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The United States is the world’s-largest con:
sumer of asbestos, using more than one-Alth of
the 3.5 million shert tons3 of world production
in 1968. The major use [or asbesios is in con-
struction, induding cement producu, RAoor tile.
paper producu, painu, and caulking. Approxi-
m:elg 15 percent of US. asbestos requirements
are obuined from domestic produciion and 85
pereent from imports. Canada provides about 90
percent of the asbestas imports and the Republic
of South Africa most of the rest. The South Alri-
an material consists largely.of the special amo-
site and crocidolite varieties of asbestos: the
other sources supply predominantly the more
comumon chrysoule variety. Domestic demand
for asbestos for the year 2000 has been forecast
in a range of 1.28 to 1.87 million tons. The
main uses of asbestes are expected to remain in
the construction matenials. The major contin-
geney which is expected to lead to tne high of
the range is a broadening of the use of asbestos
in cement products. The low is based on the uses
of substitutable jower cost materials particularly
in the areas of ceramic and new plastics.

The developing countries are becoming more
imporuant consumers of asbestos products. The
necessity of Jow-cost housing is considered the

principal factor. since asbestos cement is well
suited for use in hot and humid countries. At
the {orecast rates of consumpuon, there are ade.
quate sources of asbestos to meet the US. and
rest-of-the-world demands to the year 2000, but
shi{u in supply centers may take place.

Canada 13 expected 10 continue as the leading
free world producer, but output from other
countries should become increasingly significant
In the United States the demand {or asbestos
fiber requirements is changing. and the substan.
tial California deposius could reduce the reli-
ance on imports by the year 2000, provided that
products from the relatively short fiber receive
consumer acceptance. A more remote possibility
for a new supply source would be the develop-
ment of synthetic asbestos production resulting
from research in that field by both Government
and industry.

Health hazards are present in the entire se-
quence of extracting, processing, and in some
cases even consuming asbestos fibers. Medical re-
scarch into all aspects of healith problems related
to the mining and use of asbestos is being per-
formed and should alleviate the problem by the
year 2000.

BACKGROUND

INDUSTRY PATTERN

The Province of Quebec, Canada, has the
largest asbesios mines and mills in the worid.
The USS.R. rivals Canada as an imporaant
producer. The Repuolic of South Alrica. South-
ern Rhodesia, Swaziland, Iialy, and the Unuee
States are subsuantial producers, and smaller sup-
plies originate in many countries. The variety
chrysotile constitutes about 95 percent of the
world supply, and unless otherwise designated
the data herein relate to chrysotils.

Total world production in 1968 was estimated
at 3.5 million tons of all grades and varicues. Of
this total, Canada produced about 46 percent;
the U.S.S.R., 25 percent (estimated) ; the Repub-
lic of South Africa, 7 percent; Southern Rho
desiz, 5 percent: the United Siates, 3 pereent;

and Iwly. 3 percent. Most published data on
world production of asbesios credit the USS.R.
as the largest producer, but Bureav of Mins
satistis (/7)¢ indicate that much of the
axcribed quantity included low-Fnde matenal
used for applications such as mailway tack bal-
last. This material should not be considercd
to be asbesios output and accordingly 3 much
lower quantity has been accepted a3 the most
reliable estimate.

Prior 10 1962 the only large production of as
bestos in the United States was {rom 2 deposit in
Eden and Lowell Townships, Vi, in wbat is re
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832 MINERAL FACTS AND PROBLEMS

Corp.. The Ruberoid Division (formerly Ruber-

im— - ——garded as-a—southera extension of the Quebec

acposits. In 1963, depesits in the Copperopoiis,
Coalinga, and Niapa areas in Calilornia began
production. Several operators have small chryse-
tile mines in an arca about GO miles long and 25

miles wide in the Salt River and Cherry Creek’

basins of Cila County, north of GClobe, Ariz
Chrysotile deposits are known in Montana, Wy
oming, and other Sttes, but production has
been negligible. In addition, amphilole asbestos
is produced in North Carolina (#=6). .

he largest known asbastos deposits in the
free world are in an area 75 miles long by 5 or 6
miles wide between Danville and the Chaudiére
River Valley, in the Province of Quebec. Can.
ada. Light companies are mining in this area.
Six of thesec are subsidiaries of companies that
operate Jlarge asbestos products plants in . the
United Siates. Asbestos also has beea mined con-
tinuously in northern British Columbia and
northern Ontario since the 1950's. In mid-1963 a
new mine began operating at Baie Verte in
Newfoundland, and in 1963 the Clinton Creek

mine was opened in Yukon Territory. Canadian .
Froducdcn in 1968 was valued at Can$210 mils
1

on, whereas U.S. produczion had a sales value
of about §10.4 million.

The Soviet deposius, situated in the Bajenova
discrict of the Urals, are extensive. The mines
and mills are large, and most of the fiber is used
within the USS.R.

Southern Rhodesia is an imporrant producer
of chrysouile asbestos, particularly in the Sha-
bani area. The fiber trom these deposius has such
a low iron content that it @an be made into the
excellent clecrical insulating material that is res
quired in the conswruction of elecTic. ables for
use on shipboard. Most of the other deposits of
the world, except the commparauvely small ones
in Arizona and the recently discovered large one
in British Columbia, have a substantially higher
iron content, making fiber frors thern unsuitable
for elecrical insulation. Swaziland and the Re-
public of South Africa also produce cnrysodle in
subsiantial guandties. The Republic of South
Africa produces two special rypes of asbestor—
amosite, found commercially nowhere clse. and
aocidolite (blue asbestos), produced alse in
Australia and Bolivia. Most of the Alrican pro-
duction is exported (/5).

Nine companies with nine operatons pro-
duccd asbestos in the United States in 1968,
There are four companies in California—Atlas
Mineral Corp.. Coalinga Asbestos Co., Inc. Pae
cific Asbestos Corp. (acquired by J. K. Porter Co.
Inc in 1965), ané Union Carbide Corp.. Nu-
clear Division. Three companics operate in Ari-
zona—Jaguays Mining Corp.. Meute Asbestos
Corp., and 1Ivestern Asbestos Manufacturing
Company. Powhatan Mining Co. operates in
North Carolina, and Geoeral Aniline & Film

—

.the theoretical {ormula

oid Co., Vermont Asbesias Mines Divivion), the™
Iargest producer, operaies the Lowell mine near
Hyde Park, Vi,

Toul cinployment in the domestic asbestos in-
dustry was 350 in 1968, consisting of 135 a1 the
mines and 290 act the mills. This number has
been constant since 1964,

Johns-Manville Corp. is the largest producer
of asbestos in Canada and is a fully integrated
company. It operates on 3 worldwide baus and
is the price lcader in the industry. 1t owns many
consuming planu in the United States.

Turner & Newall, Ltd., Manchester, England,
runs a {ully integrated operadon which operates
on a worldwide basis. The company owns mines
in Southern Rhodesia, the Republic of South
Africa, and Canada. ln Canada, it owns Bell As
bestos Mines Limited, at Thetlord, Quebec, has
a large minerity interest in Camiar Asbestos
Corp., Ltd., McDame lake, DBritish Columbia,
and acus as selling agent for Cassiar.

Cape Asbestos Co.. Lid., London, F.nglind. is -

a [ully integrated operation whose mines are lo-

cated in the Republic of South Alria. Manufae- -

ture of asbestos products is carried out in Europe
and North America.

TECHNOLOGY
Debnidon vi Teimis, Giada, sud Speciiicativus

Asbestos is 3 name applied to 2 group of natu-
rally fibrous minerals. The prinapal variety is
chrysotile, 2 hydrous magnesium slicate having
3)Mg0.25i0,.2H.,0.
Other commercial varieties are amosite, a com-
piex iron-magnesium silicate, (FeMg)SiO,.1-5
percent H.O; and.coddolile, 3 sodium-iron hy-

* drous silicate. NaFe (§10,;)..FeSi0,.H.0. Of

remolite,

minor " importance are
anthophyllite,

Ca.Mg,5i;0.: (OH),y: - and
(MgFe) :5i¢Ex (OH) 3 (2).

Chrysotile, the principal variety of commerce,
is graded according to Aber length. According to
the Canadian dassification, fbers three<ighths
of an inch long or longer are classed a3 Cudes
and compnrisc groups 1, 2, and 3. Group 8 is the
usual product obtained from the crude and is
used largely (or spinning Aber. The succeeding
groups have progressively shorter fibers. Group 4
15 designated as shingle stock; grour 5, paper
stock; group 6, waste stucco and plaster; and
groucr 7, refuse or shorus. Most of these groups
are divided into several subgroups. Such group-
ings comprise the commercial specifications. The
consumer designates the grade desired.

In Arizona fiber which remains on l4-inch
screen is classed as No. 1; that which passes Ve
inch mesh and remains on 1 -inch mesh, No. 2:
that which passes 14-inch mesh and remains on
Vy-inch mesh, No. '3; and that which panss 1,
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inch, No. 4. Nos. | and 2 are classed as spinning

- grade il the fibers arc not oo harsh. Sore spin-

ning fiber is obiainabdle from No. 3.

needs. For some uses the chemical composition
is important. Thus, [or electric insulation an
upper limit for the iron content may be spec-
fiec. The methods of classification used in the
principal producing countries are discussed in
detail in 2 Bureau ol Mines publication (J).

Current Technology

Most chrysotile asbestos depasits, including
those of Vermont and Calilornia, Canada,
Southern Rhodesia, Swaziland, the Republic of
South Alrica, and the USS.R., consist of irregu-
lar cross-iber veins (closely packed fiber set at a
right angle to the faces of the rock lractures)
or slip-Aiber zones (shear planes in rock filled
with fiber matted together parallel o the seam)

in massive serpentine. Such degosiu commonly .

extend to unknown depuhs. Those of Arizona,
however, consist of more or less horizontal asbes-
tor-bearing serpentine ones
limestone. Such deposits are generally less exten-
sive and less persistent than .those in massive ser-

entine.- The amosite and crocidolite of . the

epublic of South Alrica occur in banded iron.
stones that are 3o {olded and contorted that the
veins are very irregular.

In Vermont, the hber-bearing rock is rernoved
from an open pit Similar methods are employed
in the Copperopolis district in California, but
in the Coaiinga district the highly siwared vie is
simply “plowed” and atlowed to airdry, and the
coarse fraction is screened out from the millfeed.
The usual practice in Arizona is to drive 3 head-
ing in barren limestone beneath the fiber zone,
which is later blasied down and hand-cobbec.
The Canadian mines generally are open piu.
The clhirysotile of Southern Rhodesia, the Re-
public of South Africa, and Swaziland is ob-
tained from underground mines. Amosite is ob-
tzined chichiv from Jarge underground working,
and blue asbesios {rom small open pits and shal-
low mines. The Soviet deposits are worked both
in open pits ané underground. Cvprus has large
open-pit workings.

Asbestos milling is 3 complex operation in-
volving J:rimarily the separation of fiber from
rock and classification ol Aber by length into a
series of grades. The operator has little control
over the proportions of the various grades,
which are

tant task of minimizing Aber damage. He must
mill the rock with as little iber breakage as pos-
sible, because short Rbers are worth much Jess
than long oncs. Special types of rock disintegra-
tors have been developed, and reduction is ac-
complished in siages with fiber removal by air
sucuon at cach stage.

in thin-bedded- -

xed in nature, but he has the impor-

In Aritona the hand<obbed rock is reduced
in jaw crushers, and the Aber is separated by
screening. Special milling techmiques have been
developed [or the matied short.Aiber chrysotiic of

the Coalinga -diswrict ol “Ciliforniar inctaging———-— ~—

grinding and wer-mnilling processes. In Vermont
and Canada the mills are large and compiex.
The fiber is classihed in many grades, such as
spinning. cement stock, and paper stock.

A pressure-packing process is used in many
mills, where asbestos Aber is packed under pres.
sure in five.ply paper bagi. Each pressurepacked
bag contains 100 pounds and occupies about 2
cubic feet

Research .

Research on production hai been conducted
by companies operating mines in Canada Sub-
stantial rescarch has been conducied on uiiliza-
tion of the more plentilul shorter grades in ap-

lications where longer grades arc preferred. For
instance, it has been found that more complete
fiberization, permitting better conuact of cement
and - fiber, will allow groups 5 and 6 to be
blended in increasing proportions with group 4

_in making asbesias-cement producu. .

Two companies have developed processes for
reducing the iron content of Quebec asbestos to

. make it suitable for electrical uses. The johns

Manville Corp. manulactures Quinterra paper
from such fibers. Raybestos-Manhattan, Inc, has
developed a process for making a low-iron prod.

* uet known as Novabestos. Both Quinterra and

Norabeslvs paper way be inte lawingied wiiia «
fiberglass fabric or grid 1o give additional
strength. These products are now manufactured
coramercially and are used extensively in cable
conswruction anc for.other nonferrous applica-
uons.

The Cape Asbestos Company Lid, London,
has investigated tensile testing of crocidolite and
amosite, their chemical resistance. and their be-
havior in solutions ol various chemicals and sur-

-face active agenu. The only laboratory in the

world devoted entirely to [undamental rescarch
on asbestos fibers was recendy constructed by
Turner and Newall Lid., Manchester, Englanc.
New types of equipmaent were developed to sort
asbestos fibers according to diameter and leagth
un.

The Naval Resecarch Laboratory has devel-
oped a Fiberglas gas mask filier said 1o be supe-
nior to those made of Bolivian blue asbestos.
Bolivian crocidolite is, therefore, no longer re-
garded as swrategic.

Much rescarch has been done on the synthesis
of asbestos, but results thus far have no commer-
cial applicaton. The Burcau of Afines has syn-
thesized amphibole asbestos, but the fibers made
are wecak and brittic. Asbestiiorm compounds
not found in naiure that bave some of the prop-
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MINERAL FACTS AND PROSLENMS

erties ol asbesios have been formed. Chrysotile,
the 1ype of asbestos most in demand, has been
synthesized in fbers of only submicroscopic
.ength. The Bureau has periormed core drill
lests on various properties to determine the oc
currence of asbestos, and the US. Gealogical
Survey has studied the geology of asbestos de-
posits in various states (5=6).

APPARENT RESERVES

In Vermont, 2 reserve of at least | million
tons of chrysotile iber appears 1o be assured. A
small propertion ol this quantity is of spinning
grade. In California, measured and indicated

reserves totaling roore than | million tons are-

reported for the Cupft:opoli: area; these re-
serves consist chiefly of types and grades similar
to those in Quebec nada. Reserves of
several hundred million tons of rock that will
yield mazied short-Aber chrysoile asbestos are
reported for the Coalinga area in California
(/7). The Arizona reserve is difScult to estimate-
but is probably small.

The world appears to have an adequate asbes-

tos reserve to meet requirernents beyond the year

2000 2t current or considerably enlarged rates of
output The chief suppliers of U.S. market—

" Canada and the Republic of South Africa—ap-

pear 16 have adeguaie reserves for long-range
planning. It is difbcult to calculate South Atri-
can reserves because of the intensive folding en-
countered in nearly all the asbestor areas. The
duplication of the asbestos ban-s through fold-
ing has resulted in large reserves (J6). The
U.5.5.R. reserve is probably large enough to sup-
ply the Sovietoriented Eastern European coun-
tries for many years .

SUPPLY-DEMAND RELATIONSHIPS

Production, Consumption. and Trade

Most of the asbestos produciion is chrysotile
asbestos, but approximately 200,000 tons of the
world's production cach year consists of amosite
and croddolite.

The United States is the largest consumer of
asbestos in the world. From 1949 10 1958 the
United Sutes consumed on an average about 50
percent of the total world production. Domestic
consumption more than doubled from 1945 to
1951, but thereafter it remained fairly constant
while world production continued to incease.
In 1966 the United Sutes consumed about 23
percent of the total world production. ]

Domestic sources {urnished only a small per-
centage of U.S. asbestos requirements. Arizona,
the only present natural source of low-iron chrys-
otile in the United States. has rarely produced
more than 600 tons per year of the spinning
grades, and the output usually has been consid-
erably lowes. A large part of the production of

crudes No. 1. No. 2, and No. 3 was purchased by
the U.S. Covernment lor stockpiling from 1933
until the purchase program terminated al the
end of 1962,

Vermont and the Copperopolis disuict of Cal-
ifornia are the ouly consisient U.S. producers of
Quebec-type asbestos. Both are predominantly
producers of short fiber, but the Vernmont asber
tos mines produce about 500 to 700 tons per year
of spinning length fiber. Most of it is applied 10
nonspinning uses. .

On a tonnage basis Canada furnished 90 per.
cent of the US. imports in 196468, but onr;aa
small portion (3 percent) -was of the spinning
grade. The comparatively small quanuties re.
ceived [rom Afria are more imporuant than
would appear on a tonnage basis. because they
consist largely of special kinds and qualities un-
obuinable clsewhere. Under emergency condi-
tions imporu of spinning Abers are of primary
importance. Imports of spinning fibers [rom
Canada average about 17,000 tons per year. The
longer fibers of chrysotile suitable for spinni
purposes represent a small fraction of the 0
Eroduction. Shoriages of spinning-grade fbas

ave occurred.

The spinning grades of asbestos produced in
Southern Rhodesia were of at importanee
during Warld War 11 apd the excly poctwar
years, because they constituied the principal
source of low-iron chrysotile suitable for shi
board electric<able construction. Production be-
gan from a new source of supply of low.iroa
chrysotile in northern British Columbia in 1958,
and in 1968 more than 6,000 tons of these fbers
were imported from tha source. .

Production of amosite in the Republic of
South Afria has ingeased from an average of
20,000 tons year during the 1940's to 90,000
tons in 1968, US. imporu of amosite averaged
about 20,000 tons per year during 1964-68. Pan
of the impornted matenal has been placed in the
navional stockpile; hence industnal consump-
tion has been somewhat lower than the afore
mentioned ﬁgur:. .

Most crocdolite originates in the Republic of
South Alria, where production of croddolile
has ingeased from an annual average of 10,000
tons during the 1940's to almost 180.000 tons ia
1968. U.S. imports of arocidolite advanced from
12,000 tons in 1934 to 24,000 tons in 1966 and
dropped to 14:050 tons in 1968,

Conservation

The worldwide shortage of asbestos that ex-
isted during World War 11 and the early post.
war period led to wide research and experimen
tation on matcrials that might take its place. To
extend and conserve the supply of asbestos fibery
a glass-asbestos cloth was designed during World
War Il. 1t has continued in use as 3 covering on
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856 MINERAL FACTS AND PROBLEMS

vessels. It is woven with a plied yarn having one
strand cach of glass and asbestos yarn.

- Some grades of asbestos are more 1n demand
than others. Shortages may develop for the pre-
{erred grades, and stocks of the less marketable
fibers may accumulate. A grest deal of reszarch
has been devoted to substitution- of the more
abundant grades for those that are less plentiful
but more in demand. Canadian group & fibers
have been adapted for use in asbestoscement
products, but groups 4 and 5 are siill preferred.

BYPRODUCT-COPRODUCT
RELATIONSHIPS

There are no commercial byproducts in the
production and milling of asbestos. The fiber
comprises 5 to 10 percent of the rock mined, and
the waste rock consists of broken and pulverized
serpentine for which very little commerdcial use
bas.been found. One leading producer has de-
vised 2 practical method for recovering magnesia
from a waste rock. and 2 small quandty of by
product crushed stone has been marketed. In
addition, mill wastes containing apprecable
asbestos may be usablie in producing inexpensive
asbestos Booring composiuons. ’

. CONSUMPTION PATTERN
Uses

Asbestos is adaptable to more than 2,000 uses.
Because of it high strength-to-weight ratio and
resistance to seanng temperatures it is used in
rockets and missiles. Asbestos products plants are
located in 16 States, principally in the East and
South and on the west coast
- All uses of asbestos are as processed fiber. The
long-fibered groups 1 and 2 are marketed in very
small quanuues for spedal textile purposes;
g.'ouf 3 is used in the manulfacture of fireproof
textile producws, packings, woven brake linings,
clutch facings, elecmical insulation materials,
and high-presure and marine iniulation; the
mmajor use of group ¢ is in asbestos cement pipe
which is used mainly in gansporung water, such
as in municipal waterworks, urigation. and con-
servation projects; group 5 is used in asbestos ce-
ment theeu. Bat and corrugated sheeus, low-pres
sure asbestos cement pipes and molded producuy,
in some paper products such agipe tnsulation
and wrappingy, and in other producy, including
brake linings and gaskew; group 6 is primarily
used in asbestos cerment producu mix, gaskets
brake linings, vinyl sheet backings, and mill-
board: and gruur 7 is used in moided brake lin-
ings and clutch tacings. The most important ap-
phication of “shorts™ is as 2 filler in vinyl and as
phalt floor tile, while other imporunt uses are
1a asphalt compounds, joiot and insulationn ce

“Unermal insulation 3pplied (o~ piping on maval——menu, rool coilings plastics and caulking com:

pounds.

Amosite is used {or [elted insulation in bisn-
ket form for high-temperature serviee up to
900° F. A loosely compacted form is used as a
covering for marine iurbines and jet engines
and in similar applications. Amosite is also a
constituent ol ~85-percent-magnesia  insulation
and lightweight, fire-resistant marine partition
board

Long-fiber crocidolite  (blue asbestos) s
woven- into fabric used for locomotive boiler
lagging in Great Britin and for acid-resistant
packings and gaskeu. The principal use of the
short crocidolite fibers is in making asbestosce
ment pipe. -

Tremolite and anthophyllite are used for
chemical-resistant filters, as welding-rod coating,
and as fillers in various producis

About 69 percent of the asbestos consumed
goes into the manufacture of asbestos cement
products, about 10 percent in floor tile, 7 percent
in asbestos paper,
rials and gaskeus, 2 percent in asbesios textiles, 2

percent in paints and caulking, 1 percent in
plastics, and 6 percent in miscellancous other
commodities.

Alterpate Materials )

Fiberglas is used as a substitute for asbestos
in some applications, chiefly in the field of heat
insulation. Fabric woven with a plied yarn hav-
ing one strand each of glass ang asbestos yarn
are advanuageous for some uses where light
weight and high strength are needed. Glass fla-
ments are-technically satisfaciory substitutes for
amosite in blanket insulation, but the cost is
greater than that of amosite. Fiberglas-is not a
satisfactory substitute for asbestos in friction
materials, asbestos-cement producus, and some of
the highly specalized elecurical insulaton vsea

Silicone producu, organic compounds, and
plastics are used as substitutes in ceruin limited
appliations. The use of calcium silicate, diato-
mite. and mmagnesia in some instances reduces
asbesios requirements in end produca

Aluminum sheets are being used as a partial
substitute for asbestos where insulation against
radiant heat.is required.

New types of beat-resistant plastia are being
substituted f[or chnsotile in some formu of
electrical insulation. Substanual progress has
been made in substitudon of Novabesios and
Quinterra papen for electrical insulation. There
is, however, no. satisfactory complcte substitute
for strategic grades of chuysotile in some forms
of dielectric 1nsulation.

Fibrous glass and chrysotile asbestos are sub-
stitutes for amosite, but they are not as resistant
to steam, 3 water, and alkalies under all work-
ing condiuons. For 83-percent-magnesia and cal-

percent into friction mate’
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cium silicate insulation, textile grades of chryso-
tile may be substituted for amoste.

ECONOMIC FACTORS

Prices and Cosus

Asbestos has had an ermatic price history. but
since 1965 the price has been quite stable.
Prices for Vermont and Canadian asbestos in-
ceased about 5 percent in 1967, Quebec chryso-
tile fiber prices in 1968, Lo.b. mine, ranged (rom
Can$45 per ton for 7T, the shortest of the regu-
lar grades generally produced, to Can$700 for
the longest of the milied Aben..Crude No. |
from British Columbia (Cassiar) sold for
Can§126 to Can$!,522 per ton while other Crude
No. 1 {rom Canada was quoted at Can$§1,410 per
ton.

Vermont chrysotile is produced in grades simi-
lar 10 those in Canada and ranged in price in
1968 from $41.50 per ton for group 7 to 3342 for
group 3, fo.b. mine. Arizona fibers ranged. in
price from $65 per ton for group 7 to §1,650 per
ton for the highest grade No. ! Crude, f.o.b.
Globe, Arit.

Prices quoted for amosite, f.0.b. US. poru in
1968, ranged from $130 per ton to $220. Crocid-
olite- prices ranged from $180 per ton to 3470

*  The total value for the 120,630 tons of asbes-

tos produced in the United States during 1968
was $10,406,000 an average of 5$86.22 per ton,
£.5.b. Thine. The imporus of asbestos tor con-
sumption weie valued at $73 millioa, The wzluz
laced on U.S. demand for 1965 was §79 million.

he price plotied in figure 2 was based on the
average domestic sales value. Asuming that the
proportions of various grades produced remain
the same, the price in terms of 1968 constant
dollars is expecied to inacase 1o §100 per on by
the year 2000.

Taxes and Tarifls

There are no special taxes on the asbestos in-
dusury. Producers are granted a depletion allow-
ance of 28 percent on domestic production and
10 percent on foreign production. Domestic ar
bestos producers have no tariff protection.

Transportation _ _

The Quebec and Vermont deposits are within
casy rail haul to most of the planu manufaciur-
ing asbestos producus in the industrial areas of
the Eastern United States. The Alncan deposits
are remote from the principal markets and have
high transportation expenses. Transportation
from British Columbia is dificult and costly,
but a shorter route is in prospect. The Arisona
miners have dificult transportation problems;
the nearest railhead is at Globe, and the haulage
distance from the mines ranges {rom a {ew miles

g5
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’ , —1
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Ficuar 2.—Time-Average Pricz Relationship Tor Asbesion

10 104 miles, averaging 50 miles. Futhermore.
the major consumpuion centers are in the North-
castern United States, and are much -closer o
?uebec. Canada, than to Arizona. Consumption
of asbestos is growing along the west coast of the
United States, and comparable growth has taken
place in other areas where fiber from California.
would be competitive, in terms of {reight rates,
with that from Quebec. )

A 10-percent incgease in the ocean freight
rates for amosite and croddolite asbestos from
the Republic of South Africa t0 U.S. ports went
into eftect in 1968, The rate was raised [rom
$27.75 to $50.50 per long ton.

Government Programs .

During \World War II controls restricted ex-
g_oru of asbesios needed in the military program.

hese controls were removed by executive order
en Sepizraber 10, 1945, Dusing the Korsan war
the supply situation again became acute, and in
1950 and 1951 controls were invoked that re-
quired licenses for export of all grades of asbes.
tos. The license requirement was removed for
the nonspinning grades’ in 1953 and for the
spinning fibers in 1954 however, export licenses
still are required for shipments to Communist
nations.

The discovery and development of new asbes-
tos deposits have iong been considered desirable.
A program 10 assist in asbestos exploration was
initiated in 1930 with the responsibility vested
in the Delense Minerals ‘Exploration Adminis
tration. The program is now conducted by the
Ofiice of Minerals Exploration, and expiors-
ton contracts have been awarded. Three have
resulied in certified discoveries.

A Government depot in Globe, Arit., was
opened for the purchase of domestically pro-
duced asbestos meeting certain specifications.
Under Public Law 733 (1956), a Government
purchase program at premium prices lor domes
tic low-iron chrysotile asbestos was established
which was terminaied on December 31, 1938, In
1939 the stockpile objectives {or low-iron chryso-
tile were raised, and a barter program was estab-
lished to acquire the additional fiber needed

. FOS-00-2202203831
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through exchange of agricultural surpluses.
The U.S. Department of the interior recom-
mended purchas of 500 tons of low-iron chryso-
tile from demestic mines to assist the domestic
industry and to establish a domestic mobiliza.
tion base for production. Amosite and chrysotile
have been 3cquired [or the siockpile by purchase
and barter, and crocidolite has been acquired by
barter.

Strategic Considerations

Asbestos kinds and grades of greatest strategic
importance are being stockpiled. The natonal
stockpile items are spinning-grade chrysotile and
awnosite. Bolivian blue crodicolite is no longer
considered strategic. On December 31, 1968, the
maximum stockpile objective for chrysotile was
13,700 tons. -Government inventories totaled
15.344 tons, of which 6,080 tons was in the na-
tonal (strategic) stockpile, 4.383 tons was in
the supplemental stockpile, and 4,88] tons was
nonstockpile grade. The swockpile-objective for
amosite was 40,000 tons, and inventories wotaled
65,81] tons, of which 11,705 was in the naional
(strategic) stockpile and 53,606 in the supple-
mental stockpile. The stockpile also contained
48.072 tons of crocidolite that had no objective.

The United States is dependent upon foreign
sources for YU to ¢3 percent of its requirement
for all grades of asbestos. The principal source
of low-iron spinnin%}nde chrysotile asbestos is
British Columbia, Canada. A small amount of
low-iron long-fiber chrysotile is available from
Arizona. The only source of commerdgal grades
and quantities of amosite is a limited area in
Transvaal, Republic of South Afria. The
United States s also compleiely dependent on
foreign sources for crocdolite.

ENVIRONMENTAL CONSIDERATIONS

Many investigators [rom various countries
have established the fact that an occupational or
nonoccupational inhalation of dust of different
chemical and physical types of asbestos results in
the development ol asbestosis of the lungy
which, depending upon the type of exposure,
may be designated as an occupational, neighbor-

hood. or houseReld preurioconions. The har: "

ards are recognized and steps have been taken by
indusiry (o Alier the air and properly venuilate
mincs and processing plants.

One leading producer of asbestos instituted
grogrzms to prevent possible health and safery

azards and 10 improve the quality of air and
water used in manufacturing operations. Envi-
ronmental control activities included the devel
opment of a rotary Alier system that permiu the -
continual reuse of industrial process water. The
new system which uaes diztomite filter aid prod.
ucts reduces walerdemand and eliminates iigb-
solid<fRuent problems (9).

An epidemological survey is being carried on
throughout the Quebec asbesios industry by the
Quebec Asbestos Mining Association as a part of
a planned international efort. Fact-Ainding med-
ical research on the effect of asbestos on human
health was centered in the Thetford Mines and
Asbestos districts. Similar surveys are being con-
ducted in the United States, Finland, the
USS.R., Republic of South Africa, luly, and
other countries. Becaux of the universal use of
asbestos and asbestos producis, national and in- .
ternational authorities are pressing for areful
investigations 50 Lhat dangers can be identified
and controlled (/0). Dust control is very impor-
tant in the asbestos industry and much ha: heen
done to develop effective control methods and to
safeguard the worker: in mining and milling op-
erauons. Through ventilstion engincering steps
have been wken by the asbatos indusmy to
create better working conditions and as a safe
guard agains industrial diseases (J1).

No land use conflict problems seem likely to
inhibit the production of asbestos. Virtually all
of the deposits are in rugged country far re-
moved {rom major populated areas. The minin
operations are on privately owned or lcncg
lands. Waste rock is hauled to nearby dumps
and as the pile builds up. a bulidorer spreads it
out. Water sprays allav the dust as the tilingy
are discharged. The milling ol asbestos is gener-
ally a dry operation and all the screems are
hooded and operate under a slight negauve pros-
sure for dust control. The King City, Calil. oper-
ation of Union Carbide Corp. uses a wet milling
ore benecficiation method.

OUTLOOK

DEMAND

Domestic demand for asbestos is expected to
increase at a moderate rate and 10 occur within
the range {rom 1,262.000 10 1,865,000 10ns in the
year 2000. The low ol the range indicates an av.
erage annual growth rate of 1.4 percent while
the high indicates 2.6 percent. The midpoint or

medizn for the forecast range is 1,573,500 tons
(hg. 3). The forecast was derived by contin.
gency forecasting of the major end-use dermands
considering pousible shifu cused by changing
iechnology during the forecast period (wable 1).

Much higher than normal growth in demand
was expenienced by asbestos is the decade be-
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struction due in part to the great dependence
on imports to meet demand. Use of asbestos in
fioor tile has been increasing in recent years but
because ol the many competing materials it is
not expected to grow at an annual rawe of 4.5
percent. Asbesios pasxr products used in electri-
cal appliances as well as in construction are ex-
pscied to grow at an accelerating rate but the
quantity of asbestos [or such uses is relatively
small, .
A judgment analysis of the demand contin-
gency [actors led to a forecast range for 2000 of
¥83.000 tons or 14 of the forecast base for the
low and 1,475,000 or 14 of the base for the high.

Traasportation

Asbestos is an important part of many types of
friction materials used in automobiles, trucks,
and other transportation equipment. Modern in-
dustry could scarcely function without asbestios
fricion materials. ln addition o using asbestos
in brake linings, today’s motor cars equipped
with automatic transmissions get their drive
from metal transmission disks. which are cov-
ered with a super-tough paper conuining gocid-
olite asbestos. The average automobile with
power shift contains eight to 12 of these disks.
Althoush the gusarity of asbestos in each trans-
mision is sxall, the output of more than 6
million automatic transmissions annually re-
quires disk paper production in hundreds of
tons. )

A new composition brake shoe unit conrain-
ing asbestos, designed to meet the aniual brak-
ing requiremenu for the new 150-mile-per-hour
passenger train systems, has been developed

In 1968 aimost 1] million linear feet of woven
brake linings were manufactured conuining as
bestos yarn, tape, or cloth. Based on an est-
mated forecast of the number of motor vehicles

roduced in the vear 2000, approximately four
tines 1968 production, and on the assumption
that the use of asbesios per vehicle will decline
to 60 percent of the 1968 Jevels, the forecast base
for asbestos demand in user-operated .vehicles is
projected to 60,000 tons. Increasing the number
of transportation vehicies and equipment using
parts made of asbestos or maintaining the pres-

ent quantity used per vehicle could result an a .

demand as high as 100,000 tons. It is quite possi-
ble that the forenn production of vehides will
not be attained in 2000. However, the lowest
uantity of demand is not expected to be lews
than one-half of the foreast high, or 50,000
tons.

Textiles

Demand for asbestos in textiles was projected
to 56,000 tons in the year 2000 based on the fore-

(GNP).

Asbestos textiles are used in the manufacture
ol yarn and cloth which is used in salety cloth-
ing. packingy. brake linings, filiers, etc Carded
fibers are 100 percent asbestos and are used for
the clarification of such liquids as beer, wine, oils.
and chemicals. Asbestos lap is a felted [orm of
carded asbestos fiber made for the electric wire
and cable industry, as insulaiion for heater
cords, Axture wires, and other.eleaarical conduc.
tors. Asbestos rovings are usediby the elecuric

-wire industry as insulation Joi heater cords, ca-
bles. and clectrical heating Eehenu. The pro-

jected growth of asbestos démand in clectrical
appliances, coupled with design irmprovements
that increase asbestos use, could result in in-
creased asbestos demand. On the other hand,
other insuladon materials could replace asbestos
for some purposes. Because of its inherent in-
combustibility and thermal stability, . asbestos
cloth is extensively used wherever these proper-

ties are essential in a fabric Many Covernment. .

specifications.  particularly those of the US.-

Navy, require pipe insulation to be protected by .

an outside jacket of asbestos cloth. All maritime
specifications and many industrial and udli
powerplants also require asbesios cloth to bol
the insulation in place and to serve as a2 perma-
nent protection and fireproof jacket over pipe
and boiler insulation. Specially processed lint-free
asbestos cloths also serve as protective shields in
“clean” areas adjacent to nuclear reactonn (J).

Competition from substitute material is not
likely to be important, and no competitive fac-
tor is considered. Therefore, the {orecast base of
56,000 tons is taken as the low forecast. Produc-
tion of asbestos textile yarn, cord, and thread in
1963 was 19.7 million pounds, compared wils
8.2 million pounds in 1958, and output of asbes
tos cloth in 1983 was 9.4 million pounds, com-
pared with 7.3 million pounds in 1958. Dau for
196+=68 are not available. Assuming that there
will be increased use of asbestos for such iteou
as clectrical appliances and ARrefighting equip-
ment the high projected demand could be per-
haps 60,000 tons in the year 2000.

Plasiic

The forecast base for 2000 was determined by
use of the {orecast growth rate for GNP.

Plastic materials can be reinforced with such
difierent fibers as asbestosn glass fiber, and cot-
ton. Short asbestos fibers are used in the manu.
facture of such items as handles on cooking uten-
sils, and long asbestos is used in the manufacture
of reinforced plastic rocket nose cones. Asbeston
phenolic materials are used in aerospace applia-
tions. In many applications glass is 2 competi-
tive reinforang material for plastia. Although
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—_ glass Rbers have many superior property and The United States has been dependent on for-
processing characteristics. asbestos can often pro- eign supplies of asbestos for certain essendial and
________ 1 . vide_a_better combination of heat and corrosion strategic grades in the necessary quanutes for

resistance 3nd high strength and stiffness™ at
Jower cost. Asbestos and glass Aibers are not al-
ways competitive materials, and as numerous ap-
plications demonstrate, they can complement
each other. For cxamgle. some cpoxy pipe
wound with high-strength glass fiber contains an
asbestos-phenolic liner 1o provide broad chemi-
cal resistance. Asbestos alio can be used in com-
bination with other reinforcing materials, such
as sisal, to produce economic moldings with im-
proved impact strength and reduced water ab-
sorption. Auto heater duciing, fan shrouds, and
instrument panel components are typical of the
many producus produced from phenolic rein-
forced with asbestos and sisal fibers (6).

Use of asbestos as a reinforcing material is bes
coming more signifiant However, the base
projection of 28,000 tons is not expectied to in-
crease importantly unless more use of asbestos i3
made in the bodies of automobiles as a reinfore-
ing agent in the joining of various parts and in
phenolic materials for aerospace applicatons. A
modest increase of 2,000 tons per year was added
to the forecast base for this-contingency. No fac.
tors are {oreseen which appear likely to reduce

" the dermmand in the year 2000 below the forecast

base.

Other Uses o

On the basis of past perivnmance it is likely
that new uses for asbestos will be forthcoming,
and the forecast base of 165,000 tons in the year

2000 was obuined by direct correlation with the .

projected growth for GNP. With low-ost short
fiber availabie from domestic sources in large
quantities there should be a significaant impact
on the mineral filler market for a wide range of
end products, particularly in producu that must
withstand high temperatures or corrosive condi-
tions. The high side of the forecast range was
obuained by adding an increment of 35.000 tons
to the forecast base to provide for possible signil-
icant increases in filler demand. No develop-
menw are anticipated that would cause demand
10 decrease below the forecast base.

SUPPLY._AND FUTURE SUPPLY-DEMAND
) RELATIONSHIPS

Domestic resources of chrysotile are found
mostdy in California, Vermont, and Arizona. Al-
though deposits also exist in Montana, Ore-
gon, \Wyoming, and a few other States, produc-
tion {rom these has been negligible. Carilornia
has the greatest potential of becoming a subsian-
tial producer of short-Aber asbesios. In addition,

anthophiyllite asbestos is produced in North Car-
olina

~“times of “emergency—Canadauppher-most—ob— -

US. requirements for chrysotile, while amosite
and crocidolite originate in the Republic. of
South Alrica. World expansion and inceasing
demands indicate a posnible inadequacy of for.
cign supplies, thus encouraging the development
and production of domesuc resources. Such de-
velopment ol domestic asbestos deposits coupled
with advancing technology in the use of substi- .
tutes, in the manufacture of synthetic asbestos,
and in the removal of iron_drom chrysotile,
could reduce our reliance-eqJoreign supplies.

US. and Canadian gp resources are
more than armple to meet-thehigh of the forecast
domestic demand for 2000, without afiecting
Canadian capability lor supplying 2 major part
of the demand in the rest or;he world. The rela-
tively small requirements for amositc asbestos
will continue to come from the Republic of
South Alrica unless depesits of this variety of as
bestos are discovered in other countries, or ade-

uate substitutes become available at competi-
tive prices, thereby providing acceptable options .
to the consumers. Crocidolite asbestos will also
be obuined from the Republic of South Africa,
and perhaps from Australia so long as it remains-
competitive with chrysotile, but substitution is
practicable in essentially all end uses and con-
tinuation of crocidolite supply is not considered
cl szaisgic imporaance.

Estimated demand for asbestos in the United
Sates for domestic consumption in 1968 was
817,000 tons, of which about 15 percent ame
from domestic sources; most of the balance was
obuined from Canada and the Republic of
South Africa (fig. 1). Annual requiremenus for
asbestos in the year 2000 are not expected to ex-
ceed 1.9 million tons (Bg. 4). I{ the 1968 ratio
of domestic production to demand prevails in

400
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the year 2000, the domestic production compo-
nent required to meet the maximum expecied
demand would be 275.300 tons. This production
could be accomplished {rom known resources
only by much more extensive use of the low-cost,
very-shori-fber Coalinga, Calif. material than
prevails at present (fg. 4). Historical and pro-
ected domestic produciion and demand for as-
Lenos are shown in figure 3. The wend projec-
tions for demand are low compared with uie
forecast range, mainly due to We time periods
chosen for the trend projections. Based on the
entire postwar period, the demand growth for
asbestos has averaged ahout 3.5 percent per year
which is greater than’ the rate required to
achieve the high point of the demand forecast in
the year 2000. ) )

The followirig tabulation summarizes the
comparative quantities and assigned values for
domestic demand and production for 1968 and
2000. Production figures for 2000 are the con-
stant ratio quantities of figure 3. The values for
both demand and production are in terms of
constant 1968 dollars based on the estirmated av-
erage domestic sales value of $100 per ton.

Quantity Vilwe - .
(thoumad sous) (milss dallars)
————
1963
198s
Higd Low Higd  Low
Demas¢  .... 817 1483 P~ e 187 =
Preducims .. 1) 275 1 0.4 28 19

POSSIBLE ADVANCES IN TECHNOLOGY

Although asbestos synthesis was accomplished
in the late 1920's, and much work has been done
since that time, commercal synthesis bas not yet
been announced. However, with the accelerating
rate of technological progress. competitive ,L
thetc asbestos or asbestijorm producy may be.
come available in significant quantities before
the end of the eentury. The mineral raw ma-

terials needed for production ol synthetic
asbestos are abundant. i

Among the ({actors that should tend 1o in.
crease asbestos cdemand within the next decade is
the potential for larger scale production of rela.
tively low-priced asbestos {rom domestic dcpos-
its, which should spur research into new uses
and into new wavs 10 substitute very short fiber
asbestos for the longer, more expensive types.
The domestic product is being used in asbestos
cement pipe and should be adapuable to other

-products.

Work is underway which jsaimed at develop-
ing largescale asbestos user “Foremost among
these is the potential for use in asphalt pavinF

" materials which must bear up under various di

ficult conditions. Examples are airport runways
and hangar areas which are subjected to high.
temperature corrosive effects of jet exhausts:
street curbing, which must be able w0 absord
shock and forces from the wheels of rotor -vehi-
cles; and resurfacing of old roads. The latter use

requires about 35 wons of asbestos per mile of .

40-foot pavement and probably has the largest

potential for large volume asbestos xﬁuim-
bui

ments. Technological changes in roadbuiiding
methods couid result in capping of new high-
ways with asbestos-rich asphalt

Medical problems connected with prhevies
have been under intense study in recent years
and undoubtedly will continue to warrant in-
creasing attention in the future. In addition to
study and medicz] ceaunent of the effects of as
bestos on the respiratory systera, work should be
aimed at improved methods protecting workers
in mines. mills, and fabricatng planu. . Among
the possibilities for solving the problems, in ad.
dition to medical study and Teaunent, are much
greater use of automauon where {easible, remote
control of fabrication processes, improved pro-
tecuve equipment and respiratory devices, and
development and strict enforcement of safety
procedures.

T ’ PROBLEMS

One of the most serious problems confronting
the domestic consuming industry is our depend-
ence for the greater pan of our supply of asbes
tos on foreign sources. About 85 percent of the
supply of chrysotile and all of the amosite and
coadolite comes {rom foreign countries. Com-
plete dependence upon foreign supply {or strate
gic grades is minimized by adequate stockpiles
but imposes Jong-term concern. ’

. Adequate information on the methods of min-
ing and processing of asbestos and development
ol equipment is available, but cost data are lack-
ing. Information is available on the principal
end products in which asbestos is uilzed, but

there i1 no information on the wasuge that
takes place in manulacturing the end items

To {ully appraise the current future supply
situation of asbestos, information is needed on
stocks and consumption. Presently, daa on con-
sumption and stocks are available on stockpile
grades only. Information on the quantities of as
bestos going into the various individual end
uses i3 not sausfactory and the estimates are
made on the basis of insuficient data. This illus
trates the need: {or an ocaasional aanvas of the
principal industries in order to establish the
quantitative end use consumplion patora.
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——— Health haiards are present in the whole se-

863

bestos, and the expanding use of this material
demands conunued attenuon to this problem.

quence ol miming-proeessing.—and_utilizing s dema
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