and :
Turkish Armenia. j

Page 8 The Asbestos Factbook :
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THE USES OF ASBESTOS
AND ASBESTOS PRODUCTS

In presenting this list of uses of asbestos and asbestos products,
¢ we have inciuded only the basic and more important uses—those
' which consume the largest volume of asbestos (or the product
| made therefrom) or those which require small quantities of ma-
i terial but perform a very valuable function.

! We have not tried to include in this list the end use of every
item, that is the place where the asbestos or asbestos product is
; used, or the purpose for which it is used, except where that place )
: or purpose is most important, or unique. For instance, asbestos . : e T
,’ blankets are used for fire fighting in hotels, department stores, ‘ .
[ laundries, dry cleaning establishments, at airplane hangars, by fire .
! departments; the one designation “Asbestos blankets for fire fight-
ing” covers a multitude of what might be regarded as the “Uses
! of Asbestos Cloth” if the list were carried out to the nth degree.
: dehere :::h also ‘i;numerabelle uses of astgztas and asbestos
products which may extremely interesting are unimportant
' from the viewpoints mentioned. Most of these have been pub-
lished at some time or other in “AsmesTos” and a complete list,
so far as is known, is kept on file.

As an illustration, a certain actor’s pockets were made of
asbestos cloth?, but we do not consider “asbestos pockets” sufe
ficiently important to include in this printed list.

(Several uses have been added in this 2nd Edition.)

e S e pp———
P

VIR A

USES OF RAW ASBESTOS : T
Thread
. Wick packing
f Rope packing
Felt
Paper (plain and corrugated)
Rollboard
Millboard
Insulating wire
85% Magnesia pipe covering, blocks and locomotive lagging
High temperature insulation (moulded) (various types)
- Compressed sheet packing
Compound for encasing of motor windings
i Moulded composition for electrical and other purposes
1Ses pags 18, January, 1930, “ASBESTOS™
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l (Uses of Raw Asbestos — Continued)

Moulded brake lining and brake blocks
Automo?ile bodies and railway sleepers (moulded composi- "
tion
{ ~ Filler in Plastics s
Flooring .l
Pottery and sculpture o
Asbestos Cement Products, viz: '
Shingles, siding, tile
Wall tile and flat sheets
Corrugated roofing and sheathing
i Decorative panels
Insulated board .
1;:}00: tile backing :

pes
Miscellaneous articles, such as t
: ventilators, flower pots, louvres, ete. s ..
! Asbestos cement for insulation of boilers . .:
Roofing cement

Furnace cement

Plaster and stucco

Paints, varnishes and fillers

Sprayed asbestos (acoustical)

Filling for asbestos mattress insulation

: Insulation of batteries (loose fibre)

Insulation of walls and floors (loose fibre)
Insulation in underground conduits (loose fibre)
In foundations to resist shock

Packing for explosives or other materials
Wadding in cartridges and timing devices
Filter fibres and filter pads

Platinized asbestos fibre for filtering

Coating for welding rods

In cheese making (on which to place spores)
Pavement in sewer pipe

o o e

o
ponyees'S
s

USES OF ASBESTOS YARN

Cloth

Tape, electrical and other

Brake lining

Clutch facings

Packing—valve stem, braided and other
Gaskets and gasket cloth

Tubing

Wick for oil burning apparatus
- Rope )
o Twine or sewing thread
Stocking for lead cable
] Electric fixture wire covering

(L

e e ;e e A e e
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) } (Uses of Asbestos Yarn — Continued) i IS ) ‘_ :

! |
: Electrie cable covering !
Tying gas mantles ; o
! For spark plugs ! .
' Edges for hair felting ‘ _
! t " Nl

; USES OF ASBESTOS CLOTH ‘
1 Packing—sheet, high pressure, folded or wound . R
Brake lining, folded and stitched
Clutch facings
Gaskets !
! Asbestos insulation mattresses
BH Substitute for canvas on insulation where temperatures are

high

| Clothing, viz: : R
v Suits ST .
Helmets . . . s

Gloves and mittens : R e
Aprons s "

Bereta
Tapestry
Hangings for firestops
Blankets for fire fighting
Blankets in electrolyzer cells CL
Bags and diaphragms (in oxygen producing) o
Mailbags ] .

. Floor lining in theatres
| Portable motion picture booths
{ Motion picture screen
i In acoustical treatment
1 In acetylene welding
Gun grips
| Asbestos faced wipers in commutators
| Facing for dryer felt &
| Filtering (fruit juices, acids, etc.)
! Filter in dust collectors
i Qil filter sack (in automobiles)
{ Protectors for gas bags in balloons v .
- Oven insulation
3T Lining in motors - : L
. Lining of laboratories, cooling chambers and other rooms -
' Lining of automobile footboards
!
'
{
{
1
1
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I (Uses of Asbestos Cloth — Continued) :
- Padding for laundry presses and mangles: }

! Padding prison cells
I Wrapping oil tanks and oil lines in engines
i Umbrellas and shields (protecting firemen)
e In various x?fedwa.l test & )tus
! Sand bags (for pressing
| Conveyor belting
: In hay curing to preserve aroma and color .
v In cheese making to control temperature B Lo
: Insulation against noise and vibration (especially in airplanes) e
N Fittings for airplanes i
[ USES OF ASBESTOS FELT - -- N
In ascoustical work r 4
: Protection of underground pipes
' , paper ines :
) Noise insulation '
; Padding in piancs )
' USES OFfoAranleTOS TAPE
! Wick urning apparatus
i Belts for conveying hot glass or other articles
: Pull strings for ovens
i Insulating locomotive steam pipes at bends, ete. he
; ) inding coi S o
! Winding buss bars ) .
Insulating underground cables :
i I.Aboratoryuses,suchuinmhﬁonforﬂnhtatmba,re-
: torts; tie straps in diffusing ma
' Inglmmanufactuntormppmgﬁnuoiforhbtkebot-
tles from ovens; reinforcing paddles for stirring mol-
ten glass
USES OF WICK PACKING .
; As packing -
: For wiping of wire, armor plate or galvanized materials
USES OF ASBESTOS PAPER .
Air cell and other coverings :
Boiler jackets Pipe
Asbestos felt
' Asbestos built-up roofing
. pro roofing .
' Gaskets, plain and metallic % .
1 Wick in oil burning apparatus o
' Tubes in electrical industry :
g'uppinx :if hot i 1‘
ra air pipes b
. Linings of
X Stoves
Page 12 The Asbestos Factbook Io.
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(Uses of Asbestos Paper — Continued) .

'R Linings of o F
& Filing cabinets . .

' Soldiers' helmets 8 ) A A

: Auto mufflers T St
1i Radiator covers K
i Drum controllers " Sl ol s ol
o b Cookers . : - S S
.t ll Electric appliances _ e S . L
s Armored car roofs T Lo
- 1( Auto foorboards

id

o

In enameling ovens to catch drip . .
Insulation of ovens and dry kilns o T
Diaphragm in electrolytic cell L I Lo
Tank covers T . L
11 Reinfomng aluminum foil for insulation . ) . R

; Inmndowglmmachneryhgmdehotsheeﬁ,toahieldhot F - ;
i glass from flying fragments L
1! In welding and other processes for protection from heat T . i
. In annealing (crumbled paper) 3 2o
_ In chemistry and physics in many various ways 1
e Reinforced with cotton thread for automobile tops L
- Covering of rockwool blankets which must be sewed SN
. . Sk Wrapping of wires and cables -
‘ Insulating exhausts on automobiles K
~  Baking sheets [
Table pads and mats -
Construction of air ducts or lining of paper ducts =
i USES OF ASBESTOS MILLBOARD .
' Linings of .
Stoves and heaters .
Safes ' =
Garages b -
Motion picture booths ’
Electric switch boxes -
Dry cleaning machines !
Garbage incinerators b -
Hoods of automobiles : »
Bottoms of brooder stoves
Ovens and dry kilns r
- As fireproof wallboard 5
Ceiling over boilers, smoke stacks, etc., for fire protechon :
Gaskets, plain and metallic

=i The Asbestos Factbook Page 13 I
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(Uses of Asbestos Millboard — Continued)

Paddles in glass mills i P o )

Washers in electrical apparatus * h ’ .

Tent shields and stove pipe rings . :

- In metal clad doors (between outside metal and wood core)
Table pads and mats

& Stove mats

USES OF ASBESTOS-CEMENT FLAT SHEETS . ¥ Tl
AND WALLBOARD ’ * e

- . Interior sheathing (of factories, refrigerator rooms, etc.) Los ™

: Partitions, movable and fixed

Exterior ahudtll:zg (balf-timber effect) . .

Roof;nndndaofmnﬂbuﬂdingx . LT
Semi-portable motion picture booths o . _ A
Ermeprooi layer on insulated board ) T -
Lining of fireless cool -
Baddng for dies (in mnuldinc glass) :
Brake shoes for elevators )
- Hoods over machines or vats (from which vapor rises) S
] Mounting of test instruments and gauges - o
i Laboratory table tops . Y N
‘: Switch boards Y . P
{ Cabinets and panel box work . -
i, Insulators between phases and on arc deflectors N P *

.

Misceilaneous uses in electrical ap tus Lo b
Lining for bieaching and other and vah . ; FERE

and cut-outs for window displays T
Blackout or bombproof board

USES OF ASBESTOS CEMENT PIPES . .
For carrying of water, sewage, gas and special liqmd: L B
As gas vent pipes PR

Conduits for electric light wires, etc. AR B
Purlins, rafters, trusses, etc., for wartime buildings - T
I "USES OF ASBESTOS COMPOSITION MATERIAL - o Cor
) - Insulation compounds : .
! Heater cord insulation ST
) Elech‘ic.;ikn msilahon e - d . o
H Lamp ets, rheostat baclnngs, swii parts, arc deflec~ ! S
i tors, resistance mountings and other electrical uses . _
_ 10f many types.
Page 14 The Asbestos Factbook o
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(Uses of Asbestos Composition Material — Continued) o
Underground insulation C7
: Flooring
e Phonograph records, buttons and other small objects made
IR SRR of plastic
X Lot ’ Sealing of percussion caps in large cells
. ! USES OF VARIOUS ASBESTOS PRODUCTS IN MOVIES
; To localize fires in location
To protect nearby buildings when fires are set _
For wall sections in sets to prevent reverberations - :
-- S Firebox in fireplaces g
1 Insulation of camera booths against sound .
. : Blinders or ears for lights or sun arcs =
| Dressing winter scenes as snow
a Dust on cobwebs, old wine kegs, ete. .
RE Noise insulation 1
Insulation for maintaining even temperature X
. ' ‘ ' ¥
] ¢
j b
; _. : TYPICAL ANALYSES A
i ] Chrysotilet Blue Amosite .
e ok Silica (Si0,)..vvvvviin... 39.05 511  50.24
. Alumina (ALO,) .......... 3.67
‘ C ' ' Ferric oxide (Fe,0,)....... 2.41 e 7.80
L o 'i',' Ferrous oxide (FeQ) ...... ‘ 35.8 32.00 .
e \ Magnesia (Mg0Q) .......... 40.07 2.3 3.96 .
o o Lime (C80) «euvvvennnnn.. ceer e el
Sodium oxide (Na,0) ...... cees 69 - 212 v
: Combined water (H,0) .... 14.48 3.9 3.00 L
:’ ’_ R . Ot ‘\" '
99.68 - 100.0  99.12 o
1Canadian (Thetford) o : _'L
The Asbestos Factbook . I
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SECTION 3 -~ ASEEZSTO3S, A MINERAL OF UNPARALLELZD PROPERTIES

Section 9 contains concise information on:
A, Properties of asbestos fiters.

B. Solubility of Asbsstos.
; 1. Chrysotile is readily attacked by acids.

2. Amphibole is fairly acid resistant,

C. Effect of heat on asbestos.
1. Chrysotile shows small ignition losses below 700° F and a rapid
increase in loss at 1000° F and above.

2. Amphiboles show small ignition losses since they contain only
small percentages of water of crystallization, -

D. Effect of heat on tensile strength.

1. High temperatures and lengths of exposure decrease the strength
of chrysotile fibers. At temperatures above 1000° F, the
strength decreases rapidly.

E. Comparison of surface area of fibers.
F. Comparison of fiber diameters.,

G. Photomicrographs of chrysotile.
1. Harsh chrysotile fibers.
2. Semi-harsh chrysotile fibers.
(a) The harsh fiber has a straight or needle like structure.
3. Soft chrysotile fiber.
(a) The soft, silky, chrysotile fiber is wavy.

H. Electron micrographs of asbestos.
1. Chrysotile from Arizona.
2. Amosite from South Africa.
3. Anthophyllite from Georgia.
4, Crocidolite Blue from South Africa.
5. Crocidolite Blue from Bolivia,
6. Tremolite from California.
7

. Actinolite from Canada.

01 040 1369
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times, it appears 10 be the oniy in-
formation availabie on tiie subject.

When, several years agoe, it be-
came necessary o obtan techuical
data, oot avaiiab.e in :he Jiterature.

» ﬁ \\ _~ "’ . 11‘ - -‘_
Lo moaghtan L [ Aem ey T
Lo OOLW/Og DT L s o A
——
/J‘ﬂ M\od.‘/-— o\\
— - \/v- -
J-
&
v oae ar
oy M. S. BADOLLET
(Annual General Meeting, Quebee City, Que., dpril, 1051)
(TLransactions, Jolume LIV, 1951, pp. 151.160)
INTRODUCTION This information was obtained over
period of years by search of the
i .E DdE\I{\D for geﬁ:};ral literature and by experimental in-
=~ knowiedge on as?estqs 110res vestigations.
ins incressed considerably in recent
vears. .\ few publications have ProPERTIES OF AsSBESTOS FInRes

printed data showing some of the
pavsicul and chemical properties of
asbestos, but in many cases this in-
farmation is difficult to find and is
seldom available when needed.

During the past ten years, Johns-
Maanviile have received many inquir-
ics on the physical and chemical pro-
periies of asbestos fibres. Fortun.
ately, we had some of the informa-
tion in our files, and we willingly
supplied the data.

To help relieve this need. we have
tried to present briefly in this paper

some of the interesting and out-
standing properties of asbestos.
*Researcn  Center, Johns-Manville

Corporation, Manville, N.J.
(1) Tor reforences, see end of paper.

soie I (1, 2) presents, in con.
\cmcnt form for easy comparison,
data on the principal properties of
the several varieties of commercial
‘asbestos’ — actinolite, amosite, an-
thophyllite, chrysotile, crocidolite,
and tremolite. Under each varicty
of fibre is a brief statement deserib-
ing the properties in terms of struc-
ture, mineral association, origin, etc,
Some of the more important data
in Tuble I are expanded and pres.
=nted in Table II (3).

SOLUBILITY OF ASDESTOS

A report (%, 3) discussing the
effects of acids and caustic on as-
bestos ‘ibres was published in Ger-
many in 1927. Re-published several

on the soiudiiity of commercial
grades of asbestos. tests were ar-
ranged following the plan -udapted
by the author of the original articic
(+).

Sampics were ovtained ¢! actino-
lite from Canada. amosite [rowm Af-
rica, anthophyliite from
chrysotile from Canada. erecidolite
from Africa, and trefolite from
California. These sampies repres-
sented fibres obtainable in commer-
cial quantities. They contained sone
mineral impurities and thus their
degree of so.udility was nol identi-
cal with that of hand-vicked, high-
grade crudes from tiiese lucalities.

The acids used in tiese tests were
hydrochloric! acetic. phiosphorie, and
sulphuric. All were dilsted to a 25
per cent acid soiution, by weizht,

Georgia,

TABLE II.— PHYSICAL PROPERTIES OF ASBESTOS

i . .
; CHRYSOTILE ;  AMOSITE  ANTHOPHYLLITE; CRCCIDOLITE b Taevouitz ACTINOLITE
. . ] -
Speciiic heat B.t.u./lb./°F... . 0.266 iO 183 :0.210 i0.201 10 2i2 "0 217
Tensne strength. 1b./sq. in.. ‘ 80,000 ' 16.000 4.000 & less 100,000 b .cen © 1.000 & less
i 100,000 " 50.000 ; | 2c0.cco ! 8.C00
an. i -nuon ' . ¢
SR €O to 1.800 ¢ :.300 | 1.200 L1800 —
: ¢ Medium i JFast * Mzdium © Liedium
e, i Neg. ¢ Neg, \ee,
2673 . 2,180 12,400 2.540
" Poor i Fair ! Pocr " Poor
* Very good Good i Goog  Fair
0 , 3.0-5.9 ' Ce——
iron - iron . Lime Lime, iron
1 o G ] Puor Good Doar * Poor
- Guod. Brittie  Gooc. 2rittle  Verv zood ' Pcor, fuses | Fairtocood  ——
- AT hign wmp. |l kizh temp. R ,
Jiez fLl3s 10.38 : 0.8+ C— fo—
- Green.crey  * Yellowish- Yellowish- Dlue White " Greenish
1o white trown broewa. Same- .
: timmes aimost °
| whize [
. . : ! 4 g i (
040401370
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Poch Tibve sminpile, comsinilng? ot
10 zrams, was accurately  weigned
and pineed ina flask containing 460
e.c.of the 25 per ceul achd o cans-
tie solution.

Two sets of tests were conducted,
oie at roowm temperature (23°C.)
{er indefinite periods, the other at
hoiling temperature in a refiux con-
Jdenser for two hours. At the exd of
ecach test, the fibres werz removed
from the solutions, washed free from
acids or caustic, dried, and weigh-
ed.

Table III shows the solubilities
of these particular asbesios fibres
in the four acids used and in caus-
tic soda,

The action of boiling acids on
asbestos fibres is severe, with chry-
sotile the most soluble. Acetic acid
was not so effective as the minerzl
acids in dissolving chrysotile, aad
caustic’ had even less action on this
raineral.

After chrysotile fibres had last
55 per cent of their weight, ¢xam.
ination showed the fibre structure to
be almost all silics, brittle, and very
fragile.

The high solubility values for ae-

tinolite are, it is believed, due to the
presence of soluble minerals as im-
purities in the commercial product
used by industry.

Antfophyllite seemed to resist acid
action better than any other vari-
etv, with crocidolite second best. tre-
molite third, and amosite fourth.

All these solubilities would vary
depending upon the source of the
fibre and whether the sampies rep-
resented pieces of ‘crudes’, or miiled
fibres as purchased on the market.

The action of acids and caustic
at room temperature is giower than

He ‘(_JL{_(/;EA' 11340, 35,200 0 NaGHE
i ' {

Actwonte ... o 20000 j2iE 20,49 20..3 9.25
Amosite, . L oL 12 ey AR 1067 11.35 6.97
Antiophyliite. ... ... |, 2.06 G.60 Z0i5 0 2.73 1.22
Chrysotile........... 35.66 ¢ 23.42 ¢ 355.i8 53.7% 0.59
Croadolite............; 4.38 ! G.4i .37 i 2.69 ¢ 1.235
Tremolite.......... ... 4.77 1.9 4.99 .58 ! 1.80

Per Cent Loss in Weight. Room Temperature 25°C. for 328 Hours
239% Acid or Caustic

| 1
i KCl C}.";COOHI H,FO, ‘ HaSO. | NaOH
| i |
! i ! '
Actinclite.. .. .o ... | 2255 ¢ 1218 | 2000 | 2080 | 943
Amosite. ... | 128 3.08 ; 11.83 ! 11.71 5.3
Antoohyllite, . ....... ! 2.13 1.04 ! 3.29 ‘ 2.9 1.77
Chrysotile............ 1 55.00 24.04 ! 56.45 56.00 1.03
Crocidolite............1 3.14 1.62 ! 3.91 ¢ 3.48 1.20
Tremoiite............. P42 1 14l | 489 | 4.7 1.65
! ! { {

st boiling temperatures, but if the
fibres are kept immersed in the sol-
vent for a sufficient length of time,
the solubilities {inally reach the
values obtained at boiling tempera-
tuzes.

The tests at room temperature
were conducted for pericds of 24
hours, 192 hours, 360 hours, and
528 hLours. After each time period,
the fibres were removed, washed,
and weighed, and the solubility cal.
culated. The {fibres were then re-
placed in fresh solutions of acid or
caustic to begin'the next cycle.

For convenience, only the solubil.
ity data for 528 hours are given in
Table IIT siace at this point most of
the fibres appareatly reached their

maximum solubility, and this was ap- -
-to 1,800°F., and the weight loss

proximately equal to the solubility
niter a two-hour treatment in boiling
acids or caustic.

. Such informativn is invaluable to
a manufacturer desiring to produce
an asbestos product which will be
exposed to conditions similar to
those in the tests. The most resist-
ant fibre, if available in commercial
quantities, naturally will be selected
for the product.

Errzcr or HraT oN Asscstos

Since asbestos fibres frequen:ly
are exposed to elevated tempera-
tures, it is necessary to determine
which fibre most satisfactorily
meets the demanda.

With this iz mind, the same fibres
as used in the solubility tests were
subjected to two hours’ exposure.at
temperatures varying from 400°F,

measured. The ssmples, after drying
to eliminate surface moisture, were

TABLE [V.— EFFEcT OF TEMPERATURE ON L0OSs IN WEIGHT OF ASBESTOS FIBRES

Loss 1x WEiGHT

Temp. °F. . TIME ' ’ '

| : AMOSITE { ANTHOPHYLLITE i CHRYSOTILE CROCICOUITE | THEMOLITE

_ : ; % ! % % % ! %

| 2 hr. ; 0.23 1 0.05 i 0.30 i 0.03 i 0.04

: ; ! 0.57 , 0.24 | 0.35 | 0.25 {008

i " : C.8Q 0.3 ! 1. 73 ) G ; 0.12

| * 0.98 ! 0.38. ) 2.7 ! V.73 ; 9.22

: * 207 0.t 2.3 ! 0.3 X 0.26

i " s Olad 5.99 : 0.5 | .29

: " 1.38 0.52 10.3 , 1.9 ; 0.37

" 1.23 0.5+ 12.73 . 1.04 : 6.37

** 1.43 Q.34 T 3.3 1.63 ! 0.4

. "’ — | Q.34 —_ —_ i 9.3%

" i 1.52 | 112 12.62 o 0.93° | 0.67

" : "’ ) — : 1.72 —_ — 1.40

o) | " : 1.23 i 2.39 3.77 : 0.77° l 2.18
“lwon changing in weigtt due to oxigation. 0 1 0 4 O ‘l' d (<

—3



werzued, puaced inoa wmaltle where
lemperature :aintained  auto-
matically, removed after a two-hour
exposure. cooled to room temipera-
tire in a desiccator, and re-weighed.
The percentages of loss in weight
are tresented in Table IV,

Generaily speaking, the amphi-
fibres such as anthophyilize
and tremolite resisted the heat fair.
iy well at temperatures below
T00°F. The chirysotile fibre, on tie
other hand, began to show a sudden-
v increased weight loss at T00°T.,
ané a rapid increase above 1,000°F.

At higher temperatures, all fibres
bezan to change in physical charac-
teristics, but the amphiboles did not
disintegrate so' rapidly as the chry-
sotile fibres. The crocidolite fibre
a: 1.600°F. and higher showed a de-
“Hinite oxidation of iron and became
brittle.

Chemical analysis of chrysotile fi.
bees showed that the ignition loss
vaiues varied with the mineral im-
purity present. Therefore, it was
decided to determine the nature of
these impurities and their effect on
ignition loss values.

A series of chrysotile asbestos fi-
bres from Arizona, Australia, Rho-
desia, Russia, and Canada were sel.
ected. These fibres were individual-
Iy tested by placing a sample in an
ultimate asnalysis train, with heat-
ing units electrically controlled.

The air taken inte the combustion
chamber was dried by passing it
through sulphuric acid and absorb-
ing the water and carbon dioxide
with magnesium perchlorate, Mg-
(Ci0,),, and ascarite.

The temperature of the combus-
tion unit was accurately determined
by a chromelalumel thermacoupie

wns

voie

conitected on one emd to a potentio-
wieter, and on the other to the side
of the asbestos sample in the com-
oustion tube.

Any sases, such as water and car-
ven diox:de, driven off the asbestos
sampie were weigned aiter being re-
covered in o second zbsorbing train
containing Mg(ClO,). and ascarite
in two aifferent U tubes.

Prior to the test. the combustion
train was purged for half an hour
at 220°F, with dry air. Then the
temperature was raised by 1,000°F.
and the absorbed gases weighed. La-

- ter, the test was repeated by raising

the temperatures to 1,800°F. and
weighing the absorbed gases.

The data shown in Table V give
the percentages of water and carbon
dioxide driven off each fibre at the
two tembperatures.

The Arizona fibre had a high ig-
nition loss at 1,800°F. This loss con-
sisted of 12.89 per cent water and
1.91 per cent carbon dioxide. At
1.000°F., 0.54 per cent carbon di.
oxide was expelled from the sample.
Calculated as MgCO,, this indicates
he presence of 1.03 per cent MgCO,.
As the temperature was raised to
1,800°F., additional quantities of
carbon dioxide were driven off,
which, assumed as having been com-
bined with CaO, would represent
3.11 per cent CaCO,, indicating
that the Arizona fibre tested con.
tained 2 high percentage of calcivm
carponate,

These caleulations of CO; as rep-
resenting MgCO, and CaCO,, res-
pectively, are based upon the disso-
ciation temperatures of these com-
pounds. Magnesium carbonate dis-
sociates at temperatures below
1,000°F., and calcium carbonate at

a  temperatute  of  approximately
1,630°F.; u teinperature of 1,506°F.
for one hwour, therciore, shouid ve
sufficient to drive oif ail the CO..

The Australian [ibre contained
12,48 per cent .0 and 0.56 pe:
cent LO.; lvss in weight on '
tion was 132.83 per cent Hecalcula-
tion of the carbon dioxide as car-
bonates indicated tha: this fibre con-
t2ined 1.26 per cent MgCO; and
0.68 per cent CuaCO, as .impurities.

The Canadian fibre identified as
“.1” shows a water content of 14.28
per cent, which is higher than the
theoretical umoun: of water in the
asbestos molecule. X.ray diffraction
patterns of this fibre show the pres-
ence of brucite, Mg{OH),, which
would break down and produce wa-
ter during the heating period, ac-
counting for the high water comtent
of the fibre. The magnesium car.
bonate is calculated at 1.62 per cent
and calcium carbonate at 0.27 per
cent.

The Rhodesian fibre contained a
much higher percentage of magne-
sium carbonaie than any of the other
fibres tested — 4.85 per cent. The
calculated amount of calcium car-
bonate is 0.79 per ceat.

The Canadian fibre identified as
“B” resembles the “4” sample in
having a water content higher than
that of pure serpentine, and here
again the X-ray diffraction pattern
showed the presence of admixed
brucite. The magaesium carbonate
content was calculated to be 0.86

Perrmil

per cent, and calcium carbonate,
0.07 per cent.
The Russian fibre is a harsh

chrysotile haviog a low water con.
tent (11.74 per cent at 1,800°F.).
The presence of 1.47 per cent mag-

TaABLE V.— COMBUSTION ANALYSIS OF CHRYSOTILE ASBESTOS

{ : | PeR CENT CarsoN Dioxioe
' » i _TotaL IGNITION :  CALCULATED IN TERMS
SouRce OF FIBRE | TEMPERATURE{ PER CENT | PER CeENT | PER CENT Loss oF OF PERCENTAGE OF
°F. ' H;0 ‘ CO, H;0+C0O; FIBRE !
| ! i MgCOs CaCOs
ATiZONA. ... .einens 1000 337 , 0.3 | 3.9 3.87 103
WO 1,00 | zEo o a b o1ais0 1380 103 | 3l
1 ! |
Australian.......... 1,000 | 150§ 0.66 2.16 2.06 1.26 |
SR 1,800 ) 1248 | 0.96 13.44 13.33 1.26 0.68
Canadian (A)....... P00 I 547 | o8 6.32 6.23 1.62 |
S . us0 i 128 ;o097 | 1525 | @7 e | oz
i [l i
Rhodesian.......... 10 D O~ S - -7 43 0 428 ' s
" PR pooLe0 o200 2.8 0 M | .63 0.79
Canadian (8)........ L0600 | 375 ! 0.45 . ) e 0.85 .
magn @) 150 o3E o 13055 Ses 1 0.07
Rusgian. ....eoene | 1ec0 0 188 ¢ o7 ! om0z Lt )
R | 1360 i 1.C5 280 ¢ i 0.66
Canadizn (Chevwe... 1,000 2.25 b 2 b 266 G.92
Canadigh (©)..----- L 15c0 1123 e 1268 | 1200 Css i 0009
l : i { { PO W, W s Lals)
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n8siia carbonate aad 0.66 per cent
caleium carbonate was indicated.

Canandian fibre identified as “C*”
s a semi-barsh fibre with a low wa-
ter content (11.93 per cent). The
:otal amount of CO. ariven off is
smal and is caletlated as represent.
ing 0.90 per ceat MgCO,; aud 0.09
per cent CaCQO;.

From these data it can be scen
now reddiis ordinary  ignition-loss
figures can be misunderstood if the
presence of mineral impurity is not
taken into account. For example,
most ignition-loss tests on chrysotile
asoestos are made to determine mole-
cuiar water content. If the fibre con-
tains impurities such as brucite,
mmagnesium carbonate, or calciom
carbonate, an error is introduced in-
to the calculations and the fibre is
shown to have an ignition loss great-
er than the thearctical quantity of
molecular water. This could be a
serious error in determining the as-
bestos conteat of an asbestos tex-
tile, {rom which the organic fibre is
burned purposely and a correction
factor is applied for the molecular
water content of the asbestos.

Errect or Hear on TeNsiLE
STRENGTH

A piece of Canadian crude was set

szside-and a number of small fibre .

bundles, approximating 20 to 30
microns in cross-section, were sel-
ected and hLeat-treated at different
temperatures in an automatic con.
trolled muffle.

The original fibre bundles hsd a
tensile strength of 131,000 1b./sq. in.

Tour sets of fiore bundles were
heated for 3-minute periods at tem-
peratures of  600°F., .300°F,,
1,000°F., and 1,200°F. The eifects
on the tensile strengths of the fibres
are shown in Table VI.

At temperatures higher than
1,200°F., the fibre bundles were
too brittle to handle and were con-
sidered rather weak.

The same fibre, when heated ior
one hour at the temperature s:ated,
had a tensile strength as follows:
400°F., 129,000 lb./sq. in.; 600°F.,
100,000 lb./sq. ia.: 1,200°F., less
than 2,000 lb./sq. in.

These data show that temperatures
2nd 4mes of cexposure aifect ihe
tenall - " iremmth of chrysotile fibres,
esioc.e.y dt 1,600°F, and higher,
where tae strength begins to de-
crcase rapidly.

TzxsiLg STRENGTHS of Various

siaTznials

Jeference has been made on seve
crid 0ceu5i006 0 tLe fact tdal &3DEs-

TAnlE VI.— EFrecT OF HEAT oN TENSILE STRENGTH OF CANADIAN
CHRYSOTILE CrULE

TENSILE STRENGTH

PER CeNT OF ORIGINAL

Wb./sq. 12, TENSILE STRENGTH
Qri:i:‘.zl crude—iNo heat...... .. ' 21.CCo —
Heated & min. at 600°F.. .. ..... . 120,000 51.6
L.t} P ©6,000 ' 73.2
oo LOQ0°F.. L 73.000 9.3
Yoot 1 200°F.. .. o 42,000 : 32.0
tos fibres are strong. As an inter- This would indicate that absestos

esting comparison, data have been
selected showing :he cpproximate
tensile streangths of such materials as
iron, steel, cotton, rock wool, glass,
and several varieties of asbestos.

TABLE VII.— COMPARISON OF
TENSILE STRENGTHS OF VARIOUS

MATERIALS
|
TYPE OF MATERIAL S‘gggi%fx
{Lb./5q. In.)

Iagotiron......... 45,000
Wrought iron........ 48,000
Carbon steel........ 155,000 .
Ni-Cr steel....... - 243,000
Piano steel wire..... 300,000
Cotton fibre.........| 73.000 to 89,000
Rock wool.......... 60.000
Glass fibre........ .. .]100.000 to 200,000
Chirysotile asbestos..| 80,000 to 100,000
Crocidolite asbestos. .[100,000 to 300,000
Amosite asbestos....; 16,000 to 90,000
Tremolite asbestos...[ 1,000 to 8,000

Tkhe values given in Table VII are
approximate and are cited soiely
for the purpose of illustrating the
comparative strengths of some ma-
terials used in industry. It will be
rioted that chrysotile and crocidolite
asbestos . {ibres are exceptionally
strong and are comparable in that
respect to glass and to some grades
of steel.

The tensile strength values for
the asbestos fibres sre based upon
breaking louds apziisd to fibre bun-
cles rmessuring coproximately 20
wicrons in cross-seltion.

CoxparisoN or Surract Anga or
rizazs

Iii. . cocogmized fact that ase

Sestos fiores sSpesr =5 ouzdles con-

sisting of many thousands of ine

dividual fibrils not visible to the eye.

-

should have a great surfsce area
when fully opened.

TaABLE VIII.— COMPARISON OF
THE SURFACE AREA OF VARIOUS
FIBRES

SURFACE- AREA
BY Nj
ADSORPTION
| (S8q. Cm./Gram)

l

i

TYrE OF FiBRE

Nylon.............. ! - 3,100
Acetate rayon...... 3.800
Cotton............. 7.200
Sitkk. ...l 7,600
Wool............. 9,600
Yiscose rayon. .. 9,800

Asbestos (Chrysotile) i130.000 to 220.C00

The data in Table VIII show the
surface aress of nylon, rayon, cotton,
silk, wool, and chrysotile asbestos.
The values for asbestos are s0 large
in comparison with the other fibres
tested that it seerms hardly possible
that they could have such great sur-
face area.

The large suriace area value of
asbestos is a very important factor.
It gives wide coverage and at the
same time furnishes strength to as.
bestos products.

CospParisoN oF Finng DIAMETERS

The approximate diameter of fi-
bres of various types has been mea-
sured and recalculated in terms of
the number of fidbres or fibrils re.
quired o equal one linear inch. The
rasails are interasting and they show
that a very larze number of asbes-
tos fizsils is required o make a iin-
i gives apnroxi.

¢if Lair, ramie.

TAE Laln o Locds
weus, ©Sion, riyon, ayien. glass,
rock woni, zng dssestos. The ex-
tremely small cross-section of asbes-
tus fibres as compared with others

vl gt 040 1374
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TABLE | X.— COMPARISON OF APPROXIMATE FIBRE DIAMETERS

T o Fiswe | FOE QUM | P v
Human hair........ ... ... 0.00158 630
Ramie............... ........ 0.000985 1,015
Wool........ P 0.0008 to 0.0011 910 to 1.250
Cotton........ ....  ....... 0.0004 2.500
Rayons....................... 0.0003 3.300
Nylon...... ................ 0.0003 3.300
Glass........................ E 0.00026 3.840
Rock wool.....................| 0.000142 to 0.000284 3,520 to 7,040
Asbestos (Chrysotile)........... 0.000000706 to 850,000 to

0.00000118 1.400.000

Harsh type

Semi-harsh type

method of investigation is of con-
siderable intergst.

On a number of occasions we have
had the opportunity of examining
asbestos fibre under the electron
microscope through the ¢ourtesy and
co-operation of Dr. James Hillier®.
The several varicties of fibres stud-
ied and discussed in this paper were
submitted to the RCA Laboratory
to be photographed at two different
magnifications to show the structure ~
of the fibrils. :

Chrysotile

The soft Arizona chrysotile at s
4,000 magnification shows fibre bun-
dles which appear wavy with frayed
ends (see Figure 2)3,

The same fibre at a magnification
of 35,000 shows bundles in which the

Soft type

Figure 1. —Photomicrographs of chrysotile asbestos. x 100.

PHoroMicROGRAPHS oF
CurysoriLE

Three samples of chrysotile were
selected, representing three- differ-
ent degrees of texture. Each of these
three- fibres, mounted on a cover
glass, was placed under a microscope
and photographed at 100 magnifica-
tions. They are shown in Figure 1.

The harsh cheysotile fibre at this
magnification resembles the struc-
ture of splinters and has a needle.
like structure. The fibres are springy.
bulky, fast-filtering, and usually not
sn high in tensile strength as soft,
silky fibres. This type of fibre will
break quickly under flexing action.

The semi-harsh fibre appears par-
t'ally as a harsh, and partially as a
soft. fibre. The fibres have lost most
of the needle-lke s'ructure and ap-.
pear as thick, wavy bundles. It is
difficult to show in a picture that
they are different from soft fibres.
Chemically. they are the same as the
latter, but the measurements show

quite different physical properties.
Such physical tests as filtration, wil-
lowing, surface area, bulk, and
strength will bring out the true pro-
perties of this fibre and showshow
it differs from the soft, silky chry-
sotile. °

The soft fibres appear as thin
threads which are very soft, not bul-
kv, slow.filtering, and extremely
strong. As noted above, they have
the same chemical composition as the
semi-harsh fibres, but quite differ-
ent physical characters. )

The soft, silky chrysotile fibres
make up the bulk of asbestos used in
industry. They are available in large
quantity und usually are cheaper
than the semi-harsh or harsh fibres.

. ELectroN MICROGRAPHS OF
AspESTOS

The electron m’'croscope is a valu-
able tool for examining materials
which are difficult to see by ordin-
ary microscopic means. Since asbes.
tos exists in thin cross.seetions, ‘this

—_—

820

fibres appear as hollow tubes (Fig-
ure 3). This feature was first re-
ported by Dr. Hillier in April,
1949 (6), using a magnification of
94,000, and it has since been re-
ported by Bates, Sand, and Mink
(7), of Pennsylvania State College.
Our measurement of the thin fibrils
indicated a cross-sectior in the range
of 214 to 284 At units, while Dr.
Hilller reported fibril diameters of
180 A units. This would account
for the fact that soft chrysotile fi- -
bres have large surface areas and
show a preference to open length.
wise if properly fiberised.

Amozite

The amos.te from South Africa,
at a magnification of 4,000, shows

*RCA Laboratories, Princeton, NJ.
$In this and all succeeding Figures
showing electron micr-graphs, the
magnification has been reduced from
that stated in the text. The caption
below each Figure gives the mag-
nification as thuy reduced. -

ed.
T 040 1375




o s ey s

Vo

N mes

—— o .

Figure 2.~Electro micrograph, chrysotile asbestos.

x 1,733,

straight bundles criss-crossing the
field (Figure 4).

The same fibre at 35.000 magni-
fication shows rather thick bundles
that still remain straight and indi-
cate a plane of cleavage that is
clean-cut and abrup: (Figure 5).
Whenever a small fibril is split
from a small bundle, its cross-section
appears to be approximately 300 A
units. However, only a few small
hundies appear in this picturs. while
chrysotile fibre, on the other hand,
apparently breaks down lengthwise
easily and shows numerous small fib.
rils within the range of 300 A units
and less.

The fact that amosite fibre tends
to remain as large, thick bundles may

Figure 4.—~Electron micrograph, amosite asbestos. x 1,733.

well account for its freeness in fil-
tration, small surface area, and
bulky appearance.

Anthophyllite

At a 4,000 magnification, antho-
phyllite fibres appear as a mixtare
of thick and thin bundles which
show clean, even breaks at the ends
(Figure 6).

At a 35.000 magnification, some
fibrils appear thin and flexible while
others are stubby, thick bundles
(Figure 7). The cross-section of the
thin flexible fibrils is €qual to, and
possibly smaller than, that of chry-
sotile fibrils, placing them at ap-
proximately 200 A units. It is to be

N
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Fig.ure 5.—Electron minﬁrrh, Uztba‘bciog ;fézoo

Figure 3.—Electron micrograph, chrysotile asbestos.
) x 15,200,

noted that no hollow-tube structure
appears within these thin fibrils.

This particular sample of antho-
phyrllite is soft, not strong, and
breaks easily during processing.

The mineral impurities in the fibre
are visible as plates in the electron
micrographs.

This fibre is found in Georgia as
a mass fibre, and considerable non-
fibrous material is associated with
the recovered fibre.

Crocidolite

The crocidolite u;ea‘-,in this in.
vestigation was the typical blue fi-
bre from South Africa.

‘ "hﬁ,‘_._a
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x 1,733,

At a 4,000 magnification, the fibre
appears as straight, stiff, brittle
bundles, and in most cases the ends
show clean breaks (Figure 8).

At a 385,000 magnification, the
bundles appear fairly thick, but
there is evidence that slender fibrils
of approximately 800 A units exist
(Figure 9), though they are few
and far apart. The brittle nature of
the fibre probably prevents individ-
ual fibrils from splitting off length.
wise, and consequently all that is
seen is the large bundles.

Bolivian Blue.

Bolivian blue .asbestos is a type -

Figure 8.—Electron micrograph, crocidolite asbestos.

z 1,733

E;i'm 6~Elsctron micrograph, anthophyllite asbestos.

of crocidolite fibre which differs
somewhat from normal African cro-
cidolite in chemical composition. It

" is a soft, silky fibre, not very strong

and easily pulveriséd,
At 8 4,000 magnification the fibre
bundles are clean, tightly bound, and
show evidence of brittleness (Fig-
ure 10).
© At a 35,000 magnification, the
bundles still appear clean and tight.
ly held together (Figure 11). An
examination of the few bundles in
the field indicates that, if the bun-
dles are properly opened, they will
show fibrils of approximately 300
units.

o,
IS TU

Figure 9.~Electron

Figure 7.~Electron micrograph, anthophyllite ssbestos.
= 15,200,

Tremolite

The tremolite under investigation
is from California and is conlidered.

of good quality.

At a 4,000 magnification, the
cross-section of the bundles. varies
from thick to thin (Figure 12). The
bundles do not appesr to be held
tightly together and they show a
tendency to fray. out.

Ezaminstion of the bundles at
33,000 magnification shows evidence
of individual fibrils existing at ap.
prc;ximately 300 A units (YFigure
18).

micrograph, crocidolite asbestos
x 15,200,

e e D e e
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Figure 10 —~Electron micrograph, Bolivian blue asbestos.

x 1,733,

Actinolite

The sample of actinolite was ob-
tained from Canada. Previous tests
showed bhigh solubility, iudicating
the presence of impurities.

The electron wicrograph at ¢.000
magnpificativn verifies this fact as it
shows only a few fibre bundles, with
a high percentage of plate-like min.
erals present (Figure 14).

Sampliug this grade of actinolite
for electron wicroscope studies is a
considerable problewn and wany ex-
aminations would be requiréd ¥s¥b-

.. - tain a satisfactory field.:sHowever,
it was recoguized that this sampie

oF T

was a willed cowmercial product
aud the pictures do show the true
nature of the material.

At a 35.000 magnification, on]y
vne large, thick bundle appears in
the picture. There is a suggestion
of breaks along the end, but there
is no indication as to the size of the
individual fibril (Figure 18).

ConcLusioN

‘The various properties of the six
varicties of asbestos invesligated are
giveu io convenient tuble” form to
serve as a quick referencesiew. .

Soiubility data of the six +arieties

- oxide.

Figure 11.—Electron micrograph, Bolivian blue asbestos.

x 15,200,

of asbestos show that chrysotile as-
bestos is readily attacked by acids
and that the wwophibole fibres arc
fairly acid-resistant.

The effect of heat on the differ-
eot varieties of asbestos varies.
Chrysotile shows small xgmtwn loss-
&s at temperatures below 700°F. and
3 rapid increase in loss at 1,000°F.
and above. The ampbiboles show
small ignition losses since they con-
tain onmly small percentages of wa-

ter of crystallization.

Iguition losses also indicate the
presence of water and carhon di-
Some chrysotile fibres show
the presence of brucite, magnesium

Figuee 12.—Electzon .micrograph, tcamolite asbestos.
x 1,733,

Figurs 13.~Electrapn micrograph, uumhu ashentna

x 15,200,
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Figure 14.—Electron micrograph, actinolits asbestos.

x 1,733,

carbonate, and calcium carbonate;
therefore, great care should be ta-
ken in interpreting ignition-loss data.

High temperatutes and lengths of
exposure decrease the tensile strength
of chrysotile fibres. At temperatures
abave 1,000°F., the strength de-
creases rapidly.

Charts are presented to show that
asbestos fibres have great tensile
strength and large surface areas.

Photomicrographs at 100 magnifi-
cation show that the soft, silky,
chrysotile fibre is wavy, whereas the

qh fxbre hu 8 stra:gbt ;

35,000 mgmflcauons show the fibte
bundles, individual fibrils, and their

approximate cross-sections, and may
help to explain some of the physical
properties of asbestos fibres used
in commercial products.
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