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SUMMARY

Us S. consumption of asbestos Tiber, Group 7 (short) is estimated
at 143,800 tons for 1972, We snticipate a €Tovth rate of abov+ 4 1/2 .
5% per year to 1980, vhen domestic demand should exceed 202,500 tons.
Some of this growth wil) depend on new uges » such a8 reinforced plastics

and mechanical rubber goods,

It appears that Chrysotile asbestos ig expected to remain {n short

supply.* our sources indicate that many suppliers are pPlanning to incremse

their prices by about 104 o 1974,

We have not considered the negative effects of possible federal re-

Sulations and consumer attitudes toward asbestos gince there ig independent

monitoring of that aspect by UCC and the industry. An exception is in the

8reas of paints, where restraints by that industry are already in force.

-

CONCLUSIONS

1. Floor tile » curreatly the leading cons wing product, will remain
dominant to 1980,

2. Drilling muas &pplication will grow at a heslthy rate - mostly

after 1975. This sppears to be the best opportunity for UCC.

3. Wall board tape joint muds shoyld continue to grow, Ppacing the

increase in housing starts and, to some extent, commercial and
industrisl building, It will Probably be necessary to introduce

Precautionary work practices s especially in the sanding operation,

* The "Wkite House” phaned the Bureau of Mines (in my Presence) to inquire
i the v. S. could become self-sufficient 1in asbestos. The ansver was
"probably not." We understand from U. S. Govermment gourceg that Russin,
a major supplier of agbestos, bas not been honoring its customer commitments.
Therefore, the coming shortage may be vorld-wide. .
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4. Paper Use of Agsbestos appears tO require a concentrated effort

in the areas of both market research and development.

S. Besgt opportunity for nev markets are: reinforced plastics,

and elastomers for the shoe industry.

6. Best (and obvious) opportunity for growth is to inherit the

market segment now held by Johns Manville.

T. Best opportunity for grovth in established markets is oil
' drilling ouds.

RECOMMENDATION

1. From a market research viewpoint, plant expansion is Justifieqd,

the extent of which to be determined by technology, engineering,

toxicological angd zarketing considerations.

2. A market study of the posgible use of Calidria asbestos in vimyl

roll goods, and extended use in paper, should be undertaken.

TEE PRODUCT
Asbestos 1s actually a group name that refers to fibercus minerals
having different chemical compositions » but similar characteristics, The
mest widely used type is chrysotile, These fibers are graded sccording to
length with longer fibers priced at 10 - 20 times higher than the shortest

grades. UCC's interest focuses on group T - one of the shorter fibers.



Asbestos - group 7, included in the U.S. Bureau of Mines Designa-

tion BMIII, 1s usially combiued with other materials and losea.identity

in the fins) product. For the purpose of thig s%udy we are omitting statis-

tics on ubestcs/cement, packing angd gasksts, textiles and other uses for

long fiber vwhere UCC Qoes net eompete.*

THE MARKETS - General
—%

Domestic production of asbesgtos during 1973 was approximately 151,000

short toms with an average value of $109 per ton. This total valye (#16,

390,000} vas 224 over 1972. cCalifornia wag the principal producing state

(724); Vermoat ranked gsecond. (For Producers, plants and mine locations,

See Tables 1, 2, & 3).

Appareat U,S. consumption, according to the y, s, Bureau of Mines, of

all chrysotile ashegtos vas 871,000 tons, up & from 1972, Cansda continues
to be the major supplier,

t

As wve continue to make inroads into the market segments served by
Canadian ssbestos » the t_o_til_ market shrinks,since that portion of Product
shipped vhich ig rock, 1s eliminated op greatly reduced, uCC!
approximately 964 (average) purity,

§ product is

‘.

*Some group 7 applications have also been excluded on the basis of

inability to compete. UcC's experience in selling the various markets
is summarized.in Exhibit I.
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Continued after Tables-on Page 11
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CAPTIVE FIBER SOURCES FOR THE

MAJCR ASBESTOS PRODUCTS MANUFACTURING FIRMS

U., S. & CANADA

Company Captive Mine(s) Fiber-Producing Capacity
(short tonms/year)
The FPlintkote Co. Flintkote Mines, Ltd. 33,000
Quebec (wholly owned
subsidiary)
GAF Corp. Lovell Mine 40,000
Orleans, Vermont
ASARCO (through CAPO, Lake Asbestos of 130-150, 000
40% owned by ASARCO) Quebec Ltd.
Johns-Mangville (1) Canadian Johns-Manville 835,000
Products Corp. Co., Ltd. Coalinga As-
bestos Corp., Calir. 15,000
(80% interest)
National Gypsum Co. Natiopal Asbestos Mines, 60,000
Lta.
Jim Walter Corp. Carey-Canadian Mines, Ltd. 250,000
H. XK. Porter Co., Ine. Pacific Asbestos Corp. ko-50,000
Raybestosfuanhattan, Caasiar Asbestos Corp. 110,000
Inc. (Partial Interest) :
General Dynamics Corp. Asbestos Corp., Ltd. 350-500,000
(54% interest)
Union Carbide Corp. Union Carbide Mines 35,000
San Benito, Calif.
Atlas Asbestos Corp. Santa Cruz, California 10-20,000
Bell Asbestos Minas, Quebec, Canada 60,000
Ltd.
Advocate Mines, Ltd. Baie Verte, Newfoundland 70,000
Jaquays Mining Co. Gila, Arizoua 3,000

(1) J. M. may cease cperations in California in 197k,

"':‘\f‘n
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THE MAJOR ASBESTOS MANUFACTURING FIRMS AND PLANTS 1IN

-6

TABLE 2

THE UNITED STATES

Eatimated Principal Asbestos- Plants-Eatablishmenta % of Line
Total Number or Annual Sales paged Products Manuracturing Asbegtos Relatead to
Compeny Eumployees ($000,000) Manufactured Products Asbestos
American Bfltrite About 4,500; 208 161.0 Floor tiles 14 plants involvea to 5
Rubber Corp. involved in ag- Some degree in asbes-
bestos products tos manufacturing
Armatrong Cork 21,000; about 80% 550-~600 Gaskets & ingula- Fulton, N. Y, 50
Co. involved in asbes- ting materials; Jackson, Miss,
tos producte vinyl asbeatos Kankakee, 111,
tiles Lancaster, pa,
- South Gate, Cal,
Certain-Teed 1,600 332.0 Roofing products Santa Clars, Cal. 75
Products Corp. Riverside, Cal.
Ambler, Pa,
Hillaboro, Texas
8t. Louis, Mo.
The Flintkote Co. 11,300 k1.0 Asbestos-~cement " Los Angeles, Cal. 20 -~
Pipe; vinyl as- Chicago Heights, 111,
bestos tiles; New Orleans, Lg,
roofing products Ravenna, ohio
Chillicothe, Ohio
3AF Corporation 20,000 768.0 Asbestos-cement Mobile, Ala. 5

C.
&b}
o
ro

It's subsidiary,
Ruberoid, is pro-
Lably the sole
producer of asbes-
tos products

products; vinyl
asbestos tiles;
roofing Products;
asbestos paper

Long Beach, Cal.
Joliet, I11.

Millis, Maas.

St. Louis, Mo.

S0. Bound Brook, N.J,
V&ilis Gate, N. Y.
Erie, Pa. (two Plants)
Whitehall, Pa,
Houston, Texas
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TABL

Estimated
Total Number of Anmaal Sales
Zompany Employees ($000,000)
Tim Walter Corp. 1,000 in asbesntos 882.0
products manufac-~
ture - (also own
Celotex)
Johna-Manville 25,000 796.0
?roducts Corp.
J: >
C.
e
Qo
N
ficolet Indus- 350 15.0
iriea, Inc.
iational Oypeum 14,500 519.0
20,
laybestos Man- 6,500 165

iattan
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E 2 (cont'd)
Principal Asbestos- Plante-Establishments 4 of Line
Based Products Manufacturing Asbestos Related to
Manufactured Products Asbestos
Roofing materials Perth Amboy, N. J. 12
Linden, N. J.
Memphis, Tenn,
Lockland, Obio
Miamisburg, Ohio
Wilmington, Del.
Houston, Texas
Tampa, Fla.
Cincinnati, Ohio
Asbestos-cement Naghua, N. H. 30
products; asbestos Manville, N. J.
roofing; asbestos Pittaburg, Cal.
insulating materials; Stockton, Cal.
millboard Waukegan, Ill.
Maxrrero, La.
Long Beach, Cal. .
Los Angeles, Cal.
Green Cove Springs, Fla.
Savannah, Ga. -
Billerica, Mass.
Tilton, N. H.
Denison, Texas
Forth Worth, Texas
Asbeatos paper; Ambler, Pa. 100
asbestos millboard Norristown, Pa.
Hamilton, Ohio
Asbestos-cement pro- New Orleans, La, -
ducts; asbestos Millington, N. J.
roofing; insulating Mobile, Ala.
board

Brake 1inings & blocks Bridgeport, Ct. (Home Office) -
& asbestos products
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FRODUCT YEAR NUMBER OF COMPANIES
Asbestos Products 1947 85

1954 TN

1958 69

1963 73

1967 81

1973 8o

Sources: 19471967 1967 U. S. Census of Manufacturerg
1967-1973 Industry Estimates

1 ‘:-:F"i"\\
:-...J\Juc\)_
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TABLE 4 ¢
DOMESTIC MARKET FOR CERYSOTILE ASRESTOS
(Primar{ily Group 7)

USE 1973 Annual 4 Growth 1980
(1) Floor Tile 105,000 3 129,000
(2) o2 Drilling Muds 10,000 % 16,000
(3) Elastomers (Shoe) Neg. cencs (5,000)
Mechanical Rubbers Neg. 6,000
Adhesives & Sealants 5,000 5-64 7,300
(4) Reinforceg Plaatics
(Phenolics) Neg. (Poten. Looo) . 15,000
Paints (Incl. mige.
coatings) 600 - 600
Filled Plasticg (Phenolics) 11,000 3 14,000
V/B Tape Joint mugs 9,000 K 11,000
(5) Cefling T41e 1,200 Neg. 1,%00
Paper 2,000 Neg. 2,200
(6) Total 143,800 short 5% 202,500 short tons
tons
(1)

(2)

(3)
(&)

(5}
(6)

Excluding "long 7's" used in roll vinyls. This area should be explored.

Based on world-wide sale of U. S. production. Expect less than average
grovth until 1976 and over average to 1580.

Based totally on acceptance in ahoe industry - not inel. in 1980 total.

Based solely on acceptance in thermoplastics, thermosets are future
Possibility vhieh coulad greatly i{ncreage markets.

Totally dependent on 1 customer vhere Prospects are uncuwrtain,

Not allowving for Posgible restrictive actions by OSBA or EPA.

4-
C.

(G
G
N
L
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THE MARKETS (Cont‘'d) .

The market break-down and estimated future consumption shown in
Teble 4 does rot consider the probability that OSHA and/or EPA * .11 force
regulations on the asbestos mining and consuming industries which may

hinder growth or actually eliminate some existing markets - e.g. paint.

FLOOR TILE

1973 production of vinyl-asbestos floor tile required about 105,000
tons of asbestos. The remaining portion of a typical vinyl-asbestos floor
tile consists of vinyl resin, Plasticizer, lubricants, stabilizer, limestoné
and Ti05. Limestone contributes over $5% to the average formlation. Natur-
ally, variations exist depending on manufacturer.

The industry suggested growth rate for vinyl ssbestos floor tile is
5% per year to 1980,but resin suppliers place increasing resin demand at
about 2% with less growth anticipated during 1974. This 1974 elackening of
demand is attributed mostly to the shortage,of raw materisls. Some of the
differences between estimates may be attributed to the desire of tile manu-
facturers to decrease scarce s expensive resin and increase filler vhenever
possible.

We believe an average annual growth of 3% can be envisioned based on

the following assumptions:

1. Resurgence of resideatial soft (carpet) floor covering may hinder

vinyl/asbestos tile growth.

IR
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2. Decline in housing starts.

3. Acceptance ér soft floor coverings in business and commercial
estshlighmeats, ;

L. Trend to smaller hozmes and apartments.

5. Gradual replacement of asphalt tile by vinyl asbestos.

TABLE 5 _
ESTIMATED 1973 ASBESTOS CONSUMPTION IN FLOOR TILE

COMPANY CONSUMPTION (short tons)
GAF Corp. 20,000
Uvalde Rock Asphalt Co. 5,000
Kentile, Inec. 12,000
Armstrong Cork Co. 20,000
American Biltrite Rubber Corp. 10,000
Flintcote Co. 20,000
Others 18,000

——

U. §. Total 105,000

Source: UCC - Mining & Metals Division

(&%

Co

o

o,
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TABLE &

"CALIDRIA" ASEESTCS SALES FCR FLOOR TTLE

e U m W Deeae ety
1964 141 8
1965 g2 sk
1966 (1)752% 376
1967 7082 355
1968 5630 280
11969 1878 . 97 0 0 3190 160 1380 69 6LL8 326
1970 1721 88 260 12 328 168 ko 57 6349 325
1971 239 109 3450 157 2600 122 1680 8. 9509 L72
1972 1760 88 2618 126 3845 180 273’ 136 10955 530
1973 107 62 4635 225 26k 127 5227 230 (2)13678 6uk
1974 est. T20 44 3000 159 1590 &2 4800 238 (2)10680 593

(1) ucc announced decision to "go0 out" of floor tile market and sell

ell plant production to HP markets, Thig did not materislize,

(2) Sales limited by production capacity.
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COMPETITION: “

A puzber of companies are engaged in the mining and marketing of
asbestos to the flcor tile manufacturer. These companies, located i
both the United States and Canads are listed in Table 1 « 2, Competition
from chemically different substances is emerging, and the tempo increasing

a8 directives from OSHA and EPA precipitate uncertaiaty,
Among these are:
—_—oTEC 8re

+ An inorganic fiber, available in development quantities in the
form of alumina op zerconia fiber - from ICI.

s UCC Growp I, Chemicals,is varking under a 8ecrecy agreement with
GAF and Flintcote to develop an asbestos substitute specifically
for floor tile, This development materia) is reported to be =&
"unique resin with a rolycaprolactone (family) compound.® It is

¢laimed to handle in the forming equipzment equally as well as

asbestos.

Additional information can be obtained oz a secrecy dbasis, if necessary.
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Rew Developments in Floor Tile Marketing "

Developments iz the industry include an anncuncement by Congoleum's
resilient flooring group of a stepped-up program for the compar,'s vinyl
esbestos floor tile. They bave ingtituted a number of field and management
changes to support this policy. It would appear that at Congoleum, there
is little fear of product use legislation st the "ultimate consumer" level.

Another nev activity involves GAF, which has announced iatroduction
of a vinyl/asbestos "do it yourself" wall tile. Beavy Fall T.V. coverage

is planned. (See Figure I - Floor tile plant locaticn.)

TABLE 7

WORLD-WIDE ASBESTOS IN FLOCR TDLE™

Tons Source
Argentins 5,000 Canada
Eurcpe (W. Germany) 20,000 Canada
S. Africa 2,500 S. Africa
Viet Nam 11,000 Unknown
Brazil ‘ 3,000 Canada - JM
Taiwan 4,000 Taiwan
Columbia 1,300 Atlas (AZ-20)
Chile 1,700 JM Coalings

“18,500 Tons

Toan

t - Y
I SR AR AR I ]

* Known Markets
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OIL WELL DRILLING MUDS '

Asbestos ig used as g viscosity control sgent in drilling muds -
wostly for a,ueous systems but also for hon-aqueous (oil) systems ¥

U. S. asbestos demand vas about 7000 short tons in 1973 and ¥, §.
export amounted to an additional 3,000 snort tons. Although we forecast
growth at 7% per year to 1980, we believe the greater partion of growth
will be realized after 1975,

Short term growth is bhindered by lack of equipment such as rig
availability in the U. S, which, during the early 1960's, stood at 2,000
units and today, at approximately 1,370%* 1t mey take 2-4 years to build
Tig capacity to meet demands and by 1980,there could be 2,200 i-igs avail-
able. There ig algo a shortage of pipe and other parts, and a shortage
of skilled personnel which could require 2.3 year to completely overcome.
Bowever, as prices for oil products increase, the attraction of investors
(money suppliers) may solve the equipment problem in a shorter period of

time. Government intervention and prio;'ities may also help.

(See section on New Developments - p, éS)

\

* 01l systems are used where it has been Pre-determined that the
subterreanesn rock Tormations would be degraded by water,

** Rigs in operation in Canada = 258 as of 3/74. See Appendix I for

edditional data on rigs and wells - world-wigde.
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TABLE 8 ‘

URION CARBIDE ASBESTOS (Short Tons )

SALES TO MONTELLO FOR JRILLING MUD APPLICATIONS

Product

Designations 1970 1972 1972 1973  197% (Budget)

csv 617 167 1175 1319 1kko
NGSV 0 0 o k&g 360
IMC/Visquic 120 0 0 999 1iko
Visbestos 1242 750 642 2kg 360
Total 2039 2422 1817 3036 3600*

* Sales limited by Plent capacity

Problems:

Problems currently facing asbestos drilling muds are:

Possible restraints by Federal goverpment agencies

Shortages of asbestos may entice custvomers and prospects to
formilate around the product. Competition om the horizon in-
cludes biodegradable s loog chain polymer systems. However,
these are high priced and, along with other chemicals , may

continue in short supply.
Competition from Johns Menville's “Flosal™ asbestos. This may
soon end which will strengthen our position in the market Place

especially with Phillips Petrol\enm.

J.

C:

o

o
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te

o Order of priocrities - some of the monies made availsble
through increagsed prices may be ear-marked for refinery
capacity rather than for drilling. There is now reported
to be a short fall of over 2 million barrels per day of
refining capacity.

« Continuing competition from Bentonite.

(See Appendix I for the number and location of drilling
operations - world-wvide)

WALL BoARD "JOINT" TAPE MUDS

U. S. production of gypsum wall board during 1973 was approximately
1k billion square feet. Assuming a requirement of S gallons of (3% con-
tained asbestos) mud per 900 agq. £t of wall, wve estimate a current demand
of 9000 tons of asbestos for this purpose.

Growth of gypsum wall board depends largely on housing starts as well
as, other business and commerciil construction. We accept a 3% average
annual growth rate td 1980. Projected, this would mean a market for as-
bestos of about 11,000 tons in 1980.

According to the Gypsum Wallboard Association and our own internal
information, there is an alleged hazard in the use of asbestos in this
application due to sanding of the gemi-finished job. This "dustling" is
considered unacceptable by the trade in view of (SHA attitudes, Warning

labels may be required.

i

1-
C:
Co
o
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MINOR ASBESTOS APPLICATIONS ¢

PAINTS

The industry estimates approximately 300 tons of asbestos wepe
consumed in textured paint during 1973 and an additional 300 toms in
allied applications. Although the market for textured paint 1s {in-

creasing, manufacturers, fearing restrictions by OSHA, are subgtituting

asbestos with talc and inert Piguwents.

According to one source, some development work is still being done.
We therefore, hesitate to eliminate asbestos paint from ocur future market

picture and elect to carry the volume over on a "no growth" basis.

ADHESIVES AND SEALANTS

According to information received from the Adbesives and Sealants
Council and others knowledgeable in the field, there is a current demand
for asbestos of about 5,000 tons per year. This requirement is based on
the uge of asbestos in mastic adhesives, vinyl and rubber based sealants ’

caulks & putty. Growth is expected to epproximate 5-6%/year to 1980.

CEILING TILE

Conwed Corporation, Cloquet, Minn. L{s the onoly U. S. ceiling tile
wanufacturer known to be using asbestos. 1973 consumption was 1200 tons ~
all UCC's "Calidria”. Demand for 1974 is 1000 tons end maximm requirement
by 1980 is put at 1400 tons. Since this is a "ane customer" market, every-
th:.n-g depcuds on the whim of the single company - Conwed. Other cailing tile
manufacturers such as Kaiser Gypsum and Armstrong Cork do not use asbestos.

L YN
T LU

34
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“

Use of asbestos improves temsile streogtl in board Tformation, and
clay and starch retention. However, major ceiling tile manufscturers
can and do c-tain satisfactar, product substituting various organic
chemicals. The contribution of asbestos - to supply the positive charge
necessary to keep it and cther ingredients clinging to the wire an the
Fourdrinier - is important for older but apparently, not newer equipment.

Continued domestic use angd growth depends substantially on the out-
come of a legal suit by the Federal government against Reserve Mining Co.
for allegedly dumping asbestos-like vaste lnto the Great Lakes., If the
government's case stands up » 1t would have an adverse effect on our future

domestic ceiling tile business.’ (See Table 9 for UcCe exports. )

PAPER:

Three known uses for asbestos in the peper industiry are:

1. Add to "furnish" for pitch control.
2. Retaining agent for such paper sdditives as clay.
3. T10; Extender

In some cases, the use of asbestos can have dusl purpose.

There are reported to be technical problems precluding asbestos use
at the pewer mills, In thege operations » the asbestos must be added to
the "furnish" in slurry form, which ir many instances » results in lumping,
This, the mill can not tolerate. It appears the problem can be overcoms ’
but by costly methods. In the older mills, it is satisfactory to add the as-
bestos as a dry powder snd lumping does not occur, Tale has been suggested

to be as good as asbestos and at a cheaper price.

xr
LG
[
CH
(@

*Future for foreign shipments still looks bright.
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A relatively net- use is for electric paper. Stevens » Westfielgd,
Maas. is the only known asbestos customer. The remaining two mamy-
facturers are Crocker Burbaak, Fittsburg, Maipe and P. Je Schwetzer, Lee,
Main. We believe that this use will remain relatively gmall.,

The 1973 domestic demand for asbestos in Paper is about 2000 tons per

year sold to four customers: Longview (piteh control); Boise Cascade ('1‘102

Extender); Kimberly Clark (control of sheet porosity); and Prairie States

(conteminant dispersion and pitch control). See Table 9§ for UCC exports.

TABLE 9
ESTIMATES OF UCC EXPORTS
{000 Tons)

1973 1977 1980

Floor Tile - Japan o (1) 4,000 8,000
Europe o 5,000 10,000
0 9,000 15,000
Paper ~ Japan 1,000 2,300 2,600
Europe 100 800 1,400
' 1,100 3,100 4,000
Ceiling Tile Japan 3,400 7,900 9,600

Source: Internal (ucc, NF)

Assur=s capture of 50% of market by 1980 which W.R. Grace estimatas
to be cwrrently 20,000 tons/year,

1

<o

(1) No material avialable 5

‘
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Asbestos Filled Phenolic Malding Compounds: ¢°

According to an internal report (1) phenolic molding materials

are catagorized by seven market areas:

% of Total Production

1) Applaince parts - toaster handles s '
electrical control knobs, etc. a5
2) Automotive-transmission parts, brake parts,
distributor caps, etc. 16
3) Electrical - switch gear, high voltage
circuit breakers, ete. 30
L) Wiring devices - electrical partc 11OV
switches, plugs, ete.

$) Closures - bottle caps, etec.

~ & B

6) Commmnications - switch terminal blocks, etc.

7) Geperal industrial parts - knobs, ash trays, etc. 6

Asbestos 1is used largely in applisnces and automotive phenolic ap-
Plications which account for approximtel; 40% of phenolic molding materials.
Some esbestos is used in electrical wiring devices and general industrial
applications for specialty high-temperature resistance items, but usage
is relatively small compared to the forementioned sreas. Asbestos is

not normally used in closures or commnications parts. (See Table 10)

() B. L. Engalls 1-L7-Tk
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Union Carbide Tequires approximately 1,600 tons/year of asbestos
“T RF9" purchased from Carey. (1)

There are 3 gtater rersons for not using UCC's "Calidr: "

1) Simce both materials are shipped Fop to distination, the

freight costs from California exceed those from Carey's gper-
ation in Canada,

2) Although Calidria pellets are easier to hendle in bulk, they are
more difficult to disperse,

3) ucc's equipzent i3 get up to handle the compound as received from
Carey and 1t would require Production and formilation changes to
coavert to "Caltdria."

Geperal Electric Co., recently announced intention to formulate away

from asbestos and have changed to a combination of other fillers.

This asbestos free formilation has so far, received mixed acceptance,
While the gubstitute may be satisfactory for some items, asbestos £illed
Phenclics are the best performers in bigh temperature applications. Such
itezs as housebold appliances, which gperate at temperatures above 250°F,
still require asbestos, We understand that ¢g 1s purchasing asbestos £illed
pheﬁoiica for their dissatisfieq customers. G.E. ig also considered to be
¥ery public relations consciocus aad for this reamson, will Promote “non
asbestos” to the trade as an "environmental sgset."

The loss of asbestos business to thig cozpany hes been estimsted at

over 1,000 tons/year,

Note: There is a use for asbestos {n other thermosets such as urea and
melamine but thisg is small,

(1) carey's total angual sale of asbestos for all epplications is approx-
imately 235,000 TPY.
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TABLE 10
PHENOLIC MOLDING COMPOUNDS (1) -
ASBESTOS_POTENTTAL DEMAND 1973-1980

(000 Tons)
mowomen o 28w
YEAR (25%) AVERAGE CONTENT (Rounded)
1960 100 25 5.8
1972 170 k2,5 9.8
1973 150 k7.5 11.0
1974 195 48.7 1.2
1975 20k 51.0 n.7
1976 210 52.5 12,0
1977 220 55 12.6
1578 230 57.5 13.2
1979 ko 60.0 13.8
1980 250 62.5 k.3

Competition 1g also coming from lesg expensive materials such as tale,
which recently replaced asbestos in the auto fan ghroud. This vas about a

1,500-2,000 ton Der year outlet,

i : ! ‘r:, J ‘
(1) uce had, 1n 1973, &pproximately 11% of the phenclic molding compolingss o o .)
. markat,
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NEW DEVELOPMENTS

RUEBER (Elast zers)

Due to the shortage and increasing Price of "high" styrene resins,
there 1s a possibility of an impending m‘arket for 5,000 tons of asbestos
by the shoe industry. Interested, prospective customers include Endicott-
Johnson and Thom McAn  (J. F. MeEllwin).

Present market for asbestos in the shoe indugtry is sbout 500-1,000
tons per year. UCC's "Calidria" does not now compete. Advantages of "Cali-
dria™ asbestos are price and expected availability,

Again, there could be an environmental Problemyand since we believe
its use will be & "go or no go" situstion (either all or nothing), we have
0ot added the market potential to our estimsted total demand in 1980.

This application must be watched closely to determine outcome. UCE

should bave more definitive information wvithin the next few months.

MECEANICAL RUBBER GOODS

Including rubber rollers, shock mounts and belting,hold a potential
market of 5,000 tons/year for asbestos by 1980-81. Use in rubber tiles will
also add another 1,000 tons.

OIL WELL DRILLING . -

During 1973 a new development cecurred which could markedly increase
Union Carbide Corporation's participeating in the o0il well drilling business.
Dresser Industries has developed, and wve believe have a patent application

on, a silane treated asbeatos (UCC silane).
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OIL WELL DRILLING (cont'd)

¢t

Technical deta{ls are meager but the new product appears to be intendeg
f.r oil based systems and inc-eases their useful operating range from
about 250°F to 350°F. Dresser has agked for 1,000 tons in 1975,and dis-

cussions are in progress to determine economics and business relationships.

WATER TREATMENT

A licensing and distribution agreement has been nagotiated with
the Permutit Company covering the use of High Purity Asbestos in the treat-
ment of certain types of vaste wvater. Sales in 1974 are estimated at 300
tons. It is too early to make fi{rm predictions,but sales in the order of

2,000-10,000 tons/year for this spplication are quite possible by 1980,

SYNTHETIC WOOD

A small inventor, Holman Construction of Anderson, South Carolina
has been working for about 3 years on a "synthetic wood." Fiberglass
strands are pulled through a die while a fi1lled plastic is similtanecusly
extruded. SG-130 at a loading of 5-10% is a key ingredient for a flov con-
trol in the extruder. Owens~Corning, as a fiberglass supplier, has become
increasingly involved with the Project and has recently taken a two Year
option on the pilot plant. If the project becomes commercial,the asbestos

potential could be very large.
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PLASTIC REINFORCEMENTS "

Union Carbide's chrysotile asbestos pellets, treated with our
proprietary phenclic coupling agent, is being offered to the trade as
a reinforcing fiber in thermoplastic resin systems. This fiber is
designed as a substitute for glags at an approxinate ratio of 1l:1.
Our offering 1s designated "RG600." (1) See Appendix IT for technical
i:n.formation.
Market potential for RGS00 is based on & reasonmable share of cure
rent consumption of, and growth expectations for ; &lass fiber reinforcement
io polypropylene, nylon, HDPE, (2) styrenics, acetates and other thermoplastics.

During 1973, thermoplastics were consumed in the amounts shown in Table 11,

TABLE 11
CONSUMPTION OF THERMOPLASTICS IN 1973

RESINS W4 L3S EST. GLASS FIBER

Polypropylene ko 10

Nyloa a3 6

Engineering Plastics 34 8

Polyethylene 13 : 3

Styrenics 20 2
TOTAL 130 MM 1ES. 32 MM LBS.

013 (65,000 TOKS) (186,000 TONS)

(1) RG660 is 2.5 microns in length - fully liberated.

(2) It should be noted that RGEOO and other grade "T" asbestos cca
be uged to coovert lov density polyethylene to high dansity, as
well as substitute for a portion of high priced, sca.rce, styrene f_) 3 4 2
monomer in scme formulations, N

L
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Assuming & 25% penetration potential, we qee a current available

market for epproximately 8,000,000 lbe. = 4,000 tons. Our Present commer-

cial pemetration is nil. Market available in 1980 (assuming no growth for
1974) is about 15,000 tons.

WC's ability to penetrate this market, in view of the entrenchment
of glass, and ecological considerations, is highly problematic. Besides
overcoming the negative publicity which surrounds asbestos, it will be
necessary to sell at a reasonably lower price to entice those users nov
wed to glass and glass reinforeing technology.

We have avoided a discussion of reinforced thermoset resin reinrort.te-
ment because, ag of this analysis, there is no satisfactory coupling agent
for asbestos in this system., However, wvork is proceeding vith thermoset/
asbestos at UCC - Bound Brook and future developments are possible., If

successful, a market potential for UCC's RG600 is 8-10 times greater than
that for thermoplastics alone.
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SOURCES

External

1 Asbegtos Magazine

3 K. L. Industries (Market Research)
5 N. L. Industries (Research & Development)
1 Cypsum Wall Board Assoce.
8 01l and Gas Jourpal

8 Montello

n Bureau of Mines (U.S.)
6 Rubber Age Magazine

L Adhesgives and Sealant Council
b Fluid Sealing Assoc.

2 Resilient Tile Institute

6 PPG Industries

3 Glidden

11 U.8.0.C.

Internal

UCC Chemicals & Plastics -

2 A. Constantine
6 R. lLindberg

é D. Barry

8 J. Madden

T M. Ranney

10 G. Shipston
10 P. Potter

10 W. DeFaber

UCC Asbestos Group

1 Marketing & Development Persomnel - Nev York, Niagara Falls,
Chicago and Atlanta

UCC Group IR & D

7 F. Ancker - Bound Brook
8 T. Foster - South Chas.
8 8. Livengood - Tarrytown

CODES: 1) Wallboard 2) Floor Tile 3) Paints U4) Adhesives & Sealants
5) pPaper 6) Elastomers 7) Plastics Reinforcement 8) Oil Drilling Muds

-
2 \

' D 7
9) Ceiling Tile  10) Plastic-Filled Phenolics 1l) Geperal SRR JOR A
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EXEIBIT T

YCALIDRIAY ASBESTOS SALES -
(Dcmestic 2 Exporr)

e

Aoolications 1970
Flecor Tile 6400
Mastics 190
Resin filier 0
Ceiling Tile 0
Tape Joint Compounds, Mastics, Sealants 917
Ceiling Tile, Pager, Rubber 5612
Resin filler, Waste Water Treatment 602
Orilling Fluid 0
‘Paper 438
Coatings .
Coatings L. invianf i3
Resin fil{er 0
Undercoat, Mastics, etc. 650
Adhesives, Sealants, ote. 407
Same as RG-(44 33
Thixotrope 185
Same as RG-244 34
Dritling Fluid 1032
Orilling Fluid o]
Orilling Fluid €68
Drilling Fluig 0
127
TOTAL 17,308

¥ temar v e

30
Tonnage
1973 1973 (Buaget)
13493 - 10680
278 360
100 1000
750 1400
3946 4800
5151 3900
354 360 ~
55 240
587 4890
419 280
13 75
106 100
754 1080
6i6 700
50 IS
808 882
118 230
254 360
9939 1440
1344 1440
463 369
65 0
30,725 X



APPENDIX I

Rotary-rig activity by states "
Peak Lew . dvei —
No. No. UT3 1872 .m0 rg&"‘ 'fg?:” 1557 1365 1% 164
Alzhama .. T ] 13 15 8 7 3 3 2 2 1 2
Asska e ... I8 0 5 5 5 % a > 2 13 i 5
inisnd ] 0 4 4 5 12 18 3 5 5 3 3
Offshacs . 3 0 1 1 0 2 10 v 16 3 3 2
Arkanses P} ] 15 15 15 i ] 16 7T 10 1 L]
Kizone 5 0 2 1 1 0 2 1 3 1 1 2
California 68 k7] 51 &% & 52 78 Y] (<) 7 ] X}
Infand 85 k] L] s .0 Q ] 65 & 70 ¢ v
Otéthore 4 0 2 t 6 10 U 2 16 ] 6 3
- Colorade 58 p] Q s 0 3 3 7 13 16 19 21
Flonda 15 5 9 19 1 4 1 1 2 2 4 !
Georpa 2 0 1 0 0 0 0 0 0 0 ¢ 0
. Maho 2 0 1 0 (] 0 0 0 0 0 (] 0
' Htinois 1 1 s 0] B b7 17 2 3 2 u 2
t Indrana 2 ) 0 1 1 1 1 2 3 5 5 s
jows 1 L) 1 0 1 0 0 0 0 1 0 0
’ Kansas 4 8 2 2 29 0 kT 35 4o ss 0 87
Kentucky 3 0 1 2 2 1 2 5 3 13 12 3
Lourstans 233 181 208 24 s /4 w0 3 25 6 2 w2
. forth i 15 b} 19 18 12 13 19 2 s ) z
, Iniend watery &6 a3 -] Se S0 57 57 =] 56 n 74 &
South 7 37 5 59 4 56 & 59 58 (5] n 1]
Offshare o7 56 N 82 " 79 85 91 9 8 s 31
Maryland 1 0 0 1 0 0 1 1 0 4 2 2
Michigan % 10 0 17 12 1 10 19 10 s n 13
Misszssippi “ P 2] 37 3 4 40 % 3 34 s R
Missour! 1 0 i 0 0 0 0 0 (] 1 ¢ 0
' Montans b, 4 9 19 2 17 nw i k7] 2 13 % 2
‘. Nebraska 10 ! H 3 5 6 10 5 5 s 10 i
Nevada 2 0 0 e 1 0 0 2 1 1 2 1
. New Mexieo 73 40 [>) 55 o 40 o 6 C' =] 5 n
New Yark 6 0 1 0 t 0 0 1 1 1 1 1
0 North Caroling 0 0 0 0 0 0 0 0 [/} 0 0 0
North Dakots 7 5 10 7 ] 9 12 13 1 2 12 "
(" Ohvo a 2 3 2 Y 24 r 2 18 14 2 56
L Oklahoma 150 8 1S % %0 8 120 6 100 41 13 1ss
Ocegon 1 0 0 g 0 0 0 ) (] 1 1 0
, Pennsyivan 19 6 1 s L] 3 7 5 7 10 ] n
; South Dakota 3 0 1 1 1 2 1 t 0 0 2 1
L Tennessee 2 8 0 0 1 2 t ) i ! 0 0
Texss 54 ;@ I w2 ¥l M 322 Y M0 387 &S 47
i Guf Coast 143 2 1 9 79 pe ) 7 8 ° 1\ 2 s
Li Offshore 18 § ] 3 5 6 10 3 H [ 5 2
North 3 1 2 16 15 b} % % 2 3 k7] 2
Pashandle . 2 15 n 2 16 19 13 2 Fi ps) % 3
ﬂ East ., , ” 15 0 % 2 b 3 u 3% 3 & Q
L West Central 106 n R 7 7% 7 7" 67 &7 2 10
West .. 115 2 10t %0 n ts 0 8 9 w2 w1,
Utah 9 Fe] 3 7] 17 12 t2 12 15 1 " 7
~ Virgina 3 0 1 e ! 1 0 0 ] 0 1 1
Weshington 0 0 0 0 ) 0 0 ) 1 1 0 o
. West Virginia n 3 2 18 17 16 12 16 Is 18 24 16
Wyom..g 108 k< 70 &0 45 n 81 5% o 43 0 a
’ Tetal 8S. 143 M 1184 1087 76 10M 1is4 1150 1M 1273 1387 102
_ Canyda West . m 700 175 148 120 131 W3 10 M4 16 163 149
Canads East .. . .9 0 4 [ 4 3 2 1 1 ! 2 1
1 Grasd Tetal 167 183 101 121 4 L2 LMS 181 121 14080 J.452L ngse

i Saurce: Hughes Yool Ca. Note Peak and jow fimires may not add to totals.
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Worldwide oil at a glance

L

.

[ ¢!
COUNTRY RESERVES 1.1.74 wells 0lL PRODUSTION REFIKING
" Capacity {1.000%/c
LL) (11 jag | Orilling | Estimated | % change 1-1.74
(1000080 | (hllicacytt ol 12473 1973 from Rehs Kelorm-
pa s ] 10008/ ¢ 1912 eres Crude Cracking | Ing
ASIA.PACIFIC
Afgkanistan 149,840 4,900 13 4 02
Australa 2,300,000 37700 Ky 7 4200 233 e 6809 1447 156.7
Bangtagesh 8,000 1 1 06 15
Brunei-Malaysaa 1,600 000 20,000 126 ] 200 12.7 3 1232 57
Burms 67,800 200 700 7 230 150 2 253
Ching Rep {Tawan 14,000 | 400 S0 2 02 2 100 0 20.0
Guam 1 295
iadu 779.000 2,000 1,500 9 1500 | - 0S5 10 4331 361 218
Indonesta 10.500 000 15.000 2567 % 1,300.0 226 8 4212 195 79
Japan 19, 100 1084 1 150 8§ 43398 a4 4850
Khmer Republic 1 125 18
Korea, South 3 420.0 a8
New Zealand 224,000 15,000 4 1 is 30 1 540 180
Okirawa (R} 3 220 120
Palustan 31,200 10,120 18 S 30 | ~111 k| 80.5 28
Philippines 180 3 4 2838 217 £.6
Singagore ¢ 6995 0
St Lanka 1 3890 35
Thadand 10,200 25 2 02 4 168.2 70 2315
Total Asp-Pactic 15,635,040 114.200 G478 12 22452 200 106 89327 5154 1503
tCondensate
EUROPE
Austra 157.000 589 1250 ) 50.0 1 200 165 29
Betgrum $ 81a7 553 03
Crocus 1 150 27
Deamark 248,500 1.800 4 1 it ~114 3 2265 18.0 193
finland 2 196.0 320 258
France 20 000 £.500 M S %3 | -126 3 31400 1824 3886
Germany, West 544,000 12,308 2782 § 1330 | - 34 33 2.825.7 126.1 e
Greecet 4 3136 as
Itetandt 1 S8 0 113
Htaly Sicrly 212,000 5.300 125 7 23 37 k)3 38820 3047 48
Nethetlands 251,000 92.000 19 9 286 | - 86 7 18285 750 1639
Norway 4,000,000 23,000 4 6 35 136 3 1630 185
Poland* . 6 1458 135 108
Partugal 2 1100 120 156
Romanis® 10 3200
Spain 60.000 500 % 4 22 7880 | 1,163 1388
Sweden . s 2480 4.8
Switzeriand 2 1400 230
United Kingdom 000,000 50.000 63 18 15 | -~117 20 2,762 1880 3862
Yugosiava 438,000 1,800 1012 ) ne 97
Tetal Europe 15,990,500 193,797 5368 6% 335§ 59 158 | 18,1108 | 10100 |2088
10it o gas discovered but not devaloped. *Not included in non-commuaist total. "*Government estimate adjusted.
MIDOLE EAST
Abu Dhabi 21.500.000 142 4 12858 25
Batwam 360.000 4,000 a5 67 { - 87 1 2500 342 U3
Ditha 2,500, 1,000 39 2 230 458
lean 50,000,000 { 270,000 kCh) $ 6,000.0 195 5 6600 360 43
lraq 31,500,000 22,000 113 9 18882 308 6 98.5 . 5.0
Israet 2,500 25 ] 1 1000 | - 70 2 2128 2.0
ke Mooog0e | ms0 | e 1} 2s2 | - 38 S| 2| ax
Lebanoa .. . .. 2 535 72 3
Nevtral Zone 17,500,000 3,000 k. v3 ] 75 | ~112 tt .
$.250.000 2,000 97 2 2119 | —- 15 . .
QOatar 6,500, 8,000 74 3 $555 152 1 10 .-
Saudt Arabia 132,000,000 §0,%00 527 3 14128 294 2 4283 181
Shargah . 1,500,000 1,500 . 2
South Yemer cden) . . . 1 1820 e
Syra 7,100,000 700 13 1 108.7 -121 1 513 . ves
Turkey 000 200 286 6 65.0 4 305.5 2856 a3
Tetal Middle East 350,182,500 413328 3187 o 213141 143 3 28822 1083 {5 ]
tinciuces captured Sinar hields. *Not yet producing. Ttinciuded it Kuwarh figures, oA
Ao Jd o 4 7
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COUNTRY RESERVES 1.1.74 wiLlS oK. PRODUCTION REFINING \
Capacsty {1,000 b/
0it Gas Fraducing ] Orilfing | Estimated |% chaege 1114
(1000880 | Gillion cyft) ol 12173 191 from Relen- Refoom-
173 (1.oo08/dt | 1977 enes Crude Crachieg | ng
AFRICA
Algeria *7.640.00¢ 105,945 574 10 16354 | - 28 4 1153 s
Aagols-Cahinda 1,500,009 1.500 163 5 1600 147 2 25 13
g::g*z;ammie 4,388,000 1,000 19 3 330 4909
Egyot §.125,000 4,200 251 4 180.0 -~15.0 4 1800
Ethiopuat . 1, 144 18
Gabon 1,500,000 8,500 12 4 145.0 154 1 176 20
Ghanat 1 283 94
Ivory Caast 1 842 50
Kenya 1 480 40
Liberta 1 100 20
m 25,500,000 4,000 895 9 21168 { - 45 5 164 13
gasay . 1 1.5 03
Maroceo 750 o] 2 2 09 L ¥ 2 585 36 18
Mozambiquet i 178 25
Nigeria 20,000,000 40,000 898 a2 2,000 0 100 1 600 60
Rhadeswa 1 (not operating——not inctuded in totalt
Senegat 1 180
Sierre Leone i 100
Sudan 1 prad] 20
Tanzanu 1 170 A
] 950,000 1.500 56 4 81.0 45 1 24 30
Umon of South Alrreat 5 aig $5.9 41
Zawett 200.000 0 1 16.1 27
] . .o cea 1 U8 56
Total Alrica 67,203,750 182,120 3018 63 57619 18 33 10922 598 1318
*Revised, 10il or gag discavered but not developed. +1To go oa production at 25,000 b/d m 1975.
WESTERK HEMISPHERE
Antiqus i 12.3 19
Argenting 2,500,000 8,000 4,09% 30 420 29 14 6236 1012 s14
Banamas 1 500.0
Sarhadest 250 1 30
Bolra 260,000 10,000 253 4 410 12 S 255
Beazil 793,000 921 1268 b 1700 3.0 10 7918 1686 248
Chde 124,000 3400 466 [ ne | -128 3 1235 263 100
Colombea 432,000 2,500 2023 3 1860 (- 6 166.1 495 20
Costz Recat . 1 16 Ll
Cuba . . l 1220 1133 117
Domunican Republict 2 45.0 10
Ecyador 5.675.000 5.000 9 & 1970 1481 3 352
£l Satvador . . 1 13.7 21
Guatemaiat . . 2 60 £0
Honguras 1 140 13
lamaxa ] 110 23
Martinique . . . 1 4.0 23
Metico 3,600,000 11,000 4,345 45 4780 6 §25.0 ¢ 1090 563
Netherlands Antilles .. .. 2 450 50 15.0
Nwcaragus 1 13.2 26
Fanama . .. . 1 150 15
Pavaguay . e N . 1 50
Pey 1,050,000 3,500 249 13 610 18 5 1088 67 14
Puerto Rics eos .. 3 307.8 493 -X)
Trwdad & Tobago 2,200,000 5,000 2932 15 159.0 124 3 4610 %S 949
Urvguzy .. .. 1 43.0 40 1
Venervela 14,000,000 42,000 12,461 20 33700 47 12 15316 466 192
Vipn Islands . . . 1 5%0.0
Umited States *34,70G,249 247310 1501505 |14l 9250 (1 — 24 7 | 133830 {45128 (32781
9424170 *+$0,299 229% 171 17500 140 4l 17%8.1 Q18 2300
Tetal W, Hemisphore 75,754,669 300830 1557870 11754 16,1228 22 380 | 224368 (535158 34812
108 or gas discovered hut nat developad. ““Does no! include Arctic gas. *Inciudes Ataskx 10 billion.
Tetal LonCammunis | 524835439 1281312 si1e21 2018 43,3007 £ 2 14 53,4540 7.28%. 71424
Coamunis? Werld *103,000,008 1735,400 13128 43
Tetal Warld 627856458 | 203331712 $5212.7 ts

“Including Russia wih 8Q bedicon, Red China 20 bitlior, and others 3 hiflion,
Hecluding Russiy 706 trilion, Red Ciaz 20 triition, Hungary 3 Yrillion, and others 64 trillion. 053 J

————
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COUPLED CHRYSOTILE ASBESTOS REINFORCED THERMOPLASTICS

F. H. Ancker, R. G. Azrak and M. D. serto.ucci™

Unicn Carbide Corporation
Chemicals and Plastics Division
Bound Brook, New Jersey
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Chrysotile asbestos (1) 15 a serpanune mineral occurring ia
~atu-e as macroscopic bundles of colloidal~size fibers. Umon
Caso:de's 'Calidria’ asbestos is a domestic chrysotile asbestos
w4ich by specially developed wet process beneficiation techniques
=as veen hickly purified and hiperated into {ndividual fibers

having diameters of 250-~3 00A and average lengths of 2-5u, {.e. V

assects ratios i1n the range of 65-200. 'Calidria‘’ asbestos is
commercially available as 1/8" diameter pellets which can be
readily handled and processed with a3 minimum of dust generatien.,
A naw grade of 'Calidria‘® asbestos has recently been introduced
(RE 500) where the asbestos suriace has heen pretreated with a
novel, proprietary coupling agent. The coupling agant treatment
nas markedly increased the reinforcing efficiency oI chrysotile,
asbestos in thermoplastic resins, especially in the polyolefins,
z=d has also enabled dramatic improvemants L1 process neat sta-
bulity and heat aging of polysropylene (PPj and solylvinylchloride)
‘2VC)composites. The new ‘Calidria’ grade RG 500 provides the
for=ulartor and molder of tnermoplastic composiizs with a highly
cost-a2fiective reinforcing agent which can be usad to obtain
Lligue combinations of material properties.

Machznisms of Rainforcement

Colloidal chrysotile asbestos has many 1naerent zroperties
which make it interesting as a reinforcement for plasucs: a) the
stiffness 1s more than twice that of E-glass; b) the :2nsile
strength 18 at least equivalent to E-glass; ¢} e surface of ex=.
trudad or molded 'Calidria’ composites is smoo in conmast to
fivargiass composites which have a rough and 2trasive suriace
texture; ) the 'Calidria‘ compounds can be procassad andrepro=
cessed without fiber atmition, 1.e. without detsricration of
mechan:cal properiies whereas glass fibers undsrga severe break-
2ge cuning normal extrusion and molding processes. Cn the
negative side, e) the practical reiniorcement eliiciency attainable
with chrysotile fibrils has been very much below theoratical ex~
pactations, especially in polyolefins; and f) the thaermal and
oxidative stability of labile polymers such as golysropylene and
PUC zre adversely affected by incorporation of natural chrysotile
iizers.

....e micromechanics thaories of sihor itder co*zpos.tes(z)
hava been utilized to help .dentify the pnr‘c;pal causes of the low
sreciicai reinforcement efficiency ol ¢ hryso.ﬂe fibrils in thermo-
olzstic rasins. Trese studies nave shown that two principal
causes zre low fiber/marrix adnesion and difficulties in achieving
czi3’ectory fiber dispersion at ine colloical level during normal
cumpcounding processes. In retrospect, it {s perhaps not too sur-
srising that these two phenomena have such large effects on the.
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reinforcing efficiency of colloidal asbestos fibers.

Chrysotile asbestos has a Brucite (magnesium hydroxide)
surface with poor wetting characternistics for non-polar polymers.
Due to the colloidal dimensions of liberated chrysotile fibrils, 1t
has not bee possible to determine experimentally the adhesion
(interfacial shear strength) between various matrix resins and
chrysotile fibrils, However, even for the case of perfect fiber/
matrix adhesion, the critical fiber length 1s of the order of the
average actual fiber length of 'Calidria’ fibrils. For lower levels
of adheslon, the critica] fiber length will be much longer which
means that the reinforcement efficiency is in the range of extreme
sensitivity to interfacial adhesion. () Similarly, low levels of
fiber dispersion on the colloidal levelhave the effect of reducing
the apparent aspect ratio of the fibrils which again will have a *
pronounced negative effect on the reinforcement efficiency in
tnis fiber length range,

-

A novel class of proprietary coupling and dispersing agents
has now been developed which conveniently cz2n be applied di-
rectly to the chrysotile ashestos prior to pelletizing. The
coupling agent used in RG600 was designed specifically to pro-
mote adhesion between the Brucite surface of cirysotile and poly-
olefins, especially polypropylene, but it has cansiicial effects
1n thermoplastic resins in general. The estabi.sh=zant of true
interfacial activity of the coupling agent is press=tes in Table I.

It is seen that the coupling agent in and of iz32if coes not signi-
ficantly alter the tensile strength, modulus or hear <1stortion
temperature (HDT) of a thermoplastic resin suck as EDPE. How~
ever, when the coupling agent is present in cihrysoale reinforced
composites, improvements over uncoupled chrysotila of 63% in
tensile strength, 79% in tensiie modulus and 52% in DT are
found. Figure 1 illustrates the approximate ccncenTa2tion depen-
dence of mechanical properties with weight percent fiber surface
coverage. An abrupt change in slope of plots comparing tensile
strength, tensile modulus and HDT with % coupling agents based
on the total composite weight s found at approximately 1.8% addi-
tive. Assuming~60m2/g surface area for well liberated chrysotile
fibers, this value corresponds quite closely to monolayer coverage
of the fibrils. Little improvement in mechanical properties or
further reductions in mold shrinkage are observed at levels of
additive above 2%. These results are classic {llustrations of
interfacial activity. .

The improvement in dispersibility of cl"xrysotile fibers effec-

. ted by the coupling agent is shown in Figure 2. Chrysotile/soly~

styrene composites were prepared from natural (RG144) and .
modified chrysotile (RG600) with identical compounding conditions
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and shcar history. The electron micrographs show clearly the 1n-
crease 10 apparent fiber aspect ratios caused by the coupling
agan: teatment. - .

The relative efficiency of the coupling agent in various ther-
moplastic polymers is shown in Table il. The tensile stren thof a
camposite (T, c) can be expressed by the rule of mixtures (2

T = e-(pVy + Tpll-vg

where C} and (fm are tensile strengths of fiber and matrix, re-
spacuvely, Vs is the fiber volume fraction ‘and e 1s an over-all -
aificiency factor. The coupling agent eificiency (C{) is defined as-
& = £
%o
:.2. the efficiency factor ratio between samples with {e.) and
without (ey) coupling agent. Tablell shows that the coupling
ageat is highly effective in the polyoclefins, exceptionally so in
polysropylene, but marked efiects are attained in a broad range
of tharmoplastics. .

RG 500 Comvposite Properties

Tne following ASTM test methods were used :o evaluate the
composite matarials: tensile properties (D-638~047), Ilexure
properties (D-790~66), HDT (D-648-56), specific gravity (D~792-~
64T), coefiicient of linear thermal expansion (D-638-44}, notched
Izod impact strength {D-256-56).

The thermal stability of chrysotile/PP blends is e sasticularly
important property; therefore special attention was given to its
determination. Since subjective tests such as ¢ =2 0 10% o
25% craziag of the surface of a composite are a Sudicus measure
of tharmal stability, we report the induction time foz & caloni-
metric rasponse to the onset of oxidative dégradz=az s measured
oy a differant:al scanming calorimeter (DSC). Tesis of thermal
oxicative stability were performed on 10 mil films zressed from
injection molded bars. A Perkin Elmer Model 1-B OSC was used
throughout. The stability at 230°C in air was measured.

Tabiles IIl and IV show that at all levels of filler batween 18
and 3¢% marked mprovements in tensile and fiexwre stangths are
obizined ta £DPE anc PP resins reinforced with G500 aver
satusa! wall liveratad chrysotile fibers. A: tie opiimum loading of
approximately 30% by weight, use of RG60G o reiniorce a standard
g-ada polysropylene yields, as shown in Table V. substantial im-
srovemenis 1n all mechanical enc smermal croperties when com-
sered (o commercially available asSestos reinforced polypropylene
_cmoos.n:s. Table VI compares umprovaments 1n mechanical prop=
e---z3 betwean coupled and uncoupled asbesios and glass poly-
srogvlena composites, respectively. Coupled asbestos/PP is
close =5 standard glass reinforced PP in overall properties and in ’
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senaral woil compare faverably with all glass/'EP composites on a
cost/periormance basis,

v

Tigures 3 and 4 respectively illusirate the improvements ob-
tained with RG600 1n HDT and flexure modulus compared with
uniiiled PP and a RG144/PP blend. it 1s clear that RG&00 at the
13% lavel has superior propert:os comparac with unmodified
canrysotile at twice the fiber loading. At the optimum level of 30%
RG&00, improvements of 112% in BDT and 275% in flexure modu-~
lus ara obtained over the base resin.

Tables VII and VIII show the progzerzes of Nylon 6 reinforced
vw1th RG6CO vs RG144 and other commonly used inorganic rein-
icrcements. The Superior combination of high mocul:, strength
and heat distortion at low loadings 1s eviden:.

Unlike f{iberglass reinforcement, chrysotile fiters have been
long known to accelerate the thermally inducad ox:2ative degrada-
:on of thermally labile polymers such as PP anc 2VC. Taecoupling
agenl gresant in RG600 inhibits this tendency &s sagwn in Figure
S waere at chrysotile loadings of 40% improve=an: cf 535% in the
thermal stability under accelerated conditions 2z z::z:ined. With
the surizce modification present in RG600, as s shzwwn in Tigure 6,
adeguazte tiermal stability cf carysotile/P? Sla=dz ca=- 52 achieved
with reasonable levels of standard antioxicenzs. Tzr=_lations of
RG600 at the 30% level in PP with 0.7% hindz-2= s=ensl (basad on
the composite wt.) and showing stabilities of 35 =:= 2 239°C by
DSC retain their mechanical strengths in excssz 23 733 s at
150°C in an air circulating oven. At times azgroeszing 2000 hrs
simijar composites show no sign of surface crzziz3 =2 3 150°C
oven aging test.

The 1mprovements attained in RG600 recicrcad marmally
labile polymers are particu! riy striking the ths zés=-cf PVC com-
posites where oxidative ‘degradation of the ma—~ Z.ring hot com=-
pounding 1n the presence of aatural chrysotile _s =2 sav2re problem.
A 200% increase in the time to significant ther=e! cx:idative degra-
dation has been found in comparisons between cireated and sur-
face modified chrysotile filled rigid PVC blencés by a high speed
mill test. At a milling speed of 110 £t/min and roll temperatures
of 130°C significant discoloration and evolution of volatile
caloridas occwrred only after 9 minutes for 20% RG600 blends as
compared to 3 minutes for 20% RG 144 blends. The stability of the
asbestos blends under standard milling cpnditions is therefore
significantly improved.

RG820/polyolefin composites have exceptional wet strength
retention. far axcaeding those atsainable with fiberglas .einforce-
ments. The data in Table IX show that even after 2 and 7 days
1mmersion in bolling water, there is no decrease but an actual
increase in the mechnanical and heat distortion properties of the
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compositas. This 15 a singularly important advaatage 1n a number
of practical applications .

Another important prperty in formulating reinforced thermo-
Piestics 15 umpact strength, Often practical requirements wil}
diciata a certain minimum impact strength combined with high
~odulus and strength. As is well known, short reinforcing fibers
generally contribute little and often even detract from the impact
soperties of 3 polymer. However, unique composite properties
are oiten attainable by the proper choice of base resin. For
example, 1mpact modified PVC and high impact polyolefins com- *
s:nad with RG500 enable formulation of PVC and polyolefin base
composites having overall property combinatidas similar to those
of impact polystyrene and ABS. In general, RG600 in the hands of
skilled formulators of the plastics industry should open up many
Liique and novel applications for reinforced thermoplastics.

Raierances:
(1} R.E. Byrne: 'Asbestos Fibers', Modern Plastics Erncyclopedia,
386-390, 1965~-19870.

(2) L. Ongchin, W. K. Olender, F. H. Ancker: '‘Tider/Matrix
AZhesion and the Fracture Behavior of Glass Re.nforced High
Deansity Polyethylene' 27t1 Annual Techn. Co=s .. Reinforced
Plastics/Composite Institute, Soc.Plast:cs lad., 1972.
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- . ‘ FIGURE 1 T,

INTERFACIAL ACTIVITY OF COUPLING AGENT
(20% wt. Chrysctile - EDPE Composites)l
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["1) Resin supplied by Union Carbide (Grade DMDJ~700¢} - 2= :ajection molded
test specimens.

- < Calculated wt. % coupling agent for monolayer coveraze =I ashestos.
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FIGURE 2 ‘

ELECTRON MICROGRAPHS OF CERYSOTILE POT S ZZENT COMPOSITE

(Magnification 14,000 times:
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TABLE I
LITICIENS Y FAGTORS [ON
COUPLED GURYSOTILL (G400 LD THERMOPIASTICS

Lificiency
factor . Pplyamidel!) rotyester() ps} pppridl ppis)

c’ 1.2? 1.1% .34 1.56  2.00

(i  Nylon 6 (200-00}) aupplied by Firestons

2} “Tenlle 7DRO” supplied Ly Castman

{3) Prolvatynone (PS) SMD-1S00 supplied by Unton Carbide Carp,

{4} Ihigh Dunsity folycthylena NIDPL) DMD)~7008 supplied by
Union Carbide Corp.

(s} Polypropyleac (PP) 5245 supplied by Shell.

IALE 1

TCNSILE STACNGTH OF
CHRYSQTILE ALINFORCFD POLYOLErINS V)
wi. X RG1ee  HDPLR part  ppIY fpay)

19 €198 510

2 4020 $900

h ]9 —— $1060

9 1179 1390

18 5450 §120 :
27 6550 7300

3 6100 7400

{)) Ram injecilon molded bare
2) Miyh Density Polyuthylens
{UCC - DMDI-2008)

) rolymopyicns {Shell 5524S)

TABIAIY,

TLEXURE STRCNGTIL OF
CHAYSOTIE_REINFORCED poRyourring
we.xagies  yoec@oa  pp® ey

19 68230 9,100
17 4210 16,400
3¢ -— 10,200
0 3300 §.2700
18 . 8,900 11,900
7 11,000 12,900
LT 11,450 13,400

{1) Ram Injaction molded hars
{2) High Density Polycthylene
(UGG -~ DMDI-1006)

{3} rolypropylane {Shell 55245)



LU

INTERFAGIAL AGTIVITY OF_0OLi 11RG_acinr!)

Addittve 2] o Vewnlde fma) 1 0y

wt. % Sticuqih Modulus L24 L pad),
None kITIN]) 112,000 493
2%  Coupling Aqgeat 2900 115,000 o
10.0% ChryLottie A2(\0 280,000 60

1% Chrysotile H
\]
2%  Coupling chm} - 6851 Sv0.000 9

(1) Uigh densaty polyethylens composites
{2} Additives compounded individually into the fluxed resin
on a twin roll miit

JABLL V.
STOS P N |
Property A 2 Al 4
Measured 40% Anthophyjiite® 40% Chrysollle‘® 40X Achestos*®®® X RGGODees
Tenstle Swength 4800 4500 4500 7110
{psitl
Flexute Strangth 800 7500 - 12,300
(psl) .
Flaxure Modulus 650,000 600,000 $50,000 - 932,000
{pst) -
o filcient of 3.8 3.0 —_— 1.9 ~
1 s l:qmm.mn
te 40 #24) .
Muhl Gininpaegy 1% t.a%x -— 0.45%
- - 0.0t 1n/tn 0.004 1n/in
Ueat Destond b
Tumpetatue (°C)
@ 66 pss 144 130 -— 150
@ 264 pst - - 58 123

¢ OQlaform 2016 - Amoco
¢ ppylona APPNIO40 « Turner Beathers Asbestos Co,
see Popathens 22/44 Black 9040~ 1
sses Couplad short {ther Clrysotlla telaforced PP Shetl 55248)
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TABLE VI
REINFORCED POLYPROFYLENE
Tensile {pel) Flexure, (psi HDT {oC)
Retoforeoment Sugength  Modulus irength  Modulys {254 psi)
27% RG144¢ (V) 5.900 450,000 10,450 580,000 87
27% G500 (U 7,300 580,000 12,550 992,000 123
30% Glass 8,100 735,000 14,000 850,000 124
10% Glass @ 14,000 800,000 24,000. 800,000 isd
(1) Polypropylene supplied by Shell (5524S)
{2) Modified polypropylone supplied by Hercules (PCOT2)
IASLE VIi .
RYSOTI N 83
Tensile (psi) flexure (paf) HOTC} Notched
trod
Reinforcement’d) Swength Modulus Siresgth Modulus (264 pw1) {ftelbs/in)
15% RG 144 12,400 728,000 22,000 754,000 181 8.%4
15% RG§90 14,000 620,000 24.800 834,000  16¢ 1.0t

{t) Nylon & supalied by Firestone (Crade 200-001) - Ram lajection molded

teat specimens,

2} Samples contain 0.]J1% polyemide stabilizers based on the resin content,

ynsyiea B

X

Sgength (pas) 11,000

Modulus & 10-3 pes) 1%
&

Strength (ps1) 8,400

Madulus Gc 1073 pag) 110

{fe-1b/in. noteh) 1.21

364 pai 74

{1} Ram injection molded bars

0 Nylon § supplied by Firestone = 200-001

3) Wotlastonits F-| gretreatsd with 1% wt, aminasilens et

(4} Stlane trested glass rainforcad nylon suppited by Firestons = {15-001 and 430-301

I X
DRY:-WET MECHANICALS FOR CYRYSOTILL/THERMOPIASTIC COMPOSITESit
Tast @) Jensily {ou)() Teasiie {pat x 1073}

Sazple Q 100°%¢
Wre % Til'er _Repin Keys) Sgengsh (B} Stre-cth (Al Mod.(8) Mod. (A}
0% aGidd 0} y €160 4030 1 58
303 5660 - ? Qo §500 307 s¢s
13% AG1ed wprel® 2 1390 1738 264 s
10% RGES0 . 2 $s10 $s60 408 TPY]
3.4 RSECO . 2 840 6360 $35 11

JARL vill
NY1ON 6 ReinrorcEMenT()

Pretreated Minere! Filiers

15% x5 400

24,800
(1)

14,000
ans

0% Wollastontta D)

16.90¢
60

1,900
834

{1] Rad tajection noldad test specimens

(3} Ta:s! icxersion In batling water

(1) P® « polyxosylens suppiied by Shall ($3248)
{4} HOPE = Hish Density Solyethylens supniied by Unaton Carblde (DMDI-7008)

10,363
438

i.850
$12

.19

15% Gless )

;“m“!(ﬂ

25,900

0

15,700

576

1.81

is9
HDT (°C)
€ 184 ol
LTS3
&2 8
8 106
1] 43
19 9
s 116
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