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ABSTRACT 

The asbestos resources in Turkey should be exploited in a 

carefully planned manner for two reasons: (1) to minimize the health 

hazards associated with the mining and processing of asbestos, and (2) 

to avoid wasteful exploitation for the sake of making profit. Its 

consumption should be optimized by using it for critical applications 

only, where its unique properties are essential. 

Turkey's asbestos resources and alternative minerals to asbestos 

should be exploited to assist in its economic development. However, 

Turkey must control the environmental and occupational hazards 

associated with the production of these commodities if it is to avoid 

the loss experience of other developed countries. 

The hazards associated with the use of asbestos in many 

noncritical applications have raised the demand for substitute materials 

which are less hazardous. Turkey is in a position of developing and 

marketing many of the substitute materials by exploiting some of its 

industrial minerals. 

vii 



1. INTRODUCTION 

Asbestos is one of the most widely used industrial minerals. It 

has found applications in over 2,000 industrial and household products. 

It was known as the silk of the mineral kingdom because of its 

appearance and its increasing new applications in the first half of this 

century. However, in the last couple of decades, asbestos has attracted 

considerable attention because of the health risks associated with it 

during mining and milling of the ore and during the manufacturing and 

end use of products containing asbestos. Due to the high mortality 

among asbestos workers and the compensation to those affected, some 

asbestos companies have had to declare bankrupcy or have had to shut 

down their operations. 

Fear of asbestos diseases or deaths has caused extreme reaction 

in Western countries, especially in the U.S.A. The Western news media 

has emphasized the health hazards and have neglected to inform the 

public of the critical role asbestos plays in some consumer products. 

As a result, the -developing countries have tended to overlook the 

beneficial utilization of asbestos in their own economic development. 

In spite of the potential health problems associated with 

asbestos, it is still in demand because of its unique properties. There 

is no other mineral possessing all the properties of asbestos and man 

has not been able to reproduce a suitable substitute for it. Asbestos 

with its excellent properties is still vital in many industries. As a 

1 
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consequence, questions are raised concerning whether the use of asbestos 

fibers should be continued or substitute fibers should be found and the 

use of asbestos banned. There are those, who feel that asbestos fibers 

are necessary in some applications such as woven products of gaskets, 

friction surfaces, clutch facing, clothing, and caulking compounds. 

Since the use for asbestos continues to exist, Turkey is in a 

position to satisfy some of the demands for asbestos. It is possible to 

handle asbestos without causing diseases and environmental pollution. 

However, this important job requires extensive planning and effective 

control. Turkey's strategy to produce asbestos must be carefully 

planned in order to overcome asbestos-related health risks and to 

optimize its utility for the critical needs only. Continuous research 

must be done to find new quality substitutes as well as to investigate 

more effective controls, more economic processes, and a suitable export 

market. Wherever suitable substitutes exist, use of asbestos must be 

avoided. 

2. OVERVIEW 

2.1. The Definition of Asbestos 

Asbestos is a generic term given to six naturally occurring 

fibrous and hydrated silicates: chrysotile (white asbestos), amosite or 

grunerlte (brown asbestos), crocidolite or riebeckite (blue asbestos), 

anthophyllite, tremolite, and actinolite. Asbestos minerals are fibrous 

like cotton (vegetable fiber) and wool or silk (animal fihor), but are 
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crystalline. There are many other naturally occurring elongated 

minerals but only a few occur in deposits suitable for commercial 

exploitation. Chrysotile is the only serpentine variety that occurs in 

deposits suitable for exploitation and accounts for more than 90 % of 

all asbestos produced in the world. The other asbestos varieties are 

the members of the amphibole group and only crocidolite and amosite have 

more commercial importance than the other amphibole varieties. The 

other amphiboles seldom have commercial importance or fibrous structure 

and possess weaker asbestos properties. 

The chemical formulae of asbestos varieties are following: [25] 

chrysotile Mg3[Si205](OH)i,., crocidolite Na2FeIl3FeIIl2 [Sig022] (°H )2 • 

amosite ( Fe, Mg^[SigC^] (0H)2> anthophyllite (Mg, Fe^[SigC^] (0H )2 < 

tremolite Ca2Mg5[Sig022](0H)2> and actinolite Ca2(Mg,Fe)5[Sia022](°H)2-

Detailed information about chrystallographic characteristics of 

asbestos varieties and identification of asbestos fibers can be obtained 

in McCrone, C. W. The Asbestos Particle Atlas, 1980. 

The definition of asbestos from a health standpoint is based on 

the fiber diameter and length. The definition of the National Institute 

for Occupational Safety and Health in the U.S.A requires that the fibers 

have a length greater than 5 microns and a length-to-diameter ratio that 

is 3:1 or greater. Any fibrous mineral meeting this criteria is often 

referred to as having an asbestiform character. These six naturally 

occurring fibrous minerals show asbestiform habits and are classified as 

asbestos. 



2.2. Geological Formation and Mineralogy of Asbestos 

Although fibrous amphibole minerals are more common than 

chrysotile, concentrated amphibole ore deposits seldom exist. Most of 

the amphibole minerals lack fibrous structure. However, chrysotile 

deposits have asbestiform habits and commercial importance. 

Sedimentary rocks, usually dolomitic limestone, and igneous 

rocks may serpentinize to form chrysotile. Amphiboles are also found in 

metamorphosed sedimantary rocks, mostly banded ironstones. 

Asbestos fiber found in ore deposits is characterized as being 

a slip fiber, cross fiber, or mass fiber. As a slip fiber, the fibers 

lie parallel to the vein in the ore. In the cross fiber classification, 

fibers lie at relative right angles to the walls of the vein. When the 

fibers in the asbestos vein have no orientation but are randomly 

distributed, the mineral is classified as a mass fiber. Generally the 

slip fiber has a lower tensile strength and a shorter length than the 

cross fiber. The occurrance of slip fibers and cross fibers in the same 

formation is also possible. Mass fibers usually appear in the amphibole 

formations. From a commercial standpoint the cross fiber orientation is 

of greater importance. 

The serpentine minerals are sheet silicates. The fiber structure 

of chrysotile results from the size mismatch of octahedral brucite, 

Mg(0H)2 and tetrahedral Si02- As a result of this mismatch, the 

chrysotile layer bends and rolls up into a hollow tube. Amphiboles are 

double chain silicates. Fibers, up to a couple of centimeters in length, 
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are bundles of fibrils which are twinned or may be a single crystal. 

Fibers have a very small diameter, generally less than 0.5 microns. [26] 

Table 1 gives a comparislon of the diameters of asbestos fibers and 

other common fibers. 

Table 1. Comparative diameters of asbestos fibers [27]. 

2.3. Properties of Asbestos 

Although alternative materials exist, none of them possesses all 

the properties of asbestos. It is the fibril structure of asbestos that 

makes it unique. The properties that make asbestos important in over 

2,000 industrial products include: 

-Good flexibility and splnnability, 

-High tensile strength, 

-Resilience, 

-Very low electric and acoustic conductivity, 

-Resistance to heat, 

-Resistance to most acids, 

-Resistance to moisture, microorganisms, and alkalies. 

Material 
Chrysotile fibril 
Chrysotile fibers 
Amphibole fibril 
Amphibole fibers 
Glass fibers 
Rock wool 
Cotton 
Wool 
Rayon, nylon 
Human hair 

Microns (0.001 mm) 
0.02-0.04 
0.75-1.50 
0.10-0.20 
1.50-4.00 

1.00-5.00 

4.00-7.00 
10 

20-28 

7-7.5 
40 
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These properties differ both among asbestos varieties and within 

each variety. Table 2 shows the physical properties of the asbestos 

minerals. The texture of chrysotile changes from silky to quite harsh; 

that of crocidolite, tremolite, and anthophyllite from soft to harsh; 

amosite may be coarse or pliable. Harsh fibers can not be compressed as 

much as soft fibers and give higher porosity to the product, in 

particular, the filter products. These properties affect the filtration 

capability of asbestos and the volume of the asbestos-based product. 

With harsh fibers, filtration is faster than with filters made from soft 

fibers. The same amount of harsh fibers give larger volume to the 

product than that of soft fibers. Chrysotile and crocidolite are 

generally smaller in diameter. Other amphiboles are thicker and less 

flexible. Flexibilty is an important property for weaving in the 

textile industry. 

Tensile strength is the most required property in many asbestos 

applications. Asbestos is used as a reinforcing fiber in many products 

such as pressure pipes, acid containers, and belts. It also gives these 

products long life, and the products are lightweight. It gives belts 

good flexibilty as well. Crocidolite and chrysotile have much higher 

tensile strength than the other asbestos varieties. At temperatures of 

150° - 250°C, the strength of amosite and chrocidolite increases. 

However at temperatures of 400° - 500°C, all amphiboles decompose and 

lose their strength. The strength of chrysotile increases with 

temperature up to 550°C, but decreases rapidly due to structural changes 

in the fibers after 550°C [20]. If an asbestos-reinforced product is 



Table 2. Physical properties of the varieties of asbestos [20]. 

Property Chrysotile Anthophyllite Amosite Crocidolite Tremolite Actinolite 

Tensile strength (kg/cm^) 31x10^ 2^x10^ 25x103 35x10^ <5x10^ <5x10^ 
Young's modulus (kg/cm^) 1.65x106 1.58x106 1.65x106 1.90x10s - -

Flexibilty Good Fair to Fair Good Brittle Fair to 
brittle brittle 

Specific gravity 2.55 2.85-3.10 3.0-3 3.37 2.90-3.20 3.00-3.20 
Hardness (mohs) 2.5-0.0 

TS
1 CO 1 
in in CO I 
in in 

0- 5.5 6 

Specific heat (kcal/g/°C) 0.266 0.210 0. 193 0.201 0.212 0.217 

Volume resistivity (Mficm ) 0.003-0.15 2.50-7.50 Up to 500 0.20-0.50 - -

Magentic susceptibilty 5.3x10-6 10.3x10~6 78.7x10-6 60.9x10-6 - -

mean X g at H = 10 kOe 

Note: Kilogram/sq. cm. = 14-.22*4- pounds/sq. in. 
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used in a high temperature environment, it loses its strength. Because 

/ 

of its resiliency, asbestos fibers are very effective in friction 

products. Resilience improves friction because the fibers swell when 

heated under pressure and take the original size again when cooled. 

Table 3 shows the effect of temperature on loss in weight of asbestos 

fibers. 

Table 3. Effect of temperature on loss in weight of asbestos fibers [27]. 

Temperature Percentage loss in weight 

(°F) for 2 hr Amosite Anthoph. Chrysotile Crocidolite Tremolite 

400 0. .23 0. , 05 0. , 30 0. , 08 0. ,0 
800 0. .98 0. . 38 2. , 17 0. ,73 0. .22 

1 ,000 1 . .16 0. ,44 3. .99 0. ,86 0. .29 

1 ,200 1 . .39 0. .54 12. .75 1 . .04 0. . 37 

1 ,400 1 . .43 0. .54 13. .43 1 , .03 0. .47 

1 ,800 1 , .53 2. .30 13, .77 0, ,77b 2, . 18 

b Iron changing by oxidation. 
Source: Rosato, D.V. Reinhold Publishing Co., New York. 

Amphiboles have better acid resistance than chrysotile. If 

there is a contact between asbestos-based product and acids in 

industrial applications such as acid containers or pipes, amphibole 

asbestos should be added to that product. If an acid needs to be 

filtered, filter may be produced with amphibole asbestos. Table 4 gives 

a comparision of asbestos minerals' solubility in acids. 
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Table 4. Solubility of asbestos minerals in 25 # acid and caustic [27]. 

% Loss in weight, refluxing 2 hj^ with 

Type HC1 CH3COOH H3PO4 H2SO^ NaOH 

Chrysotile 55. 69 23. ,  k 2  55. 18 55. .75 0. .99 
Crocidolite 38 0. ,91 k .  37 3. .69 1 . . 35 
Amosite 12. 8*t 2. .63 11 . 67 11 . . 35 6, .97 
Anthophyllite 2. ,66 0, ,60 3. 16 2 .73 1 .22 
Actinolite 20. . 31 12, ,28 20. ,19 20, . 38 9 .52 
T remolite k .  ,77 1 ,99 b .  ,99 .58 1 .80 

Results by Speil, S. 

2 . k .  Mining and Milling of Asbestos 

Asbestos deposits exist almost throughout all quarters of the 

world and are mined mostly by open-pit methods. Like all mines, the 

mining system depends on the size, shape, the degree of hardness of the 

ore and host rock, depth of the ore, and desired production rate, etc. 

Asbestos mines use the same mining methods as any stone quarry. The 

difference is in the blasting concept. In order to avoid damaging 

fibers during blasting, the least shattering effect to the ore is 

selected. The characteristics of the ore, hardness and fractures, play 

a role in choosing the type of explosive. 

Evaluation of the grade of asbestos ore is a difficult process. 

It requires that the number of veins and the relative thickness of each 

vein of a certain length of core be determined. The angle of the veins 

in the rock should be also considered in the measurement. Different 

lengths of fibers have different value. This makes the evaluation of 

the ore more difficult. Veins smaller than 1/18 in. (0.139 cm) in 
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thickness are not taken into account. It is possible that in future 

evaluations, veins as thick as 1/8 in. may be disregarded because the 

demand for short fibers is becoming less since short fibers can be more 

easily substituted by other material. Generally the value of the per 

unit asbestos ore is calculated as accurately as possible rather than 

the percentage of the grade. The percentage of the waste in asbestos 

ore may be as high as 90 # or more. [3] 

There are many factors involved in the calculation of mining 

cost that vary from one country to another. The cost of mining asbestos 

cannot be much different from that of mining other minerals. E. W. 

Sinclair gives the mean distribution of average production costs on a 

medium-sized mine in 1959 as following [3]: 

Development of mining 35 # Bags 8 $ 
Milling 20 % Overheads 6 $> 
Depreciation 12 % Transport 6 $> 
General charges 10 i >  Sorting 5 $ 

With the safety controls, total cost may be a little higher. 

However, this additional cost cannot be significant when compared with 

the total cost of a mining venture. 

Asbestos ore needs to be milled to concentrate the fibers. 

Milling is essential for the following reasons: 

-To remove impurities, 

-To release the fibers from each other (fiberization), 

-To partially dry the fibers 

-To classify the fibers according to length. 

In order to obtain good fiberization, asbestos ore should be 
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milled in the dry state. However, for the workers' health, wet milling 

is necessary to avoid producing excessive dust. 

There is no large-scale plant applying a wet milling process. 

Most of the mills apply dry pneumatic concentration methods. Dry 

milling is capable of handling large volumes of ore with relative ease 

compared to wet milling. In dry milling methods, exposure to dust is 

controlled by enclosing the screens and other dust producing devices 

with an effective exhaust ventilation system. Polluted air is 

discharged to the atmosphere after a filtering process. Some mills use 

the wet process for recovery of the short fibers only. 

In the wet milling methods, the initial crushing of ore to 

release the fiber is achieved in the same manner as in dry methods. 

However, separation of rock particle is based on the settling rate of 

the waste rock in water. The settling rate is controlled by adjusting 

the flow of water. In the process, heavier rock particles settle. 

Separation also includes cone-type classifier for tailings. Recovery of 

the asbestos fine fibers which are suspended in the water is done by 

filtration. 

For ore treatment in the dry methods, several crushers, 

grizzlies, screens, impactors, and aspirators are used. The combination 

and quantity of these devices depend on the ore characteristics. 

Before milling, asbestos ore goes through a couple of crushing 

processes. For primary crushing, two types of crushers are used. Large 

jaw crusher with the ̂ 8 X 60 in. size is the one most commonly used. 

The capacity of these crushers ranges from 5 to 500 tonnes per hour. 
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The second type is a gyratory crusher which eliminates the feeders and 

bins. Primary crusher reduces the ore into 5 to 7 in. fragments. If 

the man power is available and if the labor costs are low, hand sorting 

can be done to recover the longest fibers (no. 1 and 2) before and after 

primary crushing. After primary crushing, the ore goes'•to the vibrating 

grizzly to remove the fine material. The oversize from the grizzly goes 

to the secondary crusher which it is reduced to about 2 in. The actual 

discard of the rock starts with secondary crushing. About % of the 

rock is dumped at this stage. The secondary crusher is a cone or other 

gyratory type crusher. Magnetic pulley may be used to separate the 

fibers from the gangue if the magnetic difference between the two is 

significant. 

A minimum amount of grinding and friction or abrasive action is 

applied during the crushing process to ensure that the fibers are 

preserved. In the mill section, ore goes through several screens, 

impactors, and air separators. Vibratory screens and rotating screens 

and trommels are used for grading and dust cleaning purposes. Revolving 

trommels are effective cleaning devices for medium and long grades of 

asbestos. Impactors or fiberizers separate or open up fibers from each 

other. Impactors are generally hammer mills run at slow speeds. Fine 

crushing for recovery of short fibers with cone or hammer mills requires 

experience and practice. Before entering the air separators, fiberized 

ore should be dry, or moisture free (crystalline water inside the fiber 

structure should not be driven off to ensure that the characteristics of 

fibers are not destroyed). In all the screening processes, fine 
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particles of rock are removed so that they do not get sucked by the air 

separator along with the fibers. After the pneumatic separators, the 

grading of fibers is done by screens and specific air gravity aspirators. 

For each ton of fiber produced, 62 to 108 tonnes of air are used in air 

separators. [19, 28] 

The ends of asbestos fibers may have some impurities due to 

contact of the fibers with the host rock. These impurities may be a 

disadvantage when the fibers are used as filtration media because the 

impurities may dissolve and contaminate the filtered liquid product. 

Common trace elements are Ag, Ba, Ce, Co, Cr, Cu, Li, Mo, Nb, Mn, Ni, 

Su, Sr, Th, V, and Zr. Metal impurities come not only from crystalline 

structure of asbestos fibers, but also from fragments of the host rock, 

or additions to the surface during the various milling processes. 

2.5. Possible Exposures and Health Hazards of Asbestos 

Asbestos presents a significant health problem to those who 

mine and mill the raw materials, to those who fabricate asbestos 

containing products and to those who use the products. The hazard is 

the result of inhalation of asbestos fibers. Due to their extreme 

fine structure microscopic asbestos fibers are easily suspended in the 

air. Breathing these fibers may cause severe, progressive, and 

irreversible diseases. 

Most dust particles which enter the respiratory tract are 

removed by the cleansing mechanisms of the body in the upper and lower 

respiratory tract. The first barrier to the particles is the hair in 
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the nostrils which plays the role of a filter to remove the large fibers. 

Next the air passes through the narrow nasal passages where the fibers 

which contact the surfaces are trapped by the sticky mucous fluid. As 

the air continues into the trachea and the bronchial tree, the suspended 

fibers plate out onto the surface of the airways as a result of inertial 

forces. These fibers are propelled toward the thraot by the mucociliary 

ladder and the dust ladden mucous fluid is swallowed or expectorated. 

Only the very small fibers and a few longer fibers which remain 

suspended in the airstream continue into the alveolar sacs. 

The other cleansing mechanism is the presence of phagocytic 

cells, the macrophages, which exist in the alveolar section of the lungs. 

These cells engulf the particles as big as 15 microns and transport them 

to the bronchioles and onto the mucociliary escalator. The macrophages 

also remove some of the fibers through the alveolar membrane into the 

lympathic capillaries and lymphatic system. It is these fibers which 

remain in the lungs and cause the severe asbestos-related diseases. 

Exposure to asbestos may be occupational or para-occupational. 

Occupational exposure occurs when handling asbestos in mines, mills, 

manufacturing plants, and installing or maintaining asbestos-

containing products. Occupational exposure may also occur among non-

asbestos workers who work in the vicinity of asbestos-producing, 

manufacturing, and asbestos-based material installing jobs or among 

farmers who handle soil containing asbestos. Para-occupational exposure 

occurs to family members when workers bring home work clothing that is 

contaminated with asbestos dust. It also includes exposure in the 
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general environment such as in ambient air, water, beverages, food, or 

damaged insulation materials in buildings. [33] 

Studies of exposed personnel show that the inhalation of 

asbestos dust may lead to the following diseases: asbestosis, lung 

cancer, mesothelioma, gastrointestinal cancer, and cancer of the larynx. 

Asbestosis refers to a pneumoconiosis resulting from sufficient 

inhalation of asbestos fibers. It is a progressive and irreversible 

disease which causes the lining of the lung tissue to thicken and lose 

its elasticity. Thus, it leads to respiratory disability. It has a 

long latency period, between 20 and 30 years after the first exposure to 

airborne asbestos dust. Asbestosis cannot be diagnosed easily in its 

early stages. After advanced asbestosis, dyspnea appears and coughing 

becomes persistant. Death may occur because of pulmonary hypertension 

and cardiac failure. 

Asbestos-related cancers may be divided into mesothelioma, 

broncial carcinoma, cancer of the larynx, and gastrointestinal cancers. 

Mesothelioma is a diffuse cancer which rapidly scatters over the 

external surface of the lungs or the peritoneal membrane. Mesothelioma 

appears about 15 - 20 years after first exposure. After the diagnosis 

of mesothelioma, death may occur within 1 or 2 years. Bronchial 

carcinoma also has a long latency period (15 - 30 years). Lung cancers 

are more prevalent in asbestos workers who smoke cigarettes. The 

tobacco by-products and inhaled asbestos dust interact and increase the 

possibility of the asbestos-related cancers. The problem is 

particularly seriuous because no effective treatment for asbestos-
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related diseases is presently available. 

It is suspected that intake of asbestos through the digestive 

tract by drinking water or beverages or eating food containing asbestos 

may cause cancer in the stomach or colon. However, sufficient studies 

have not yet been carried out to confirm this suspicion. The major 

danger is the inhalation of airborne asbestos dust. 

There are many jobs requiring handling of asbestos and asbestos-

based products. Table 5 shows the potential sources of occupational 

exposure to airborne asbestos fibers. Carrying, installing, or 

maintaining loose and friable asbestos products or cutting and drilling 

Table 5. Occupational sources of potential asbestos exposure [24]. 

Industry 

Automobile repairs 

Construction 

Occupation 

Manufacturing of asbestos 
cement products, friction 
materials, insulation 
products, paper products, 
textiles 
Mining, milling, transport. 

Shipbuilding or renovation 

Brake repairman, auto mechanic, body 
repairman 

Insulation worker, spray insulator, 
carpenter, logger, painter, tile 
layer, mason, demolition worker, 
sheet metal and heating equipment 
workers, all other workers 
(plumber, welder, electrician) 

Bag opener, cutter and puncher of 
dried products, carder, spinner, 
weaver, other workers 

Driller, heavy equipment operator, 
truck driver, blender, bagger, 
packer, palletizer, car loader, 
crusher, dryer operator, lab. 
technician, foreman, laborer, 
maintenance worker, mill operator 

Sailmaker-lagger, logger, sprayer, 
mason, painter, asbestos storeman 
electrical fitter, welder, ship-
fitter, plumber, caulker, driller 
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these products increases the chances of exposure to the asbestos fibers. 

[24,33] 

3. TURKEY'S ASBESTOS AND ALTERNATIVE MINERAL POTENTIAL 

Turkey's mining industry produces a wide range of minerals, both 

for the export market and for domestic consumption, but huge potential 

resources still remain undeveloped. Exploitation of these large mineral 

reserves can greatly help the economic development of the country. 

Turkey has been mining asbestos, though only in small quantities, 

in spite of a domestic market of 30,000 tonnes per annum. Although 

sufficient asbestos reserves exist not only for local market but export 

as well, most of the asbestos consumed in Turkey is imported. Turkey 

should consider increasing its export income from minerals which was 

estimated in 1985 to be about $ 300 m. Sixty percent of this export 

income was from boron salts, ferrochrome, chromite ore and concentrates, 

in particular, the boron minerals due to their increasing usage in some 

composite materials, such as ceramics used as substitutes for asbestos 

in many applications. Turkey has, therefore, an excellent opportunity 

to increase the production of manufactured materials from minerals and 

thus increase its trade income. 

In Turkey, asbestos mineralization appears in 113 different 

locations in the 28 city territories. Of these known deposits, 73 

contain chrysotile, 39 contain tremolite and actinolite, and one 

contains crocldolite. Only 31 out of 113 deposits seem suitable to be 
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mined. Half of the geological areas which may contain asbestos have not 

yet been fully evaluated for economic potential. Thus, more asbestos 

deposits may exist in Turkey. The known asbestos reserves are 17.6 

million tonnes. This represents 16.6 m. tonnes of chrysotile and one 

million tonnes of the amphibole variety [32]. 

In addition to asbestos reserves, Turkey has substantial 

reserves of industrial minerals which may be used as alternatives for 

asbestos in various applications; these include perlite, wollastonite, 

diatomite, attapulgite, sepiolite, mica minerals, vermicullte, and other 

minerals which can be used to produce ceramic and glass fibers. Glass 

fibers are the most common alternative to asbestos and have been used 

for many years as an alternative to asbestos or in conjunction with 

asbestos. 

4-. TURKISH PUBLIC AND PRIVATE MINERAL PRODUCING COMPANIES 

Etibank is the principal company in the industrial mineral 

industry, and has participated in joint ventures with foreign investors. 

Etibank also shares its enterprises with domestic companies involved in 

mining ventures. 

Maden Tetkik Arama Enstitusu (MTA), the Mineral Research and 

Exploration Institute, is another important public agency involved with 

the mining business in Turkey. MTA searches for the economic natural 

resources of the country and tries to promote increases in the 

production of minerals. Most of the country's territory has been 
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explored by MTA, however, more exploration should be undertaken to 

characterize those unknown resources of additional economic 

mineralization. 

These two public companies have put their effort into the 

development of the country's mining industry since their establishment 

in 1935. 

In 1978, many private mines and mining industries were 

nationalized by a previous government. Because of high inflation and a 

lack of risk capital, new mining investments almost stopped. For this 

reason the new government changed the mining law in 1983 to allow 

privatisation of mineral resources and eased policies to attract foreign 

investors. While the flow of foreign investment has not yet occurred 

sufficently because foreign investors have been wary, the recent re

election of the same Party will ensure continuity of its economic 

policies and should attract investments. Thus, accelaration in the 

production of minerals is expected in the next decades as foreign 

capital is invested in Turkey. The exploitation of asbestos will get its 

share in the mining investment. To assure that this occurs, the Turkish 

government has the important duty to develop the asbestos industry in a 

way which will not create health risks and which will utilize asbestos 

only for critical applications. 

Amyant Sanayii has been producing tremolite asbestos at a rate 

of a few thousand tonnes per annum. This represents a small fraction of 

the known large asbestos reserves. Bilfer Madencilik is planning to 

enter into the production of chrysotile asbestos and will build a plant 
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in Sivas capable of producing 100,000 tpa. There are several other 

deposits in different areas and investigations are continuing by Bilfer. 

Bilfer is planning to satisfy the domestic demand of 30,000 tpa and 

export the rest of its production. It is important, however, that 

Bilfer develops an export market before the 100,000 ton output is 

realized. Etibank has not yet handled asbestos. Etibank which is the 

largest foundation in the mining industry in Turkey should put its 

effort in the exploitation of asbestos industry. 

Turkey should not only export asbestos, but should also produce 

asbestos-based materials which have steady demand. Even if Turkey can 

not obtain sufficient amount of long asbestos fibers from its own 

resources, it should import crude and high quality of long fibers from 

Canada or the South African countries. Manufactured woven asbestos 

products can help the national income and save foreign currency. 

The only asbestos-based products which Turkey has produced are 

cement pipes and sheets. Four companies produce asbestos-cement (a/c) 

pipes. Their total production capacity is 160,000 tonnes per annum. 

These companies are Superlit with 60,000 tpa, Eternit with 50,000 tpa, 

Marlit 25,000 tpa, and Dogusan with 25,000 tpa. [32] 

The Turkish companies which are producing a/c sheet stock are 

Ozgur Atermit, Superlit, Eternit, and Oralit. These companies have a 

combined production capacity of 200,000 tonnes. [32] 

Turkey has a good opportunity to export materials which can be 

used to produce substitutes for asbestos. These substitutes can be in 

the form of synthetic fibers or as asbestos free insulation alternatives. 
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Alternatives for asbestos have relatively lesser risks and their use in . 

noncritical applications reserve asbestos for critical uses. Table 6 

shows the production of industrial minerals in Turkey. Production of 

these minerals could be increased to supply the needs for the production 

of substitute fibers and insulation materials. 

Table 6. Production of industrial minerals in Turkey (tonnes) [4]. 

Commodity 1983 1984 1985 

Alunite 1 6 8 2  13,971 11,578 
Barite 78,974 198,031 166,212 
Boron minerals 702,000 895,000 1,537,000 
Clays: 

Bentonite n. a 28,093 46,855 
Kaolin 50,000 54,932 69,390 
Other n. a 71,777 168,719 

Diatomite 9,600 2, 540 3, 000 
Feldspar 9,212 10,000 20,000 
Fluorspar 2,000 2,000 2,000 
Graphite if,805 n. a n. a 
Gypsum 75,572 57,875 78,058 
Limestone 343,000 350,000 350,000 
Magnesite, crude 719,124 723,264 1,200,849 
Meerschaum (kg) 8,850 15,000 15,800 
Perlite 28,693 60,452 60,000 
Quarzite 239,201 240,000 318,450 
Sand, silicious 110,000 110,000 110,000 

Cam Elyaf Sanayii A?; a member of the Turkiye •^i'pe ve Cam group, 

with 3,600 tpa capacity is the only Turkish glass fiber producer. Cam 

Elyaf has been producing glass fiber since 1975 at Cayirova plant. [13] 

Its product goes primarily to roofing materials and laggings for heat 

insulation. 

Turkey has lightweight aggregates; perlite, pumice, and 

tuffs which can be used to produce insulation and fire retardant 
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materials that are free of asbestos. Large deposits of lightweight 

minerals were located by MTA, but these deposits have not yet been 

exploited. Etibank is the major producer of perlite and is also 

developing a tuff deposit. Other producers of perlite include: Pabalk 

Ticaret ve Perlit Sanayil A?, with 25,000 tpa; Anadolu Per-Mer 

Madencilik, with 30,000 tpa; and Perllsan, with 50,000 tpa. Turk Ytong 

Sanayii produces lightweight blocks of perlite for the building 

industry. For the local markets, Bimsta? A? and Bimsbeton A?, which are 

controlled by Maya^, produce pumice for the building industry at very 

small operations. 

Etibank and Sumerbank are the major producers of refractory 

minerals. The magnesite operations of these two companies are now 

represented by Citosan. In the private sector, Comag and Manyezit A?, a 

subsidary of Veitscher Magnesitwerke AG of Austria, produce 

refractory grade magnesite. Bilfer Madencilik, Egemetal (which also has 

a joint venture with Etibank and Bomar of the USA), Bagirpa^a Madencilik, 

Turk Maden, Dedeman Madencilik, and Hayri Ogelman all produce refractory 

grade chromite. In 1983, Turkey exported about 20,000 tonnes of 

refractory grade chromite and 98,000 tonnes of magnesite. Turkey should 

broaden its refractory mineral industry by developing special refractory 

fibers to replace asbestos. Refractory fibers are based on silicon, 

boron, alumina, and zirconia. Turkey has these minerals and should 

investigate the production of high strength alumina, zirconia, silicon 

carbide, and boron nitride fibers for high temperature environments. 

Turan Madencilik has attapulgite and sepiolite deposits in 



Eski?ehir. Export of sepiolite has been restricted due to local needs. 

Sepiolite is an important constituent in pipes such as those carrying 

natural gase. Turkey needs all its sepiolite production to finish the 

natural gas pipeline project which was arranged with the Soviet Union. 

Turkey has a developed ceramic industry and has sufficient 

ceramic raw materials. There are large deposits of feldspar, quartz, 

silica sand, and gypsum. Turkey should develop a ceramic fiber industry 

to substitute for asbestos fibers. Qanakkale Seramik and Eczaciba^i 

Seramik are the main companies in the ceramic industry. These two 

companies export about 120,000 tpa of industrial minerals and consume 

the same amount. 

Table 7 shows Turkish exports of industrial minerals. 

Development of manufacturing industries for industrial minerals is 

Table 7. Turkish exports of industrial minerals (tonnes) [6]. 

Mineral 1983 1984 1985 

Alumina n. a n. a 7, 655 
Barites 149,715 208,571 164,762 
Bentonite 5,516 8, 193 18,630 
Boron products 39,538 48,299 46,221 
Boron minerals 627,038 775,010 718,382 
Dolomite 78 203 124 
Feldspar 5, 130 1 , 183 3, 004 
Calcite, ground 3,231 4, 040 6, 337 
Kaolin 5, 572 19,202 20,134 
Fireclay and ceramic c. 55,081 57,526 23,123 
Refractory grade chromite 20,088 12,369 17,950 
Magnesite 98,009 117,517 135,207 

Perlite 3, 727 24,757 36,882 
Pumice 15 102 372 

Celestite 37,190 49,993 60,860 

Talc 769 912 1 ,429 

Abrasives 22,415 12 . 530 7,930 
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urgent to justify higher production of those minerals from mines. 

Manufactured products may yield additional export markets and national 

income. 

5. CLASSIFICATION OF ASBESTOS FIBERS 

Asbestos fibers may have very different properties even if they 

are the same variety of asbestos. Therefore, properties of asbestos 

should be identified and standardized before trading. Turkey should 

classify and standardize its own asbestos grades as soon as possible in 

order to compete in the world market. 

Asbestos is classified after it is processed according to its 

fiber length. The most important property of fibers, tensile strength, 

should be identified. Asbestos fibers that are more flexible and which 

are long and strong sell at a premium price. Every asbestos producing 

country or company has its own classification system and price relative 

to fiber quality or grades. Tables 8 and 9 show the asbestos 

classifications of some countries. Table 10 shows asbestos uses 

according to fiber grades (the fiber classification cited in this table 

is the Canadian Classsification shown in Table 9). Table 10 also 

provides an insight about the posssible markets for asbestos fiber. 

Another important characteristic considered in asbestos 

applications is the surface area, or degree of openness of the fiber. 

This is particularly important in the production of insulation and 

fillers because the higher the surface area, the more effective are its 
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insulation and filtration properties. The amount of surface area 

depends on the fiberlzation process as well as on the natural formation 

of the ore. In milling operations, the proper fiberlzation technique 

is achieved when the fibers are separated from each other without 

damaging and shortening them. 

Table 8. Various classifications of asbestos [27]. 

Type Characteristics 

African chrysotile 

From mines in the Shabani district of Rhodesia 
C and G1 Long, crude textile fiber 
C and G2 Textile fiber 
C and G3 Long shingle fiber 
C and G*f Shingle fiber 
C and G5 Short shingle fiber and paper stock 
From the Mashaba district of Rhodesia 
VRA/-2 Textile fiber 
VRA/-3 Long shingle fiber 
VRAf -Ur  Shingle fiber 

Australian chrysotile 

Grade b 2 in. and longer fibers 
Grade 3 1 in. to 2 in. fibers 
Grade 2 1/2 in. to 1 in. fibers 
Grade 1 1 in. to 1/2 in. fibers 

Russian chrysotile 

Grade Type Texture Marks 
1 Textile Hard (coagulated) J-1 
2 Long shingle Hard J-2 

Semihard P-2 
3 Shingle Hard J-3 

Semihard PJ-3 
Soft M-3 

4 Short shingle Hard J-*f 
and paper Semihard P-4 
stock Soft 

5 Paper stock Hard J-5 

1952 
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Table 9. Canadian chrysotlle asbestos classification [17]. 

Crude Asbestos 

Class 

Group No. 1 

Group No 2 

Standard Designation 
of Grade 

Crude No. 1 

Crude No. 2 

Crude run-of-
mine 

Crudes sundry 

Milled Asbestos 

Description 

Consists basically of crude 
3/4 inch staple and longer 
Consists basically of crude 
3/8 in. staple up to 3/4 in. 
Consists basically of 
unsorted crudes 

Consists of crudes other than 
above specified 

Guaranteed Minimum Shipping Test (oz) 

2 mesh 4 Mesh 10 Mesh Pan 
Group No. 3 3F 10 .5 3. . 9 1 . 3 0.3 

3K 7 .0 7, .0 1 .5 0.5 
3R 4 .0 7. .0 4.0 1 .0 
3T 2 .0 8. .0 4.0 2.0 
3Z 1 .0 9. .0 4.0 2.0 

Group No. 4 4 A 0 .0 8 .0 6.0 2.0 
4D 0 .0 7, .0 6.0 3.0 
4H 0 .0 5, .0 8.0 3.0 
4J 0 .0 5, .0 7.0 4.0 
4K 0 .0 4. .0 9.0 3.0 
4M 0 .0 .0 8.0 4.0 
4R 0 .0 3. .0 9.0 4.0 
4T 0 .0 2. .0 10.0 4.0 
4Z 0 .0 1 . ,5 9.5 5.0 

Group No. 5 5D 0 .0 0, .5 10.5 5.0 
5K 0 .0 0. .0 12.0 4.0 
5M 0 .0 0, .0 11.0 5.0 
5R 0 .0 0. .0 10.0 6.0 

Group No. 6 6D 0 .0 0. .0 7.0 9.0 
Group No. 7 7D 0 .0 0. ,0 5.0 11.0 

7F 0 .0 0. .0 4.0 12.0 
7H 0 .0 0. .0 3.0 13.0 
7K 0 .0 0. .0 2.0 14.0 
7M 0 .0 0. .0 1 .0 15.0 

7R 0 .0 0. .0 0.0 16.0 

7T 0 .0 0. .0 0.0 16.0 
7W 0 .0 0. .0 0.0 16.0 

Group No. 8 8S Under 50 lb. /Cu. ft. loose measure 

8T Under 75 lb. /Cu. ft. loose measure 

Group no. g 9T over 75 ! lb./ Cu. ft. loose measure 
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Table 10. Asbestos uses as a function of fiber grade [17]. 

Grade 
Crudes and 
Group 3 

3Z 
and 
4A 

Applications 
Belting (transmission, and conveyor) 
Blankets (fire protection) 
Boiler mattress covers 
Braided packings 
Brake blocks (woven type) 
Brake linings (woven type) 
Clothing 
Clutch facings 
Diaphragms for electrolytic cells 
Dryer felts 
Electrical insulating tapes 
Gaskets (woven type) 
Lagging cloth 
Laminated plastics 
Lap for wire insulation 
Rope and rope packings 
Tape or listings 
Theatre and decorative curtains, draperies 
Thermal insulating tapes 
Tubing or sleeving 
Turbine blankets 
Wicks, and wick packing 

Brake blocks (moulded type) 
Brake linings (moulded type) 
Calcium silicate insulation 
Compressed sheet packing (jointing) 
Gaskets (compressed packing types) 
High pressure asbestos-cement pipes 
Lithaflex (asbestos foam) 
Moulded high temperature insulation 
Special webbing, and non woven felts 
Wet dispersion asbestos threads and yarns 

ifD 
to 
6D 

Clapboard 
Hand moulded products 
Pipes (high and low pressure air ducts) 
Sheets (flat or corrugated) 
Shingles (roofing nad siding) 
Wall boards and panels 
Acoustical tiles 
Asbestos felting 
Asbestos paper for use in the fabrication 
of such article as air-cell pipe coverings 
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Table 10. (continued) 

Grades Applications 
Gaskets (asbestos paper) 
Linings (for stores, garages, electric 

4D switch boxes, and ovens) 
to Wrapping (electric wires, and hot air 
6D pipes) 

Brake blocks (moulded and extruded) 
Calcium silicate insulation 
Electrical insulating compositions 
Friction materials in general 
Millboard 
Plastic moulding compounds 
Special sheet products (such as latex 
bonded linoleum underlays) 

Sprayed acoustical insulation 
Sprayed thermal insulation (limpet) 

7D Asphalt roofing compounds 
to Asphalt pavement 
7T Boiler coverings 

Brake linings (moulded) 
Caulking and sealing compounds 
Conduit pipes 
Flooring compositions 
Friction materials in general (including 
disc brake pads. 

Grease (fiber filled) 
Hot and cold moulded products 
Insecticide carriers 
Joint cements 
Paint fillers 
Paper fillers 
Plastic fillers (PVC, polyester, and 
propylene) 

Stucco, grouting, and concrete compositions 
Thermoplastic compounds 
Tiles (asphalt, synthetic resin, and vinyl) 
Undercoatings and sound deadener 
Welding rod coatings 
Waterproofing and dampproofing compounds 

8S Asphalt paving 
to Fillers 
9T Soil conditioners (for acid soils and 

magnesium deficient soils) 
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A high aspect ratio (length to diameter) is a required property 

for fiber-reinforcement and to make asbestos suitable in many 

applications. All the other properties of a particular asbestos mineral 

should be measured carefully in the laboratory and corresponding prices 

should be fixed for each grade. Demand will be different for different 

grades and types of asbestos. 

6. SUBSTITUTES OF ASBESTOS AND POSSIBLE REPLACEMENTS IN TURKEY 

Developing synthetic fibers to replace asbestos is essential. 

Substitutes will decrease asbestos consumption and will conserve the 

asbestos resources for future needs. Substitutes for asbestos 

(which exist mostly in insulation products) will also decrease the 

health risk and should be used wherever possible. Fortunately, Turkey 

has a capability of substituting asbestos with its own mineral resources. 

It is up to the consumer to figure out what characteristics are required 

and which alternative material would provide those characteristics. 

Turkey has substantial reserves of the minerals which are used 

worldwide in search for alternatives to asbestos. Turkey, with the 

exception of glass fibers and mineral wools, has not yet been produced 

man-made mineral fibers, synthetic organic or inorganic fibers. Turkey 

has a good ceramic industry and may produce special ceramic fibers if 

the domestic or export market can be established. 

There are many kinds of ceramic fibers such as alumina, boron 

carbide, and alumina with silicon carbide. The industrialized countries 



have also been searching for new ceramic fibers which may have better 

fiber-reinforcement and heat resistance properties than those used 

currently in use. 

For carbon fiber production, deposits of graphite are known in 

the Istanbul and Izmir regions, but not much work has been done on these 

reserves. Synthetic organic fibers, such as polyprophylene, 

polyvinylalcohol, aramids, olefin, nylon, and acrylic, are derived from 

petroleum. Turkey's oil refineries and additional industries produce 

some of these organic compounds, but not for the purpose of replacement 

of asbestos uses. Turkey imports most of its oil, but has most of the 

substitutes mentioned above from other resources. It would be 

advantageous for Turkey to choose the cheaper alternatives from its own 

resources and promote national development. 

New substitutes for asbestos have been claimed by some companies 

or countries. Some have reported new alternative materials which are 

promising at competitive prices and at a quality equal to asbestos. 

Mintex has claimed an alternative friction material made of metallic and 

organic fibers. Phosphate fiber, 2CaO-Na2-3P205, produced by Monsanto, 

gives porosity and large surface area resembling asbestos fibrils. 

Since it can be dissolved by the body, it is accepted as being non-

hazardous. A company, 3M, reports that its products, Nextel 312 and 440 

ceramic fibers have a higher heat resistance than asbestos up to 1400°C. 

Nextel 312 and 440 ceramic products have fiber diameter between 7 and 13 

microns; fibers of this size are not respirable. Another new material, 

Chryophosphate was claimed in Canada to possess reduced biological 
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reactivity in comparision with chrysotile. The surface properties of 

chrysotile asbestos are changed by a phosphating process in order to 

produce chryophosphate for reduced health risk. Investigations are 

being carried out to discover new alternatives for asbestos, but only 

time will show the real characteristics of newly discovered alternative 

materials. At present, glass fibers, ceramic fibers, aramid fibers, 

and some metallic fibers seem to be the most likely substitutes for 

asbestos. Some minerals, such as perlite, vermiculite, diatomite, and 

wollastonite, are also effective substitutes, especially in thermal 

insulation and some filter products. 

Turkey should exploit minerals such as perlite, pumice, 

wollastonite, diatomite, vermiculite, attapulgite, seplolite, micas, and 

talc which can be used to replace asbestos, especially where high fiber-

reinforcement is not the principal requirement. All these minerals are 

amenable to exploitation in Turkey. Perlite and vermiculite are energy 

dependent, because a lot of heat is required in the expansion process. 

Glass fibers are the cheapest, most available among man-made mineral 

fibers and their fiber-reinforcement qualities are as good as that of 

asbestos. Turkey should strive to replace asbestos with expanded 

perlite, wollastonite, and vermiculite where low thermal conductivity 

and light bulk are the required properties; with glass fibers where 

fiber-reinforcement is required; with ceramic fibers where heat 

resistance, fiber-reinforcement, low heat conductivity, and low bulk are 

required; and with carbon fibers where high heat resistance, good fiber-

reinforcement , and especially high electric conductance are needed. 
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Asbestos should be used only where thermal resistance, fiber-

reinforcement , low thermal and electrical conductivity, and other 

properties are all required simultaneously for the same application. 

In order to choose one of these materials for a given 

application, working temperature, tensile strength, thermal conductivity, 

electrical conductivity, resistivity to alkalines and acids, flexibility 

and spinnability, resilience, lightweight, and design life of asbestos 

product and alternative materials should all be considered, along with 

cost and availability. These characteristics affect the selection of 

the material to be used and the decision whether it should be an 

asbestos-based product or any of the other materials alternative to 

asbestos. If a chosen material has excessive characteristics, which are 

more than the required application calls for, it should not be wasted. 

In other words, each material should be used to the extent that it just 

satisfies the requirments of that particular application. Turkey should 

follow such a strategy in order not to waste its precious mineral 

resources. 

Appendix A gives a detailed information about synthetic organic 

and inorganic fibers. Appendix B gives a detailed information about 

mineral substitutes for asbestos. 

7. TURKEY IN THE WORLD ASBESTOS MARKET 

Turkey has not yet been mining asbestos in sufficient quantity 

for export. However, there are some studies being carried out to open 



new asbestos mines and mills and to increase the production rate. The 

aim is to totally satisfy the local demand and also obtain a share in 

the world export market. 

Although western countries minimized asbestos production and 

consumption due to the associated health risks, eastern countries are 

increasing their asbestos production by handling asbestos safely. Table 

11 shows the asbestos production rates of the asbestos producing 

Table 11. World asbestos production 1981-1984 (tonnes) [12]. 

1981 1982 1983 198*+ 

Cyprus 25,568 18,952 17,288 7,429 
Greece 1 ,000 17,500 31,800 45,700 
Italy 137,086 116,410 139,054 147,272 
Bulgaria 400 600 700 600 
Czechoslovakia 388 342 325 
USSR* 2,105,000 2,108,000 2,250,000 2,300,000 
Turkey (a) 3,860 958 1 ,510 1 ,499 
Yugoslavia 12,206 10,748 9, 663 7, 261 
Egypt 325 424 245 *325 
Mozambique 425 852 *800 *800 
South Africa 

Amosite 56,834 43,457 40,656 33,237 
Crocidolite 102,237 87,263 87,439 88,884 
Chrysotlle 76,772 81 ,140 93,016 75,414 

Swaziland 35,264 30,145 28,287 25,832 
Zimbabwe 247,503 197,682 153,221 165,385 
Canada 1,121,845 834,249 857,504 837,982 

USA (b) 75,618 63,515 69,906 57,422 
Argentina 1 ,280 1 ,218 1 ,240 *1,250 

Brazil 138,417 145,998 158,855 136,083 

China* 106,000 110,000 160,000 160,000 

India (c) 27,521 26,908 23,613 25,097 

Japan 3, 950 4, 135 *4,000 *4,000 

Republic of Korea 14,084 15,933 12,506 8,062 

Taiwan 2, 317 2, 392 2,819 1 , 355 

Australia 45,494 18,587 3, 909 -

* Estimate, (a) Data from mineral yearbook, 1985, (b) Sold or 
used by producers, (c) Amphibole. 
Source: Biritish Geological Survey, World Mineral Statistics. 
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countries. Asbestos consumption decreased in the western countries, 

especially in the USA, because of the growing awareness of the diseases 

associated with asbestos. Total U.S asbestos consumption has decreased 

28 % since 1977 [3]. The difference in the standard of living in the 

western countries is another important factor which contributes to the 

decreased consumption in the West. In the East and developing 

countries, the choice was made to continue producing asbestos and 

asbestos products; this is done by observing safety precautions and 

using dust control techniques. Some countries, such as Italy and 

Greece, opened new asbestos mines and built new mills. Total world 

production of asbestos increased to over 5 m. tonnes while the 

production of alternatives to asbestos has also been increasing. Some 

companies have found alternatives risky due to their unkonwn properties 

and prefer to use asbestos. Some alternatives have not been studied in 

sufficient detailed as yet. 

The developed countries, such as the UK, Germany, and Japan, 

import asbestos in large quantities. Economic development of countries 

has brought about a high asbestos consumption due to the various 

engineering products requiring asbestos. In fact, because of the many 

industrial uses of asbestos, the high consumption of asbestos or its 

substitutes could be a measure showing the degree of a country's 

development. The developed countries will, therefore, be the primary 

markets for asbestos producing countries. 

Turkey is preparing to join the European Economic Community 

(EEC). After being a member of the EEC, Turkey may have an equal share 



35 

with Italy and Greece in the British, German, French, and Japanese 

markets (See tables 12 and 13). Turkey is also planning to establish an 

export market to the Middle Eastern and North African countries. It is 

felt that after the war between Iran and Iraq, a huge asbestos market 

will appear in these countries to rebuild their industries and damaged 

cities. Turkey, as the closest neighbor to these two countries, will 

have a better chance to establish its export market to these countries. 

Turkey also has good economic relationships with North African countries 

and may export its excess asbestos production to these countries. 

Table 12. Leading asbestos exporters 1984 [12]. 

Country Tonnes 
Canada 795,853 
USSR *258,300 
South Africa 191,480 
Zimbabwe a161,088 
Italy 57,660 
USA 39,919 
Greece 34,740 
Swaziland 24,673 

a 1983 figure * Estimate 

The USSR is the leading asbestos producer with about 2.3 million 

tonnes per year and its production is still going up. Turkey has been 

importing asbestos from the USSR, Canada and South Africa. This 

neighbor to the north (USSR) is selling asbestos mostly to East Bloc 

countries. These asbestos markets will, therefore, not be available to 

Turkey's asbestos export due to the magnitute of USSR's asbestos 

deposits and production. 

Although the production of asbestos and asbestos-based products 
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Table 13. Leading asbestos importers 1984 (tonnes) [12]. 

Japan 239,747 
USA 209,963 
West Germany 102,362 
France 70,170 
Poland 69,361 
Thailand 66,645 
Republic of Korea 59,693 
East Germany 53,800 
Spain 47,472 

is increasing, the production rates of substitutes for asbestos are also 

increasing in the world. Turkey should also find export markets for the 

alternative materials in both asbestos-based products and final products. 

With the increasing population, development and industrialization in the 

world, the demand of industrial minerals are increasing. Some of the 

industrial mineral markets affect each other and should be thought of 

together, because these minerals may also be used in the same 

conjunction. Asbestos is used mostly as a primary component in various 

products. Sometimes asbestos is mixed with other fibrous materials to 

give the quality required in a product. 

Turkey has been producing asbestos-cement pipes and sheets (flat 

or corrugated) as manufactured asbestos products. Table 14 shows the 

asbestos-cement product export of Turkey. Turkey imported the other 

asbestos-based products from the U.S.A. (350 tonnes in 1984 and 544 

tonnes in 1985) [31]. Basic studies must be carried out for the 

development of asbestos industries and the establishment of their export 

markets. At the same time, safe working environments and effective 

health controls in the working environments must be ensured. 
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Table 14. Turkey's export of asbestos cement products (kilogram) [32]. 

Product 1985 1984 1985 

a/c pipe 10,778,125 2,778,694 2,851,403 

a/c sheet 9,657,653 10,760,337 8,376,235 

In the asbestos trade, the quality or grade of asbestos is an 

important factor. Longer fibers will always be in demand. Only South 

Africa exploits high quality amosite and crocidolite varieties and keeps 

these varieties in full supply in the entire world. 

Because of the stricter laws and proposals for asbestos in the 

Western countries, asbestos demand has changed significantly. In some 

uses, such as friction products, coatings and compounds, asbestos 

consumption has not decreased. However, in some uses such as a/c sheets 

and insulation products, a decrease has been noted. The U.S.A is a good 

example of this situation. However, in general, the world asbestos 

trade has not regressed, probably due to the increasing world population 

and the increasing consumption of the manufactured asbestos products. 

This is especially true in the East and developing countries. 

Most of the alternatives to asbestos also have potential health 

risks and, like asbestos, should require protection and safety controls. 

The risks do not appear to be as severe as with asbestos. The health 

risk is also minimized because the alternatives can not be used in all 

applications where asbestos is used. This is another reason why the 

asbestos market will not regress. 

Strict laws by legislators for safe working environments will 
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increase the cost of asbestos production and the price of asbestos-based 

products. Because of this, a maximum permissible level of exposure 

for airborne asbestos dust and other protective standards in work places 

should be fixed properly so that neither workers' health, nor asbestos 

industries is affected adversely. 

8. PROTECTIONS AND CONTROLS WHICH TURKEY SHOULD FOLLOW 

8.1. The Establishment of Threshold Limit Values for Asbestos 

Turkey should determine and set its own permissible level for 

exposure to asbestos fibers in the asbestos workplaces. Because of the 

difficulty of accurate assessment of the concentration of fibers in the 

air, it is difficult to determine the acceptable amount of fibers which 

will not harm the exposed workers. Counting all the dust particle in 

the working environment may not be the most representative means of risk 

assessment since only fibers are of interest. Counting fibers over 5 

microns in length with length-to-diameter ratio equal to or greater than 

3 will be correct because the mechanisms of the upper respiratory system 

is capable of trapping and removing the larger fibers. The fibers having 

a diameter less than 0.2 microns can only be seen by an electron 

microscope. Others, which are having diameters larger than 0.2 microns, 

can be counted by an optical microscope. Thin and long asbestos fibers 

are the most hazardous because they can be easily inhaled and can not be 

removed by macrophages. Also, different fibers and hazardous dust of 
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different minerals may interact and affect the human body differently. 

There are many other factors that make the establishment of the 

threshold limit value difficult, eg. working habits, cigarette smoking, 

strenuous work, intensity of exposure, duration of exposure, and the 

long latency period of the asbestos diseases. Most of the TLV's 

established for asbestos in many countries are based on animal 

experiments. Lack of human data is the main barrier. [2, 17] 

For different varieties of asbestos, different maximum 

permissible levels should be established. According to extensive 

studies amphibole asbestos fibers are more hazardous in mesothelioma 

development. Chrysotile fibers tend to have a curly structure and their 

penetration into the lungs is more difficult than the amphiboles. 

Crocidolite and chrysotile are thinner than the other types of asbestos. 

Chrysotile can be dissolved with relative ease due to its higher water 

content and higher susceptibility to acids in comparision with 

amphiboles. 

The asbestos content is much lower in asbestos cement and 

insulation products (15 to 25 $) compared with asbestos textiles. Table 

15 shows the asbestos contents of the main asbestos products. Since 

asbestos textile workers handle one hundred-percent asbestos content, 

stricter protection and controls are necessary in the asbestos textile 

industry. As a result, different controls and protection measures 

should be provided for different asbestos processes. 

Because of the serious diseases associated with asbestos dust, 

effective controls and protection methods and their provision have 
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Table 15. Asbestos contents in asbestos products [33]. 

Asbestos Aprox. asbestos Asbestos fiber 
product content # type 

1. Asbestos-cement (a/c) 
building products 10-15 c, a, cr 

2. A/c pressure, sewage and 
drainage pipes 12-15 c, cr, a 

3. Fire-resistant insulation 
boards 25-40 a, c 

4. Insulating products 
including spray 12 -100 a, c, cr 

5. Jointings and packings 25 - 85 c, cr 
6. Friction materials 15 - 70 c 
7. Textile products not 

included in (6) 65 -100 c, cr 
8. Floor tiles and sheets 5 - 7.5 c 
9. Moulded plastics and 

battery boxes 55 - 70 c, cr 
10.Fillers and reinforcements 

and products made thereof.... 25-98 c, cr 

a : Amosite, c : Chrysotile, cr: Crocidolite 

become very significant in the asbestos producing, manufacturing or 

asbestos-based product consuming countries. Turkey should consider the 

experience of these countries and carry out essential precautions and 

controls for its asbestos workers and for the environment. The target 

should always be to minimize the possible exposure. 

8.2. Controls 

The most effective way to avoid the dust is not to create it. 

Generally, this is not possible when handling asbestos and asbestos-

based materials because asbestos is easily friable or broken into very 

small particles by mechanical action. Asbestos dust needs not be 



visible in order to be considered hazardous. In fact, the invisible 

particles are more hazardous because these are easily inhaled and 

deposited in the alveoli. As a result of this, controls should be 

provided to reduce or eliminate the presence of airborne asbestos fibers 

or protect the workers from exposure. Exposure can be controlled by the 

use of one or more of the following measures: respirators and protective 

clothing, engineering techniques and substitution. 

8.2.1. Respirators and Protective Clothing 

The use of pressure demand and continuous-flow type respirators 

appear to be the most desirable, although respirators used for nuisance 

dust have been used extensively in many countries. Correctly fitting 

the respirator facepiece to the worker may be a problem because there 

are various facial configurations and a limited selection of respirator 

mask sizes. Face masks should be properly fitted and sealed to prevent 

entry of the dust laden air around the periphery of the facepiece. The 

worker's comfort and ease in breathing are equally important because 

these affect the worker's efficiency and and willingness to wear the 

respirator. Being uncomfortable may make workers unwilling to use face 

masks. This behavior can be avoided by education and enforcement. The 

effects of temperature, moisture, visibility, and physical motion should 

also be considered when selecting respiratory devices. Demand-type 

compressed air devices require a negative pressure in the facepieces 

(which may allow polluted air to enter into the facepiece if there is a 

hole or facepiece seal leak). Pressure-demand and continuous-flow units 
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are, therefore, more desirable. Self actuating warning or alarm devices 

may be advisable for pressure demand devices to warn the user when the 

air supply is low. Respirators should be selected based upon the fiber 

concentration in the work area. Table 16 gives the required respirators 

for different fiber concentrations. [22,36] 

Table 16. Respirator selections according to the airborne asbestos 
fiber concentration [36]. 

Airborne concentration of Required respirators 
asbestos (fiber per cu. . cm) 

0.2 f/cc - 2 f/cc . Half-mask air-purifying respira
tor equipped with high efficien
cy filters. 

2 f/cc - 10 f/cc . Full facepiece air-purifying res
pirator equipped with high-effi-
ciency filters. 

10 f/cc -- 20 f/cc . Any powered air-purifying respi
rator equipped with high-effici-
ciency filters. 

. Any supplied-air respirator ope
rated in continuous flow mode. 

20 f/cc -- 200 f/cc . Full facepiece supplied-air res
pirator operated in pressure de
mand mode. 

> 200 f/cc . Full facepiece supplied-air res
pirator operated in pressure de
mand mode equipped with an auxi
liary positive pressure self-
contained breathing apparatus. 

Note: 0.2 f/cc is the permissible exposure level for all 
asbestos types in the USA. 

Respirators should be used only if adequate control cannot be 

attained by engineering controls. The controls should be designed to 

reduce the emission of the asbestos dust throughout the workers' 

breathing zone as much as possible. These engineering controls may 
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involve wetting the asbestos in process, isolating the process, and/or 

the application of exhaust ventilation with enclosures and hoods. If 

engineering controls are not sufficient to provide a harmless working 

atmosphere, effective respirators must be used. High-efficiency 

particulate air (HEPA) filters, which are capable of trapping and 

retaining at least 99.97 percent of fibers having a diameter greater 

than 0.3 micrometers should be used in respirators [36]. However, 

the respirator having this filter may not protect the worker from 

asbestos dust at the same efficient ratio because it may not provide a 

good face fit and comfort. Workers may be exposed to asbestos in 

different areas of the working environment or time out of shift when he 

or she does not use the respirator. Thus, other protections are 

required. 

Protective clothing should be provided to workers who may be 

exposed to airborne asbestos fibers in their workplaces. Coveralls must 

be one piece suit made of a synthetic material which can be easily 

cleaned and which does not trap the fibers in the weave. Protective 

clothing isolates the worker's body from the external work environment, 

thus it should be tight fitting around the neck, wrists and ankles. 

Head coverings, footwear and gloves must also be provided and selected 

carefully. The laundering of workers' clothes in their homes should be 

prohibited so as to avoid transmitting asbestos fibers to the family's 

clothing and cause exposure and possible asbestos-related diseases. 

Therefore, laundering machines and showers should he provided at the 

workplace and changing clothes and taking a shower should be considered 
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part of the work shift. 

Turkey should make regulations similar to the U.S. Federal 

Regulations. When airborne concentration of asbestos fibers exceeds a 

permissible level, the U.S. Federal Regulations require workers to wear 

"special clothing" and to transport contaminated garments in sealed, 

impermeable bags or containers. [22,29,36] 

These fibrous man-made clothes also protect workers from 

excessive heat in industrial environments. These asbestos-free fiber 

clothes may be made from carbon, glass fibers or organic fibers. 

8.2.2. Engineering Controls 

Application of local exhaust ventilation is the most important 

engineering control because it captures the airborne asbestos fibers as 

near as possible to the dust producing process. Local exhaust 

ventilation devices consist of capture hoods, booths, and enclosures. 

An adequate filtration system must be added to the exhaust ventilation 

system to avoid discharging asbestos fibers to the atmosphere. 

Dilution ventilation is another engineering control method. 

Dilution ventilation supplies fresh air and decreases the concentration 

of airborne dust in the working environment. In conjunction with local 

ventilation, dilution ventilation provides the whole work area with 

fresh air. Dilution ventilation is a supplemental engineering method 

for asbestos dust control in asbestos mines, mills, and manufacturing 

industries. This ventilation includes large quantities of air. Regular 

maintenance of the ventilation system is necessary. The combined use of 
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both ventilation methods is more beneficial. 

Wet methods should be chosen instead of dry methods to suppress 

asbestos dust as much as possible while handling asbestos in the mine, 

mill, and manufacturing plants. Wet drilling, wet ore handling, wet 

fiber processing, wet extrusion, closed wet mixing, wet machining and 

cutting, wet installation, wet stripping or asbestos removal will reduce 

dust. 

Polluted air must not be released to the atmoshphere. 

Electrostatic precipitators can be used jointly with cyclone particulate 

separating units, wet-type particulate devices, settling chambers, 

baffle chambers, and scrubbers as a dust control system. Mechanical 

filters (cotton, wool, nylon, orlon, glass fiber, or teflon tubes in a 

baghouse chamber, with shake, reverse jet, collapse, or air pulse 

filter bags, cleaning or mechanical rapping of flat filter bags mounted 

on wire frames) can be used as a part of a dust collection system [22]. 

Before the final discharge of the polluted air, HEPA filters should be 

used to capture the fine asbestos fibers. 

Isolation of the process is another engineering control measure 

but may be very expensive. Isolation consists of enclosing the process 

to keep the worker away from the process or providing control booths for 

the worker so that he does not go out into the process area. The worker 

can also be isolated by using some automatic processes, such as remote 

control bag unloaders or applicators. 

Asbestos fibers can be encapsulated or treated with acrylic 

resins to reduce airborne counts. A neoprene coating can be added to 



46 

the product as an added measure of protection against releasing airborne 

fibers. Some forms of locked-in asbestos can be released into the 

atmosphere in a harmless form [22]. 

Asbestos should be packaged in airtight containers after milling 

or fiberization process. Fiberized and classified asbestos fibers 

should be stored and transported inside airtight bags. Double bagging 

of the fibers is more effective. Friable asbestos-based products such 

as asbestos textile products should also be bagged in the same manner. 

Asbestos-containing products have to be labelled by displaying warning 

signs or a graphical symbol. Caution signs should be posted in the work 

environment to warn against asbestos dust and should be displayed in 

conspicuous locations in the workplaces. 

8.2.3. Education and Good Housekeeping 

Asbestos workers should be aware of the hazards of asbestos 

because their health is at risk. All workers who may be exposed to 

asbestos should be informed in detail about any possible danger 

associated with asbestos and procedures which they should follow to 

effectively protect themselves. Employee training or education is a 

very important and effective part of control against exposure to 

asbestos. 

Good houskeeping is very necessary in the asbestos workplace. 

Some workers should be assigned just to clean the work area with the use 

of HEPA vacuum cleaning devices during the entire shift. The surface of 

the floors in asbestos work places should be flat and smooth for easy 
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cleaning and effective vacuuming. 

8.2.4. Substitution 

Whenever possible non-asbestos fibers should be used instead of 

asbestos. This will provide asssurances against asbestos-related health 

problems. However, some substitutes have not been studied to determine 

whether they too may pose a health risk. The biological effects of some 

synthetic organic fibers are not yet known or understood. Some of the 

substitutes to consider include: glass fibers, mineral wools, carbon 

fibers, ceramic fibers, and synthetic organic fibers. 

The health risk of fibrosis from glass fibers (which have been 

the most common substitute for asbestos for many years) have been 

known since 1960. There also appears to be some risk of lung cancer 

associated with glass fibers. However, carcinogenicity is greater with 

mineral wools than with glass fibers. Some other synthetic inorganic 

fibers may be hazardous because of their small fiber diameters. 

[2,14.15] 

Most of the substitutes require the same precautions and 

controls as asbestos. However, to replace asbestos with a subsitute 

having lesser risk and to lessen the content of asbestos in a product 

with a substitute having lesser risk should be another alternative to 

the precautions and controls cited. 

Some companies in major asbestos manufacturing and consuming 

countries have been working on new substitutes which do not threaten 

human health. It is claimed that these substitute materials possess 
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better properties than those of asbestos at a cost which is competitive 

with asbestos. Turkey must start investigations of safety and quality 

of substitutes while developing its production and manufacturing 

activities to increase asbestos production. 

8.2.5. Other Considerations 

Asbestos has found most of its applications in the construction 

industry. This consumption has decreased in western countries due to 

increasingly stricter laws to control exposure to the fibers. In the 

U.S.A., hundreds of million of dollars have been spent for asbestos 

abatement in public buildings. More information may be obtained from 

Dewees, D. N., Controlling Asbestos in Buildings, 1986. Turkey must 

avoid using asbestos in public buildings. With good maintenance of 

existing asbestos containing materials, the risk of exposure of the 

occupants can be reduced. The most severe exposure will occur when 

buildings are renovated or demolished. 

Dump areas in mines and mills must be chosen carefully so that 

the waste material can be buried and the use of the site is protected 

against future disturbance. Dump areas must also be far from 

residential areas and should be fenced to limit access by the public. 

Transportation of asbestos or asbestos-based products is also an 

important consideration. Asbestos or asbestos-containing products must 

be double bagged. Vehicles transporting asbestos must be covered in 

order to keep the wind from blowing the asbestos along the transport 

routes. 
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Asbestos should only be used where there is no alternative to 

escape from using it. Some applications in which there is no suitable 

substitute still exist. In some applications, such as insulating 

products, there are many alternatives having lesser risk. Asbestos 

should not be used for just simple heat insulation and decorative 

purposes. 

Medical examinations, including a chest X-ray, for the personnel 

should be made once a year or every two years. Regular monitoring of 

exposure levels in the work areas is essential in order to evaluate the 

potential exposure and to take extra precautions or to evacuate the 

workers from the vicinity of excessive asbestos dust sources. All 

medical and exposure records for each worker should be kept for the life 

of the worker. From these records, special charts or questionaires 

should be prepared to assess the risk of developing a disease. These 

records would help to protect the workers and in correct assessment of 

permissible levels so that necessary and appropriate controls could be 

taken on time. 

9. CONCLUSIONS 

Turkey needs to manufacture and consume asbestos and asbestos 

products for its industrial development. It is not a rich enough 

country to overlook the exploitation of its asbestos reserves. However, 

Turkey should not make the mistake of polluting the environment and 

creating an unhealthy or short lived nation due to severe environmental 



or occupational exposures. 

Turkey's energy depends primarly on imported oil, besides 

hydroelectric and thermal energy. This makes energy conservation very 

important. Therefore, the insulating property of asbestos or its 

substitutes are essential in energy conservation. In some specific 

applications, asbestos may be favored and used, but efective safety 

controls and precautions must be provided. In woven products, such as 

belting (transmission and conveyor), brake linings, clothing, clutch 

facings, and gaskets, asbestos fibers are still desired over 

alternatives. The selection of asbestos products becomes stronger when 

the other properties of asbestos such as acid resistance, heat 

resistance, and longer design life are also a requirement in the product. 

When a consumer is contemplating buying an insulating product, 

the selection should depend on the type of location and the human 

occupancy where the product will be installed or used. Woven long 

fibers of asbestos will certainly be in demand where fiber reinforcement 

with flexibility (for example in belts for transmission or conveyors) 

is a priorty. If fiber-reinforced product is to be used at high 

temperatures (up to 600°C) or as an acid container in industry, asbestos 

fibers would give the best result with long design life. Depending upon 

the environmental conditions, the proportion of asbestos types may vary 

in the mixture of the product. For example, in order to prevent acid 

attact in asbestos pressure pipes, the proportion of the crocidolite 

should be kept high. Crocidolite also gives sufficient fiber-

reinforcement . Besides good fiber reinforcement, asbestos prevents 
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deterioration of the product and extends its useful life. In 

specialized purposes such as in space vehicles and in defense purposes 

where higher tensile strength than asbestos's is required, carbon fibers 

may replace asbestos (even though they are much more expensive than 

asbestos). Carbon fibers also work well in high temperature conditions. 

Choosing the material in a strategy, which just gives the 

required characteristics, affects the demand for the different varieties 

and quality of asbestos differently. Very short fibers (grades 8 or 9 

in the Canadian classification, see table 14) will lose their demand as 

fillers in asphalt paving, ceramics, or plastics. Asbestos will also 

lose its demand in insulating products, such as asbestos sheets, because 

alternatives are becoming available for this purpose. However, in 

extraordinary conditions where other properties of asbestos such as 

fiber reinforcement, chemical resistance, and fire retardance in 

insulation product are needed, asbestos use seems inevitable. These 

special situations are fewer than regular insulation uses. Therefore, 

asbestos demand In Insulating products is expected to decrease. 

Asbestos-based products can be easily shaped to desired 

configurations. For this reason, asbestos has historically been used 

for decorative purposes in buildings; this is a wasteful application 

and poses an unnecessary hazard in the building. 

Development of an asbestos industry will also help Turkey in 

solving the country's high unemployment problem. A high rate of 

population increase in Turkey has made the unemployment problem one of 

its biggest economic problems. Asbestos exploitation will create jobs 
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and lessen this problem. 

Asbestos use is indispensable in some applications due to its 

desired properties. It is a material that man has not been able to 

reproduce. Asbestos reserves or supply will not last forever due to the 

limit of its availability. Alternatives for asbestos should be used not 

only for this reason,but to reduce health risks as well. Turkey should, 

whenever possible, replace asbestos with alternatives from its own 

sources and search for new alternatives possessing good properties 

without health risk. 

Every enterprise has risks, but they can be reduced or 

eliminated by proper controls. Health risk is the most important risk 

and, concern for its control must come before the economic concern. 

However, economic development also makes much sense in human and 

national terms. Therefore, Turkey should exploit the asbestos industry 

by giving a promise of maintaining the natural beauty and the national 

health and establish a sufficient export market. Controls and 

protections must be implemented on time and properly, while handling 

asbestos, otherwise it is better to leave the asbestos unexploited. The 

government should also establish an agency to protect workers and the 

environment against asbestos and other hazardous materials. It must 

discourage employers who think only of the economic side of the 

situation. 
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A.1. Glass Fibers 

Glass fibers and asbestos have similar properties, such as 

tensile strength and resistance to acids, but glass fibers lack 

noncombustlbility. Glass fibers melt and lose weight at temperatures of 

600° to 650°C. However, asbestos does not melt below 1000°C. Cloth made 

of glass fibers is not as effective in protecting against open flames 

and molten metal splashes. Turkey should produce glass fibers that are 

alkali resistant as a reinforcing agent to replace asbestos. AR (alkali 

resistant) glass fiber has a greater impact strength than asbestos. AR 

glass can be used as a substitute for asbestos in asbestos-cement 

pressure pipes and moulded pipe products. AR glass is more expensive 

than other glass fibers because it contains zirconia, titania, or thoria 

for its alkali resistance. ( See table A.I for typical glass batches.) 

Turkey also has these expensive minerals. Continuous filament glass 

fibers may be used instead of asbestos-based textiles. Continuous 

Table A.I. Typical glass composition for continuous filament 
manufacture (%) [13]. 

E A C AR S R 

S102 54.5 72.0 65. 0 61 .0 65. ,0 65-66 

A1203 14.0 2.0 3. ,5 25. .0 4-5 
CaO 21 .5 10.5 14 . 0 5.0 13-14 
MgO 1.0 1.0 3. ,0 10. .0 2-3 
Na20, K20 0.8 14.0 9. ,0 17.0 8-9 
b2°3 7.0 5. .0 5-5.5 

f2 0.4 
Fe203 0.3 0.3 0. .5 0.3 
Ti02 0.5 6.5 
Zr02 10.0 
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filament glass fibers are classified as A (soda lime glass), E 

(electrical type borosilicate glass), and C (chemical resistant glass). 

Turkey produces mostly E glass. It should also establish other 

continuous filament glass fiber markets. [13,15] 

A.2. Rock Wool and Glass Wool 

Rock wool is obtained from a mixture containing basalt or 

diabase, a limestone or dolomite flux, and a combustible material such 

as coke. In glass wool, the constraints on the raw materials are much 

more stringent while its manufacturing is similar to that of rock wool. 

Rock wool and glass wool have been used throughout the world for many 

years in thermal insulation products. Their insulation efficiency is 

similar to that of asbestos. Their availability is similar to asbestos, 

but their production rate in Turkey, like asbestos, is low. 

Where high temperature applications up to 1000°C are required, rock 

wool should be chosen. However, rock wool is heavy and can be used only 

in industrial applications. Glass wool respectively has lower density 

and can be used as thermal insulator in some applications, such as air-

conditioning systems, where a high temperature environment does not 

exist. [13] 

A.3. Carbon Fibers 

Carbon fibers are thermally stable at high temperatures, up to 

3,000°C. Their tensile strength is as good as, or greater than asbestos. 

They are electrically conductive, a property that is different from 
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asbestos. These fibers may be useful in different applications such as 

electrodes in high temperature furnaces. Turkey may manufacture 

graphite as an alternative to asbestos, but it is very costly, about 

thirty times more expensive than asbestos, and is not readily available. 

Graphite fibers may only be used in special applications such as in 

space vehicles because of its low availability and very high cost. [15] 

Carbon fibers find many uses in the production of special 

composite materials due to their high tensile strength and stiffness. 

The world's largest composite structures, the space shuttle's solid-fuel 

rockets, have carbon-fiber-reinforced motor casings [10]. Table A.2 

shows the physical properties of several carbon/graphite fibers. 

Table A.2. Properties of several carbon/graphite fibers [10]. 

Celion Grafil 
T-3000 3000 AS-1 AS-6 IM-6 XA-S 

Specific gravity 1 .77 1 .77 1 .80 1 .82 1 .74 1 .79 
Tensile strength (103 psi) 470 515 450 600 620 450 
Tensile modulus (106 psi) 33.5 34.0 33.0 35.3 42.0 34.0 
Elongation ($) 1 .50 1 .50 1 . 32 1 . 65 1 .60 1 . 31 

Manufacturers: T-3000 from Union Carbide, Celion 3000 from CCF, Inc, 
Grafil XA-S from Hysol Grafil Co., and others from 
Hercules Inc. 

A.4. Ceramic Fibers 

Ceramic metarials are diverse and developing rapidly. Ceramics 

may not only be used as substitutes for asbestos, but as replacements 

for some metals. Ceramics have different properties than asbestos, such 

as higher hardness and stiffness, and a low thermal expansion 
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coefficient. Ceramic components may be used both as heat insulating and 

heat conducting materials. Ceramics have both electrically insulating 

and semiconducting behavior. [9] 

Ceramic fibers have good properties: excellent high temperature 

characteristics, hardness, stiffness, corrosion resistance, and 

lightweight, but also have some disadvantages: brittleness and high 

cost. After the application of ceramics in aerospace, reliability of 

ceramics due to the property of brittleness has become more important. 

Thus, the development of ceramic composites, which are metal matrix or 

resin composites produced from a ceramic matrix with continuous ceramic 

fibers as reinforcements, has become significant. [21] 

Porcelain (aluminium silicate) was the first engineered ceramic. 

The other silicate ceramics which have high electrical resistivity, high 

strength, and thermal shock resistance are steatite (magnesium silicate) 

and cordlerite (magnesium aluminium silicate). Alumina is an oxide 

ceramic used in spark plug insulators and in electronic packages. If a 

high level of thermal conductivity is needed, Beryllia (sintered 

beryllium oxide) is also used in electronics. Barium titanite is another 

choice of oxide ceramics. For tougher and higher temperature 

applications, other ceramic compounds have been developed. Alumina with 

silicon carbide has higher strength than asbestos. Boron carbide is the*., 

best ceramic armor for defense purposes and much lighter than alumina. 

Ceramics have a wide range of application including electronics 

and bone replacements in surgical applications. Ceramic fibers may 

give the characteristics required in some applications of asbestos. 
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However, due to some of the different properties, ceramics have found 

many other application areas. The ceramic industry's development may be 

expected to be much greater than that of asbestos in the future. 

Extensive research has been done by scientists on new ceramic materials 

such as: copper alumlnosilicate glasses for use as a composite of glass 

ceramics and lithium aluminosilicate glass-ceramic fibers. 

There are many choices in ceramic selection for industrial 

applications. Turkey may improve its ceramic industry and find its own 

brand by working on new ceramics and ceramic fibers. [9,16,21] 

A.5. Metallic Fibers 

Turkey is among the world's top twenty steel producers and may 

derive both carbon steel and stainless steel fibers from steel. 

The strength-to-weight ratio of steel is low. Where lightweight is an 

important requirement such as in mobile machines, automobiles, boats, 

and sporting goods, metallic fibers for reinforcement cannot be applied. 

They also have a higher cost, several times that of asbestos. Other 

metallic fibers derived from beryllium, molybdenum or tungsten could 

only be used in the most specialised applications due to their high 

cost. Metallic fibers have been mostly used in some friction materials. 

However, metallic pads are abrasive and noisier than asbestos. [15] 

See Table A.3 for the properties of some major inorganic 

reinforcements. 



Table A.3. Properties of some major inorganic reinforcements [10]. 

E-Glass S-Glass 

Fused 

Silica Alumina Boron 
Silicon 
Carbide 

Alumina-
Silica 

Specific Gravity 2.54 2.49 2.20 3.90 2.58 - 2.73 

Tensile Strength (103 psi 500 665 500 200 510 470 250 

Tensile Modulus (106 psi) 10.5 12.5 10.0 35.0 58.0 29.0 15.0 

Elongation (%) 4.8 5.4 - - 0.9 1 .5 -

Coef. of Therm. Exp.(10 /°F) 2.8 1 .6 0.3 — 2.5 1.7 ~~ 

Note: Pounds/sq. in. = 0.0703 kilogram/sq. cm. 

Ui 
vo 
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A.6. Synthetic Organic Fibers 

Synthetic organic fibers are alternatives to asbestos and are 

generally used in fiber-reinforced cement, heat resistant textiles, 

friction materials, packings, and subsequently in building materials and 

packings, and jointings. Aramid fibers are high performance synthetic 

organic fibers. There are about twenty types of aramid fibers under 

different names given by producers such as Kevlar and Nomex from DuPont, 

Conex from Teijin, and Arenka from Akzo [15]. Synthetic organic fibers 

have advantages in some, but not other alternatives of asbestos. Table 

11 shows the properties of some organic fibers. 

Table A.4. Properties of some organic fibers [10]. 

Kevlar Spectra PEEK PPS 
29 49 900 1000 WOX-4 HPA-01 

Specific gravity 1.44 1.44 0.97 0.97 1.305 1.396 
Tensile strength (103 psi) 525 525 375 450 75.1 42.8 
Tensile modulus (10® psi) 9 18 17 27 
Elongation (#) 4.0 2.5 3.5 2.7 20 33 

Manufacturers: Kevlar from DuPond Co, Spectra from Allied Fibers, and 
PEEK WOX-4 and PPS HPA-01 from Shakespeare Fiber Dlv. 
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B.1. Perlite, Vermiculite, Pumice, and Tuffs: 

Perlite is a siliclous volcanic glass with 2 to 5 % water 

content. It is an amorphous aluminium silicate. It expands suddenly 

when heated to temperatures ranging from 760°C to 1100°C. Perlite is 

used mostly as a light aggregate, thermal, and acoustical insulator in 

concrete and plasters, in filtration process, and as a filler in paints. 

It is also used in horticultural products. Turkey produces a sufficient 

amount of perlite for domestic needs and exports a limited amount of it. 

Low thermal and electrical conductivity, insolubility in water and in 

most acids, low bulk density, mild abrasiveness, and flame resistance 

are the valuable properties of perlite. Due to these useful properties, 

perlite would find application in many products where asbestos is 

presently in use. Besides Turkey, about twenty other countries produce 

perlite. [15,23] 

Pumice, tuff, and volcanic minerals like perlite, are being 

evaluated by perlite producers in Turkey. In its economic development, 

Turkey should utilize its perlite deposits too. 

Vermiculite is a micaceous industrial mineral which is often 

used for insulation purposes. It is a hydrated Mg-Al-Fe sheet silicate 

of variable composition. It possesses properties like those of perlite. 

Vermiculite can be recompressed back to its original state after 

exfoliation, but perlite can not be compressed without crushing. 

Vermiculite can not be used as aggregate without a wetting agent due to 

its greasiness, but perlite does not require that preparation. 
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Vermiculite concrete must be supported with a secondary material having 

the same strength as asbestos [23]. Thus, perlite has much greater 

application in concrete. Vermiculite has better fire resistance than 

perlite. Table B.I an example of consumption of expanded vermiculite. 

Perlite and vermiculite have been used as loose-fill insulation 

materials where strength is not a priority. However, glass fibers and 

mineral wools are the competitors in the insulation market. 

Table B.1. South African consumption of expanded vermiculite 
(1983) [23], 

Application Tonnage io of total 
consumption 

Fire protection in mines 4, 986 45 
Insulation - compacted 1,662 15 
Insulation - non-compacted 1,662 15 
Soil conditioner 554 5 
Fillers 332 3 
Carriers 222 2 
Others 1 ,662 15 

Perlite, vermiculite, pumice, and tuff are good at heat 

insulation and fire protection in building construction. In this area, 

they may totally replace asbestos. However, these minerals do not give 

reinforcing property to the product. If the fiber-reinforcement is also 

required, fiber-reinforced material such as asbestos and glass fiber 

should be added to the product. 

The Turkish economy depends equally on both industry and 

agriculture. Thus, it needs perlite and vermiculite in its horticulture 

as soil conditioner as well. This may limit their availability as 

substitutes for asbestos. 
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B.2. Diatomite 

Diatomite, like perlite, vermicullte, and glass fibers, has been 

used in conjunction with, or as an alternative to, asbestos for many 

years, especially in filter aids and thermal insulation. Commercial 

diatomite contains 86 to 94 # silica. The remaining materials are 

mainly alumina and alkalies. The cristobalite content of diatomite 

increases the health risk of diatomite dust. In Turkey, only one 

company produces diatomite, at a very low capacity (3,000 tpa), as 

filter aids in the production of sugar. Diatomite may also be used as 

fillers in papers, paints, and plasters. The chief properties of 

diatomite are low bulk density, soluble impurities, high absorptive 

capacity for liquids, large surface area, low thermal conductivity, 

mild abrasive qualities, chemical inertness, and silica content. 

These properties render diatomite a desirable end product. Two thirds 

of the commercial diatomite goes to filter aids. [15,35] 

B.3. Wollastonite 

Wollastonite is a relatively rare mineral but occurs in 

substantial quantities in Turkey. Turkey is one of the few producing 

countries in the world. Wollastonite is a calcium silicate and used 

mainly as a filler in ceramics, plastics, paints, abrasives, and in 

insulating products. World production of wollastonite is only 150,000 

tonnes [15]. Turkey can increase the production of this alternative 

mineral 
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B.*f. Other Mineral Alternatives 

Turkey also produces attapulgite and sepiolite clay minerals. 

These minerals would be a suitable substitute for asbestos as a filler 

material. Sepiolite is an important clay mineral in the production of 

expensive meershaum pipes. Turkey recently restricted sepiolite export 

in order to satisfy the increased local demand. [4] 

Talc is another replacement mineral for asbestos. However, talc 

is not a very important alternative to asbestos and may only be 

substituted where short asbestos fibers are needed in some limited 

filler applications. Good cosmetic grades of talc, which Turkey has, is 

much more important and more profitable. Good quality talc can not be 

used as an alternative to asbestos in fillers. Cosmetic talc has more 

profitable market than ordinary talc used as filler. 

Only muscovite and phlogopite, out of seven varieties of micas 

may be good substitutes for asbestos in some electrical insulation 

areas. 

Some mineral substitutes may contain asbestos, such as talc and 

vermiculite. Some may have fiber structure such as wollastonite, 

sepiolite, and attapulgite and may cause lung fibrosis. In Turkey, many 

incidences of lung fibrosis associated with sepiolite have been 

observed. Some micas, such as sericite, may be fibrous and others may 

contain tremolite. Most of the mineral substitutes are silicates and 

the dust produced from these is hard to dissolve in the human body. Dry 

or calcined diatomite may cause silicosis. 
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