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Foreword THE TRANSFORMATION OF MINERALS INTO SYNTHETIC

products   offering new, improved or substitute mate 
rials in a changing marketplace   has been a commer 
cial reality for many years.

In the case of industrial minerals traded in volume, 
Ontario suppliers face increasing requirements for ad 
ditional physical or chemical steps in mineral treatment 
to meet such market demands as greater purity and 
consistency. Elsewhere, stricter material specifications 
or simply a regional lack of adequate availability of the 
natural mineral has led in several instances to the "en 
gineering" of equivalent materials.

This review of the processing and economics of se 
lected manufactured "minerals" follows on the findings 
of an earlier published study entitled Developments in 
Building Products: Opportunities for Industrial Mineral 
(IMBP 13; 1990). Both reports are part of several stud 
ies commissioned by the Ontario Ministry of Northern 
Development and Mines to identify strategic opportu 
nities for industrial minerals. The studies were funded 
by the five-year Canada-Ontario 1985 Mineral Devel 
opment Agreement (COMDA). COMDA is a subsidiary 
agreement to the Economic and Regional Development 
Agreement (ERDA) signed by the governments of On 
tario and Canada in 1984.

The firm of F.J. Brodmann (fe Company, in associa 
tion with Alsobrook and Company, Inc. and ORTECH 
International, was contracted to assess the status and 
potential of selected synthetic minerals. The selection 
of minerals for the study, specified in the terms of ref 
erence, was based on the following factors of strategic 
interest to the province:

* no current production capacity of the natural min 
eral in Ontario

* substantial use of readily available mineral products 
and resources in Ontario in their manufacture

* good potential volume of regional industrial con 
sumption of the product.

The consultants report was received in March 1990. 
It is hoped that publication of this study will serve as a 
catalyst for further action by addressing mutual inter 
ests in the minerals, manufacturing and consumer 
industries.

Mineral Development Section
Mines and Minerals Division
Ministry of Northern Development and Mines
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Executive 
Summary

Synthetic minerals represent a relatively new category 
of engineered materials, developed as an alternative to 
natural minerals. A number of industrial minerals were 
selected, which had been previously synthesized from 
inexpensive basic raw materials including lime, dolo 
mite, silica, and asbestos waste products. These raw 
materials are produced commercially in various locations 
in Ontario, other parts of Canada and the U.S. The se 
lected industrial minerals include the silicates wollas 
tonite, diopside, mayenite, xonotlite and olivine.

The production of natural minerals with high purity, 
reproducible properties and homogeneous phase content 
is generally difficult and requires expensive beneficiation 
methods. Limited ore reserves and environmental reg 
ulations have further impact on potential growth 
opportunities. The study of the technical and economic 
competitiveness of the selected synthetic minerals with 
their natural counterparts revealed that the manufacture 
of synthetic wollastonite and xonotlite offers attractive 
business opportunities.

Principally, three different processing methods are 
being employed for the mineral synthesis consisting of 
solid state reactions, crystallization from molten mate 
rial and hydrothermal treatment of lime-silica gels. 
Rheinische Kalksteinwerke in Germany uses the rotary 
furnace process to perform solid state reactions for the 
formation of wollastonite, diopside and mayenite. The 
silica raw material must be ground to micron-sized 
particles in order to produce a high surface area mate 
rial with sufficient reactivity. The milling cost of the 
quartz raw material substantially increases the overall 
production expenses.

The synthetic wollastonite powders have a high pu 
rity and a low aspect ratio grain shape. The purity of 
the synthetic wollastonite is higher compared to the 
natural material. A melting/crystallization process de 
veloped by Nippon Sheet Glass Co. of Japan uses in 
expensive lump raw material up to 2 to 3 inches in particle 
diameter. The raw material feed is fused into a wollas 
tonite glass, which is then converted into high aspect 
ratio fibres by using a controlled cooling cycle and special 
additives. The produced wollastonite high aspect ratio 
powder is used for the production of high-priced plas 
tic reinforcement fillers.

Canadian Olimag Inc. produces synthetic olivine from 
serpentine asbestos fines in commercial quantities, pri 
marily for the sandblasting industry. In this application 
the synthetic material seems to perform better than natural 
olivine.

Xonotlite represents the largest tonnage (25,000 tons) 
of synthetic mineral production. The applications for 
synthetic xonotlite are highly diversified and include 
many different markets. The 1989 sales volume of syn-
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thetic xonotlite is estimated at S29.0 million. Synthetic 
xonotlite powders are sold at the highest average price 
(Sl,160.0(Vton) compared to any of the other synthetic 
minerals in this study. Based on the historic annual sales 
growth rate of T.6%, the 1999 North American market 
for synthetic xonotlite is estimated at S60 million.

The highest annual sales growth of IG.5% is projected 
for the wollastonite market, which will triple the cur 
rent sales volume of S22.7 million to S60.0 million by 
the year 1999. The average 1989 sales price for wol 
lastonite powders is S250.00Aon. It is estimated that the 
fusion/crystallization method produces synthetic wol 
lastonite at competitive costs and matching material 
properties.

Olivine represents the least economically attractive 
of the synthetic minerals. The material exhibits the lowest 
annual market value growth rate of 2.39fc, far less than 
the inflation rates for most countries. The 1989 average 
sales price for olivine was S62.00Aon, which compares 
to a projected synthetic mineral plant cost of STS.OO/ton. 
The production of synthetic olivine becomes economi 
cally viable if the synthesis is combined with the 
abatement of asbestos or other hazardous raw materials.

The virtually unlimited supply of value-added syn 
thetic minerals with engineered properties in North 
American markets exhibiting strong growth projections 
creates promising business opportunities for both do 
mestic and foreign basic raw material producers and 
related industries.
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l. Introduction Objectives and 
Methodology

The objective of this project is to investigate the 
economic and technical potential for the production of 
synthetic minerals from Ontario's natural resources. 
Ontario produces a variety of industrial minerals which 
are potential raw materials for the manufacture of value- 
added synthetic industrial minerals.

Natural resources are used by several European and 
Japanese cement and lime companies for the commer 
cial production of synthetic minerals. This study examines 
the technical and economic competitiveness of selected 
synthetic minerals with their natural counterparts. The 
investigation of the economic feasibility is directed at 
the business environment in Eastern North American 
markets.

The methodology of this study is focused on an 
analysis of the market potential for the synthetic industrial 
minerals and of the required raw material properties, the 
price structure and the quantities consumed.

Eastern North American markets that are investigated 
include the following business segments and product 
applications:

Agriculture
Chemicals
Earthenwares
Electrical Insulation Ceramics
Flux Powders and Welding Electrode Coatings
Metal Casting Powders
Paint Fillers
Reinforced Plastic Fillers
Porcelain Enamels and Stains
Refractories
Sandblasting Grits
Sanitary Ware
Vitrified Abrasive Grinding Wheels
Wall and Floor Tiles

Selection Criteria
After analyzing the current industrial mineral raw 

material requirements and specifications, the available 
commercialized manufacturing processes are examined 
to determine the most suitable and economically feasible 
production for the synthesis of technology for the fol 
lowing five minerals:

Wollastonite (CaO-SiO2)
Diopside (CaO-MgO-2 SiO2)
Mayenite (12 CaO-7 A1 2O3 )
Xonotlite (6 CaO-6 SiO2 -H2O)
Olivine (MgO-Fe2O3 -SiO2)
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The synthetic industrial minerals are ranked accord 
ing to their probability of economic success in the 
identified markets. The competitive strength of the se 
lected synthetic industrial minerals is individually ana 
lyzed in comparison to regionally-produced natural 
minerals of similar chemistry and market application.

The marketing and technical data generated are em 
ployed to quantify economic projections for the synthetic 
minerals with the most potential. In addition, recom 
mendations are provided relating to new product appli 
cations, marketing strategies and advanced manufacturing 
methods.
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2. Characterization 
of Selected 
Minerals

Wollastonite
The chemical reaction of lime and fine silica powders 

at elevated temperatures produces distinct compounds 
with different CaO7SiO2 ratios, including calcium meta 
silicate phases. The metasilicates are polymorphous and 
crystallize in three different symmetry classes.

The high-temperature form is triclinic alpha-meta- 
silicate, also known as pseudowollastonite, which is very 
rare as a natural mineral. The two low-temperature 
polymorphs are monoclinic parawollastonite and triclinic 
beta-wollastonite.

In the literature, the term beta-metasilicate is used 
indiscriminately for either of the two low-temperature 
forms. The inversion of alpha-metasilicate produces 
parawollastonite, beta-wollastonite and/or an intimate 
intergrowth of these two mineral phases. Pseudo 
wollastonite is produced from either of the two low- 
temperature metasilicate polymorphs by heat treatment 
at temperatures above 1125 0C.

The low-temperature beta-wollastonite phase crys 
tallizes in the triclinic system and usually exhibits a fi 
brous morphology. The metasilicates are inert in the 
presence of water or moisture and are therefore not used 
as constituents in Portland cement clinkers.

The theoretical composition of wollastonite is 48.3 
wt.% CaO and 51.7 wt.% SiO2 . While wollastonite is a 
common mineral, it is very rarely concentrated in de 
posits of commercial value. Natural deposits contain 
almost exclusively the low-temperature, triclinic beta- 
form of wollastonite, which crystallizes in a fibrous or 
acicular habit. Accessory minerals in wollastonite de 
posits are primarily garnet and diopside, along with minor 
calcite, silica, prehnite and graphite.

Natural wollastonite powders with aspect ratios as high 
as 20: l are commercially produced from mining opera 
tions in New York State. Aspect ratios define the pro 
portion between particle length and particle diameter. 
Aspect ratios of the synthetic wollastonites manufactured 
by European cement producers are very low, which re 
stricts the application of these materials to ceramic and 
metallurgical markets.

High aspect ratio wollastonite is commercially used 
as a reinforcement in polymer systems. In this applica 
tion acicular wollastonite replaces asbestos and milled 
glass fibre products. Acicular wollastonite fillers are 
produced in various surface-modified grades to improve 
the wetting and rheological properties of the polymer 
matrix.

Low aspect ratio material is used as a major ingre 
dient in ceramic floor and wall tile formulations and 
ceramic-bonded abrasives. Wollastonite is a minor in 
gredient in dinnerware, structural clay products,
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sanitaryware, stoneware, electrical porcelain, frits, glazes, 
stains and welding rod fluxes.

Diopside
Chemically, diopside is a wollastonite-type material in 

which half a molecule of magnesia is substituted for half a 
molecule of lime. Natural diopside mineralization is fre 
quently associated with wollastonite ore. Commercially 
viable diopside deposits have not yet been discovered.

The specific gravity of diopside is about 10*26 higher 
than for wollastonite, whereas the melting point (1391 0C) 
is about 150 degrees lower compared to wollastonite 
(15440C). The lower melting point qualifies diopside as 
a substitute for wollastonite in applications requiring 
higher fluxing activity. Synthetic diopside is being 
successfully employed in glaze formulations and as a 
sintering aid for vitrified ceramics in Europe.

Mayenite
The chemistry of mayenite (12 CaO-7 A1 2O 3 ) is 

similar to wollastonite (CaO-SiO2 ) but has alumina 
completely substituted for silica. Mayenite exhibits 
hydraulic bonding capabilities and occurs as an inde 
pendent mineral phase in high alumina cements.

Mayenite is also formed in the slag from steel refin 
ing processes that use arc melting. The main industrial 
use of synthetic mayenite is for metallurgical applica 
tions. The material aids in the hot metal desulphurization 
process and in the refining of low-silicon grades of steel.

Xonotlite
Xonotlite occurs as a natural mineral in locations such 

as Mexico and is readily formed when mixtures of l: l

lime-silica (CaO:SiO2) are hydrothermally treated at 150 
to 3500C. Xonotlite shows monoclinic symmetry and 
exhibits a fibrous or prismatic morphology similar to beta- 
wollastonite.

The starting lime:silica molar ratios and the processing 
temperatures during autoclaving control the formation 
of various hydrated lime-silica phases. Hydrated lime- 
silica compounds such as gyrolite and tobermorite 
crystallize at temperatures below 175 0C and lime:silica 
ratios below l .0.

The chemical formula of xonotlite is uncertain. The 
chemical analysis indicates a 5 CaO-5 SiO2 -H2O for 
mula, whereas X-ray diffraction analysis suggests the 
formula Ca6(SiO6Oi 7)(OH), which on a molecular basis 
is described as 6 CaO-6 SiO2-H 2O.

Xonotlite is a major ingredient in lime-silica indus 
trial products, both in solid and powder form. The solid 
products include pipe insulation, block insulation and 
artificial wood composites. The powder products are used 
as catalyst carriers, reinforcing fillers, bulk fillers, sur 
face active powders and absorptive powders.

Olivine
The mineral olivine is a solid solution series of variable 

composition, since iron atoms replace magnesium atoms 
to varying extents. Olivine ranges in composition from 
forsterite (2 MgO-SiO2) to fayalite (2 FeO-SiO2 ). Gen 
erally fayalite is the minor component and averages about 
15 wt.% in commercial olivine products.

Dunite is an igneous rock which contains olivine as 
the major constituent, but deposits with sufficient pu 
rity to be commercial are rare. The primary accessory 
minerals in olivine-bearing rocks are ilmenite, magne 
tite, chromite, pyroxene and spinel. The altered secondary 
minerals associated with olivine deposits are talc, chlorite,

Table l.
Properties of Selected Industrial Minerals

Wollastonite
Diopside
Mayenite
Xonotlite
Olivine

Chemical 
Formula

CaOSiO2
CaOMgO-2 SiO2
12CaO7AI2O3
6CaO-6SiO2 -H 2O
MgO-Fe2O3-SiO2

Crystal 
Symmetry

Triclinic
Monoclinic
Cubic
Monoclinic
Orthorhombic

Specific 
Gravity

2.92 gr/cc
3.28 gr/cc
2.69 gr/cc
2.62 gr/cc
3.22 gr/cc

Melting 
Point

15440 C
13920 C
13920 C
4000 C*

15900 C

Mohs 
Hardness

4.5
5.0
5.0
6.5
6.5

"Decomposition Temperature
Source: The Chemistry and Physics of Clays and Allied Ceramic Materials by Rex W. Grimshaw,
Wiley-lnterscience, New York 1971
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tremolite, serpentine and vermiculite. In the U.S., pri 
mary olivine deposits are being mined in North Caro 
lina and the state of Washington.

Olivine minerals are commercially used as additives 
in metallurgical processes and as moulding sands at 
ferrous and non-ferrous foundries. The initial use of 
olivine as a refractory brick material has largely been 
replaced by calcined magnesia.

Limited quantities of olivine are used for the manu 
facture of refractory specialties such as ramming and 
gunning mixes for basic furnace linings. Currently the 
largest volume commercial use of olivine is as a blast 
furnace flux and slag conditioner for pig iron production.

Typical physical and chemical properties of the se 
lected industrial minerals are summarized in Table l.

Characterization of Selected Minerals
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3, North American 
Markets for 
Selected 
Minerals

Market Supply
Wollastonite

The United States is the largest commercial supplier 
of natural wollastonite in the world. There are currently 
only two U.S. natural wollastonite producers, which mine 
and manufacture high and low aspect ratio wollastonite 
grades. Therefore consumption/supply data for wollas 
tonite ore and finished products are confidential and are 
not reported by the U.S. Bureau of Mines.

Natural wollastonite manufacturing in the U.S. is 
controlled by NYCO Division, Processed Minerals Inc., 
primarily for acicular and chemically-modified functional 
filler grades, and by R.T. Vanderbilt Company, Inc., 
primarily for conventionally processed wollastonite 
products.

In Canada, a joint venture between Cominco Resources 
International Ltd. (519fc) and Platinova Resources Ltd. 
(499c) is developing a mining and beneficiation process 
for producing natural wollastonite at Deloro, Ontario. 
The main emphasis of the project is currently directed 
at certification of reserves and the manufacturing of high 
aspect ratio finished powder products from the wollas 
tonite ore.

In 1989, the installed U.S. manufacturing capacity for 
natural wollastonite was approximately 115,000 tons per 
year. About 229fc of the U.S. natural wollastonite pro 
duction is exported to foreign markets. The main export 
markets for natural U.S. wollastonite are the plastics and 
rubber industries in Europe.

Natural wollastonite grades produced by the two U.S. 
manufacturers are listed in Table 2.

NYCO, a division of Processed Minerals Inc. (PMI), 
in turn a subsidiary of Canadian Pacific (U.S.), Inc., is 
the largest U.S. producer of wollastonite. In 1979 NYCO 
acquired the underground mining operations at Fox Knoll, 
N.Y. and a processing plant at Willsboro, N.Y. from 
Interpace Corporation. Three years ago, NYCO closed 
the Fox Knoll mine due to reserve exhaustion and opened 
a new surface mining operation at Lewis, New York. A 
primary crushing facility was installed at the Lewis mine 
site.

At the present time NYCO controls the largest known 
wollastonite deposit in the U.S. estimated at 12 million 
tons of proven reserves and an additional 4 million tons 
of probable reserves. The wollastonite ore averages about 
609fc beta-wollastonite, 309fc garnet and 10% diopside.

The current production capacity of NYCO's opera 
tions is estimated at about 80,000 tons per year. The 
mined ore is crushed in jaw-type crushers to reduce the 
ore size to -4 mesh. The -4 mesh material is heated in 
a gas-fired rotary kiln dryer to reduce the moisture content
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Table 2.
Natural Wollastonite Suppliers and Products

Company

NYCO

RT. Vanderbilt

Product Grade

NYAD 325
NYAD 325
NYAD 400
NYAD 400
NYAD 475
NYAD 1250
NYAD 200
NYAD G
NYCOR R
NYAD FP
Vansil W-10
Vansil W-20
Vansil W-30

Particle Size

-325 Mesh
-325 Mesh
-400 Mesh
-400 Mesh

6 Micron
3 Micron

-200 Mesh
-200 Mesh
-200 Mesh

-10 Mesh
-200 Mesh
-325 Mesh
-325 Mesh

Aspect Ratio

5:1
15:1

5:1
15:1

3:1
3:1

10:1
20:1
15:1
 

5:1
5:1
3:1

1989 Price*

$^ 40/ton
S1 80/ton
S1 60/ton
S1957ton
S3707ton
S5107ton
S2007ton
S2407ton
S2357ton
S3207ton
Sl057ton
Sl257ton
S1 60/ton

"U.S. Dollars, Truckload Quantities, 12 tons min., FOB New York
Source: Handbook of Reinforcements for Plastics, Edited by John V. Milewski and Harry S. Katz,
Van Nostrand Reinhold Company, 1987

and is subsequently crushed in a gyratory-type crusher 
to -16 mesh.

Wollastonite and associated garnet are liberated at a 
particle size of 16 mesh and are subsequently separated 
by high intensity magnetic separators. The andradite 
garnet from wollastonite beneficiation is increasingly 
being used as a sandblasting medium for buildings, ship 
hull cleaning and for non-skid road paving surfaces and 
stair treads.

High aspect ratio wollastonite powders are produced 
by jet or attrition milling, whereas the regular low as 
pect ratio material is manufactured by ball milling. High 
aspect ratio wollastonite grades are primarily used for 
reinforcing polymer systems as a replacement for asbestos 
and glass fibres. NYCO has installed a special chemi 
cal treatment operation to modify the surface of the 
wollastonite grains by coating with organic wetting and 
coupling agents.

Coated wollastonite grades are custom manufactured 
for the polymer industry and sold at premium prices. 
Table 3 lists the 1989 prices for some of the surface- 
treated wollastonite products, which are marketed 
worldwide under the trade name "Wollastokup".

The selection of a surface-modifying chemical is 
dependent on the particular polymer system and the 
processing parameters. NYCO has developed unique 
expertise for the production and application of surface- 
modified wollastonite used in reinforced plastics.

NYCO's manufacturing capacities for the most 
popular natural wollastonite and surface-treated Wolla 
stokup products and their market applications are listed 
in Table 4.

R.T. Vanderbilt Company, Inc. is the second largest 
U.S. producer of natural wollastonite with an estimated 
annual capacity of 35,000 tons per year. The company 
started wollastonite production in 1978 from a deposit 
near its talc mine in the Gouverneur district of New York.

Mined wollastonite ore is processed at a converted 
talc plant near Emeryville, N.Y. The Vanderbilt wollas 
tonite exhibits a high purity and does not require

Table 3.
NYCO "Wollastokup" Products and Prices

Products Particle 
Size

Aspect Price" 
Ratio

10 Wollastokup 3mm 5:1 S7807ton

G Wollastokup -200 Mesh 20:1 S620Aon

400 Wollastokup -400 Mesh 15:1 S5007ton

* U.S. Dollars, Truckload Quantities, 50 Ibs bags, 
FOB New York
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Table 4.
NYCO Natural Wollastonite Manufacturing Capacities and Product Markets

Product

NYADG
NYAD 325
NYAD 400
NYAD 475
NYAD 1250
Wollastokup
Total

Capacity Ceramics, Wallboard Plastics

20,000 tpy
20,000 tpy
10,000 tpy
5,000 tpy
5,000 tpy

20,000 tpy
80,000 tpy

6007o
7007o
—
—
—
—

3007o
—
4007o
7507o
—
8507o

Coatings

100Xo
57o

5007o
200Xo
9007o
1507o

Others

_
2507o
1007o

507o
1007o
—

Source: Industrial Minerals Directory, Metal Bulletin Books Ltd. U.K., 1987

beneficiation for the markets it supplies. In cooperation 
with Ankersmit Maalbedrijven BV of the Netherlands, 
Vanderbilt produces a high aspect ratio, acicular, grade 
for European and Japanese customers. For producing this 
grade, wollastonite crude ore is shipped from the U.S. 
to the Netherlands.

In the U.S., Vanderbilt produces three principal powder 
grades which are differentiated by particle size and market 
applications. A coarse -200 mesh (Vansil W-10) mate 
rial with a median particle size of 18.5 microns is de 
signed for use in the ceramic industry.

Fast-fired wall tile formulations specify up to 70 wt.% 
coarse wollastonite additions. The temperature increase 
for fast-firing sintering cycles (10000C7hr) is generally 
about ten times faster than for conventional firing 
methods. Wollastonite addition reduces the firing 
shrinkage, vitrification temperature, gas evolution and 
moisture expansion of the ceramic bodies.

A semi-coarse -325 mesh (Vansil W-20) wollastonite 
material with a 9.6 mm particle size disperses to a 0-1 
Hegman fineness when used at a concentration of three 
pounds per gallon. The material is primarily used as a 
bulk filler for paints, rubber and plastics. The fine -325

mesh (Vansil W-30) material with a 6. l micron median 
particle size and a 4 Hegman fineness is used in glazes, 
in frits for glazes and enamels, in glaze and body stains, 
ceramic bonds for vitrified grinding wheels, electrical 
insulators and filler/extender applications.

The highly acicular grades manufactured by Vanderbilt 
in the Netherlands are used as a functional filler for the 
reinforcement of plastic products. Vanderbilt's produc 
tion capacities for wollastonite products and their mar 
ket applications are illustrated in Table 5.

Pfizer Inc. has produced wollastonite intermittently 
from a selectively mined deposit located northwest of 
Blythe in Riverside County, California. A processing plant 
with a 15,000 to 20,000 tons per year capacity is located 
at Victorville, California. The -200 mesh wollaston 
ite powder production was marketed to local vitri 
fied ceramic body manufacturers, whereas the -325 mesh 
material was consumed by local coatings formulators. 
Currently Pfizer is not selling any wollastonite products.

Neither natural nor synthetic wollastonite powder 
grades are produced in Canada at this time. The Cominco/ 
Platinova joint venture, engaged in the development of 
the Deloro wollastonite deposit in Marmora Township

Table 5.
R.T. Vanderbilt Natural Wollastonite Manufacturing Capacities and Product Markets

Product Capacity Ceramics Plastics Coatings Others

W-10
W-20
W-30
Total

20,000 tpy
10,000 tpy
5,000 tpy

35,000 tpy

9007o
3507o
—

__ __

— 6507o
3507o 3007o

1007o
—
3507o

Source: Industrial Minerals Directory, Metal Bulletin Books Ltd. U.K., 1987
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Table 6.
U.S. Production Capacities for Natural Wollastonite

Producer

NYCO 
RT. Vanderbilt 
Total 
0Xo Total Capacity

Capacity

80,000 tpy 
35,000 tpy 

115,000 tpy

Ceramics

26,000 tpy 
21 .500 tpy 
47,500 tpy

41 07o

Plastics

30,750 tpy 
1 .750 tpy 

32,500 tpy 
2807o

Coatings

16,500 tpy 
8,000 tpy 

24,500 tpy 
2207o

Others

6,750 tpy 
3,750 tpy 

10,500 tpy 
907o

Market 
Share

7007o 
3007o

near Tweed, Ontario, plans to establish a 55,000 tons 
per year natural wollastonite production capacity in 
Canada.

In the future, imports of processed and/or crude natural 
wollastonite may substantially change the supply situ 
ation in the eastern North American markets. The main 
wollastonite exporting countries are Finland (The Partek 
Group), India (Wolkem Pvt. Ltd.), China and Mexico. 
Transportation expenses generally represent a com 
paratively low percentage of the delivered price for 
processed wollastonite. The cost of wollastonite is also 
often a very small fraction of the total production cost 
of a final product.

The 1989 total annual U.S. production capacities for 
natural wollastonite grades and their market applications 
are summarized in Table 6.

The largest share of U.S. wollastonite manufacturing 
capacity is for the production of wollastonite with low 
aspect ratios for the ceramics industry. The U.S. natu 
ral wollastonite production capacities represent about 26^c 
of the worldwide supply. In 1976 the U.S. share of the 
world output capacities peaked at 85*^ and has gradually 
decreased due to increasing natural wollastonite 
production in Finland, India, China and Mexico.

The U.S. Environmental Protection Agency (EPA) 
classifies dust particles with aspect ratios exceeding 3:1 
as mineral fibres. The supply situation and applications 
for high aspect ratio, acicular-type wollastonite grades 
may be affected by future health hazard research that 
results in additional environmental restrictions.

Presently, synthetic wollastonite and synthetic diop 
side are neither domestically produced nor imported into 
the North American market.

Mayenite
Mayenite-type synthetic minerals are not produced in 

North America. Lafarge S.A. synthesizes a single-phase 
mayenite material in France and exports it to worldwide

markets. This synthetic mayenite product is used for slag 
treatment and conditioning in iron and steel mill 
processes.

Rheinische Kalksteinwerke GmbH, in Wiilfrath, 
Germany synthesizes mayenite from lime and alumina 
in rotary kilns at 14500 C. The short sintering interval 
and the very low viscosity of the reaction product re 
quire close control of the firing conditions of the fur 
nace. Wiilfrath mayenite is marketed as calcium aluminate 
for metallurgical applications.

Commercial high alumina cements produced by U.S. 
manufacturers such as ALCOA contain a small percentage 
(109b) of a mayenite-phase material. Mayenite acts as 
a rapid hydrator and accelerates the setting time for high 
alumina cements. None of the U.S. high-alumina pro 
ducers adds mayenite to the cement formulation; they 
form the calcium-alumina phase in situ during the cal 
cination process.

The total U.S. high alumina cement market is esti 
mated at 350,000 tons per year, which represents a 
potental demand of about 35,000 to 40,000 tons per year 
for a mayenite-type cement accelerator additive.

Xonotlite
Industrial products containing xonotlite and other 

hydrated lime-silica compounds are manufactured in 
either a rigid form, such as pipe and block insulation, 
or are supplied as functional filler powders. Xonotlite 
and other hydrated lime-silica minerals crystallize from 
gels in situ during hydrothermal treatment processes. The 
synthesized lime-silica crystals form the cement bond 
ing phase for rigid low-density insulation products.

In the last decade, the North American lime-silica 
insulation industry has experienced strong competition 
from other insulation materials such as foamed glass and 
mineral wool-based products.

During the last decade, the market for lime-silica 
insulation products has decreased from about Si 10 million
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Table 7.
North American Producers for Lime-Silica
Insulation Products

Producer Brand Sales Value Market 
Name (U.S. Smillion) Share

Pabco

Mainville
Owens- 
Corning

Calsilite 
Insulation

Total

Super 
Caltemp

Cal-Sil

Kaylo

Calsilite

20.0

12.0

7.0

7.0

46.0

440Xo

2607o

1507o

150/0

in 1980 to less than S50 million in 1989. Current annual 
sales volumes for the major North American lime-silica 
insulation manufacturers and their market shares are listed 
in Table 7.

Xonotlite-type powder products are manufactured by 
a number of U.S. companies for use as a carrier mate 
rial for catalysts, fertilizers, herbicides, pesticides, anti- 
caking agents, flow control aids, absorptive materials, 
fillers for rubber products and filter aids for food 
products.

At Lompoc, California the Manville Corporation 
manufactures lime-silica based products under the 
tradename "Micro-Cel" from locally available diato 
maceous earth fines and calcined lime. The lime and silica 
raw material mixtures are reacted at atmospheric pres 
sures in steam reactors. The produced xonotlite materi 
als are subsequently classified into various particle size 
fractions and sold to a diversified group of customers. 
The remaining unreacted free crystalline silica in "Micro- 
Cel" lime-silica powders affects their marketability for 
some consumer product applications.

PPG Industries and J.M. Huber Corporation produce 
lime-silica powders as part of their sodium silicate 
manufacturing operations. Captively-produced sodium 
silicates are neutralized with a strong acid to precipi 
tate a silica gel. Lime is added during the silica pre 
cipitation process to form spherical particles, which 
agglomerate into larger particle clusters. PPG uses hy 
drochloric acid as the neutralizing agent, whereas J.M. 
Huber precipitates with sulphuric acid.

PPG has produced the "Silene" grade hydrated and 
anhydrous lime-silica powders at its sodium silicate fa 
cility located at Lake Charles, Louisiana. The manu 
facturing process starts with a 1:3.22 ratio sodium silicate, 
which is melted and then leached to remove the sodium 
content. The resulting amorphous silica is either mar 
keted as is or is reacted with calcium hydroxide to 
produce the "Silene" powder products. "Silene" pow 
ders are sold as fillers for rubber, paper and plastic 
products. PPG recently discontinued the manufacturing 
of "Silene" lime-silica powders and introduced a new 
"Inhibisil" grade for coating applications.

Properties of synthetic xonotlite powders are listed 
in Table 8.

"Micro-Cel" fillers are manufactured in both calcined 
and uncalcined grades. The calcined grades exhibit lower 
surface area and oil absorption values compared to the 
uncalcined products. Micro-Cel A is mainly used in 
cosmetic products, whereas the calcined products are 
mainly used as extenders in paints.

The typical physical properties for synthetic xonotlite 
powders suitable as pigment extenders for paper and paint 
products are listed in Table 9.

Synthetic xonotlite increases whiteness and gloss as 
a paper coating material due to its unique shape factor 
and high brightness. In paper pulp formulations xonotlite 
replaces up to 30 wt.% of TiO2 without loss of white 
ness or opacity. The savings in TiO2 results in signifi 
cant cost reductions, particularly for laminated paper 
products. Xonotlite powders are also successfully used 
as white pigment extenders in emulsion paint products 
replacing up to 509fc of TiO2 opacifiers.

Table 8.
Synthetic Xonotlite Products

Producer

Manville
Manville
Manville
J.M. Huber

Brand Name

Micro-Cel A
Micro-Cel C
Micro-Cel E
Hubersorb 600

Typical Impurities

Free Silica
Free Silica
Free Silica
Sulphates

Absorption Value

375
380
490
480

Price (U

S0.507lb
S0.557lb
S0.477lb
SO.GS/lb

.S.S)
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Table 9.
Properties of Synthetic Xonotlite

Chemical Composition Physical Properties

SiO2
AI2O3
CaO
MgO
C02
L.O.I.

47.20Xo
Q.5%

44.60Xo
Q.6%
1 .00Xo
6.1 o/o

Specific Gravity
Brightness
Refractive Index
BET Surface Area
Mohs Hardness
PH

2.62 gr/cc
94.00Xo
1.62
35 m 27gr
6.5
10.0

Source: 4th Industrial Minerals International Congress, Atlanta 1980: Synthetic Alkaline Earth Silicates-New 
Materials for Ceramics, Paint and Paper

The North American production volumes for synthetic 
xonotlite based lime-silica powders are listed in Table 10.

Xonotlite powder products yield the largest cost 
savings potential as pigment extenders in paint product 
formulations. About 62.Wo of North American synthetic 
xonotlite production goes into the manufacture of pig 
ment extender grades for paper.

Olivine
A number of years ago, four U.S. olivine producers 

had a combined capacity to supply more than 800,000 
tons per year of olivine to North American markets. 
Presently the remaining U.S. supply capacity for olivine 
has stabilized at about 320,000 tons per year. This fig 
ure includes the actual domestic output of 100,000 tons 
per year.

The current U.S. production capacity for natural oli 
vine is controlled by only two companies. The U.S. 
Bureau of Mines does not publish, therefore, any pro 
duction data related to olivine. The 1989 North Ameri 
can consumption of natural olivine exceeded the North

American production by about 170,000 tons. Norwegian 
olivine is being imported at a lower price than domes 
tically-produced olivine and is supplied primarily into 
eastern U.S. markets.

The chemical compositions of various competing 
olivine sands are listed in Table 11.

The Japanese and Norwegian olivine ores contain the 
lowest amount of fayalite phase compared to other oli 
vine sources.

The two principal U.S. producers of natural olivine 
are using both Washington and North Carolina olivine 
ore. Olivine Corporation mines olivine at Cypress Is 
land in the Twin Sisters mountain range in Washington 
State. The company previously owned a 60,000 tons per 
year dry processing plant near Bellingham, Washington 
for the production of foundry sand and refractory 
aggregates. The plant has been closed and is being 
dismantled.

Olivine Corporation has developed modular precast 
olivine refractories for use in wood waste incinerators. 
The incinerator manufacturing operation uses about \5^c 
of the company's annual olivine production but accounts

Table 10.
North American Synthetic Xonotlite Powder Production and Product Markets

Producer

Mainville 
J. M. Huber 
PPG

Total 
0Xo Total Production

Production

16,000 tpy 
6,000 tpy 
3,000 tpy

25,000 tpy

Paper 
Filler

11,000 tpy 
3,000 tpy 
1 .500 tpy

15,500 tpy 
62.00Xo

Paint 
Filler

2,000 tpy 
1 .000 tpy 
1 ,500 tpy

4,500 tpy 
IS.0%

Plastic 
Filler

1 .500 tpy 
1 ,000 tpy

2,500 tpy 
IQ.0%

Others

1 ,500 tpy 
1 .000 tpy

2,500 tpy 
IQ.0%

Market 
Share

640Xo 
2407o 
1207o
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Table 11.
Chemical Composition of Natural Olivine Sands

Source MgO FeO Fe2 Si02 CaO Others LO.I.

Washington, U.S. 
N. Carolina, U.S.
Aaheim, Norway 
Handol, Sweden
Hokkaido, Japan

49.40Xo — 
50.50Xo —
49.QO/0 e.0% 
46.00/0 —
47.00/0 —

7.10/0

6.70/0

Q.2%
2.00/0

41 .20/0 
40.10/0
42.60/0 
41 .Qo/o
42.QO/0

Q.2% 
Q.2%

Q.8%
0.40/0

1 .80/0

1 .Qo/o

1 .80/0

2.QO/0
S.5%

0.70/0 
Q.7%
Q.6%
1 .80/0

2.50/0

Source: Industrial Minerals, 2/1970, Olivine: Its Properties and Uses

for 959fc of its sales revenue, excluding sales to AIMCOR. 
About 40,000 tons of lump olivine ore is supplied to a 
processing plant in Hamilton, Washington operated by 
Applied Industrial Materials Corporation (AIMCOR), 
headquartered in Deerfield, Illinois.

AIMCOR's minerals plant at Green Mountain, North 
Carolina processes olivine ore mined in the Burnsville 
area, whereas a new plant at Aurora, Indiana processes 
imported natural olivine. The Green Mountain operation 
uses a flotation process to separate vermiculite and other 
impurities from the olivine.

About 28 9fc of the Green Mountain plant output is used 
in blast furnace applications and the rest is sold as foundry 
sand and for refractories. The North Carolina facilities 
primarily serve markets east of the Rocky Mountains.

AIMCOR's dry processing plant located at Hamilton, 
Washington produces natural olivine grades for customers 
located in the western North American markets and for 
export markets around the Pacific Rim. About 759fc of 
the plant output is sold as foundry sand.

Recently, AIMCOR built a new olivine operation at 
Aurora, Indiana which is designed to process and mar 
ket ore imported from Norway. The imported olivine ore 
is mined by Franzefoss Bruk A/S and is used for the 
production of sinter pellets, foundry sand and refractory 
grades. In 1989, AIMCOR imported about 125,000 tons 
of Norwegian olivine, processed 30,000 tons and resold 
95,000 tons of imported olivine lump.

In Quebec, Canada Olimag Ltd. manufactures a 
synthetic olivine product under license from Societe" 
Nationale de 1'Amiante (SNA) using asbestos tailings 
as raw material. The annual production of synthetic 
olivine has been increased to about 15,000 tons. The main 
applications are as foundry sands for ferrous and non 
ferrous metal castings, fluxes for metallurgical processes, 
ingredients in refractory gunning mixes and sandblast 
ing grits.

Natural olivine is typically composed of agglomer 
ated small crystals, whereas synthetic olivine grains are

macro-crystalline in size. Practical experience has shown 
that synthetic olivine grains are tougher and perform 
better in sandblasting applications compared to natural 
olivine.

Flour-type natural and/or synthetic olivine-derived 
powders are used as fillers for high-density plastic 
products. The specific gravity of olivine is higher than 
for both wollastonite and xonotlite (Table 1).

The North American manufacturing capacities for 
olivine products and their market applications are sum 
marized in Table 12.

The largest tonnage markets for natural olivine are 
represented by the basic industries such as iron and steel, 
whose fortune is strongly influenced by economic cycles. 
The second largest market application for olivine is as 
a moulding sand at ferrous and non-ferrous foundries.

The U.S. olivine supply is substantially enlarged by 
tariff-free imports from foreign sources including Nor 
way, Sweden, Spain, Italy, Canada and New Zealand. 
Norway is the largest olivine producer and represents 
about 609fc of the world's olivine ore and finished product 
manufacturing capacity. The leading Norwegian producer 
is government-owned A/S Olivin, which has a capacity 
of 4.4 million tons per year.

The second largest Norwegian olivine supplier is 
Franzefoss Bruk A/S, which merged with NorMineral 
A/S. The three-shift capacity at the Franzefoss opera 
tion is 0.88 million tons per year of olivine products. 
About 509fc of the olivine output is sold as foundry sand 
to European and U.S. markets.

Olivine is a low-value mineral for which the trans 
portation costs frequently exceed the FOB price of the 
material. The U.S. olivine ores suitable as blast furnace 
slag conditioners for the eastern steel industry are pro 
duced in Washington State. Low ocean freight rates make 
the Norwegian olivine highly price-competitive in the 
eastern U.S. steel industry markets.
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Table 12.
North American Olivine Production Capacities and Product Markets (OOOs tpy)

Olivine 
Producer

Manufac 
turing 
Capability

Iron 
and Steel

Foundry Refractories Other Total Market 
Share

Olivine Corp.
Bellingham, WA 

AIMCOR
Hamilton, WA
Burnsville, NC
Aurora, IN 

Olimag
Quebec 

Other Imports 
Total 
o/o Total Market

15

335

5
15

115

40
175

61

30
28

9

5
4

76 
2707o

1
11 
407o

10

23 
807o

40
58

125*

15
45

285

1 07o

7807o

507o
1607o

10007o

'Imported olivine (30,000 tons processed and 95,000 tons of unprocessed lump for resale).

Market Demand
In eastern North America, the major markets for the 

selected industrial minerals are represented by the ce 
ramic, metallurgical and plastics industries.

Wollastonite
The demand for wollastonite is currently being sat 

isfied by domestically-mined and processed, high-quality 
natural mineral sources. Synthetic wollastonite grades 
are not produced or used in eastern North American 
markets. Imported natural wollastonite from China and 
Mexico is not actively promoted.

The 1989 consumption quantities and market values 
for natural wollastonite in the eastern North American

area is illustrated in Table 13.
The plastics filler market represents the largest mar 

ket share for natural wollastonite products both in terms 
of volume and value. The ceramic markets accounts for 
the second largest market volume of natural wollastonite.

In 1989, in addition to the 71,000 tons used domes 
tically, about 20,000 tons of the U.S. produced wollas 
tonite were exported to other countries, including 
Germany. The synthetic wollastonite manufactured 
overseas is a low aspect ratio product. The reinforced 
plastics industry requires a high aspect ratio material 
produced by jet milling of natural wollastonite.

Since the early 1970s, Rheinische Kalksteinwerke in 
Wiilfrath, West Germany has been producing synthetic 
wollastonite from lime and quartz sand. Wiilfrath's 
manufacturing costs for synthetic wollastonite are about

Table 13.
1989 North American Wollastonite Consumption

Market 
Share

Plastics
Ceramics
Paint
Metallurgical
Others
Total

Consumption 
(tons)

29,500
16,000
7,500
7,000

11,000
71,000

Market Value 
(U.S. Smillion)

10.6
2.0
1.7
0.6
1.3

16.2

Market Volume

4207o
2307o
1007o
1007o
1507o

Market Value 
Share

6507o
1207o
1007o

507o
807o
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Table 14.
Chemical Composition of Synthetic and Natural Wollastonite (Percent by Weight)

Wollastonite SiO2 CaO MgO AI2O3 Fe2O3 L.O.I.

NYCO (Natural)
R.T.Vanderbilt (Natural)
Wulfrath SW (Synthetic)
Wulfrath SE (Synthetic)
Wulfrath SG (Synthetic)

50.00
51.92
53.59
52.36
52.58

47
42,
45,
45.
45,

.00

.10

.31

.44

.66

0.30
1.49
0.47
0.61
0.55

0.30
1.82
0.20
0.38
0.47

1,
0,
0,
0.
0.

.00

.34

.075

.19

.22

n.d.
n.d.
n.d.
0.0034
0.008

0
n,
n,
0,
0,

.04

.d.

.d.

.0038

.008

0.55
2.04
0.34
0.35
0.36

Source: Producer Literature

higher than for natural wollastonite.
Rheinische Kalksteinwerke is one of ten different 

producers of synthetic wollastonite in Europe. The other 
manufacturers are located in Denmark, France, England, 
Italy and the Soviet Union. It is estimated that a total 
of 25,000 to 30,000 tons of synthetic wollastonite was 
produced for the European market in 1989.

Danish wollastonite is produced from a mixture of 
sand and sea shells, made into a slurry and calcined at 
about 15600C to form a viscous mixture that is quenched 
through water cooling. After solidification, the material 
is crushed and sized to meet the particle size specifica 
tions of the tile, roofing felt and flooring industries. The 
material is sold under the trademark "Synopal" and 
contains about 509fc wollastonite.

Synthetic wollastonite in Italy is produced from silica 
sand, chalk and dolomite. The production methods are similar 
to the Danish "Synopal" process. The material is marketed 
under the trademark "Wollanita" and is used for road 
construction, as an abrasive and in traditional ceramics.

Synthetic wollastonite products exhibit generally lower 
trace impurities than natural wollastonite, as shown in 
Table 14.

High chemical purity and consistent purity are essential 
requirements for the use of wollastonite in welding rod fluxes 
and metal-casting powders. The sulphur, phosphorus and 
iron contents of synthetic wollastonite are substantially lower 
compared to the natural material. Therefore, the synthetic 
wollastonite produced in Wulfrath is employed mostly for 
metallurgical applications.

The reinforced plastics application represents the 
largest market value for natural wollastonite (see Table 
13). The addition of wollastonite to resin formulations 
effects changes in viscosity, flow, dispersion, wetting and 
other parameters. The development of surface-coated 
wollastonite grades has substantially improved the control 
of these parameters. Surface modification of wollasto 
nite must be tailored to the individual polymer compound 
in which it is to be used.

Table 15 summarizes the physical properties for

Table 15.
Properties of Wollastonite-Reinforced Polymers

Reinforced Material Tensile Strength Elongation Flexural Modulus Shrinkage

Nylon Standard 11,600 psi
Nylon/40% Wollastonite 13,300 psi

Polypropylene (PP) Std. 4,400 psi
PP/25% Wollastonite 4,000 psi

Ketone/15% Wollastonite 19,600 psi
Epoxy/23% Wollastonite 8,500 psi

20007o 
907o

120Xo 
807o

5.50Xo

400,000 psi 
950,000 psi

170,000 psi 
230,000 psi

2,600,000 psi 
650,000 psi

0.013 in/in 
0.006 in/in

n.d. 
n.d.

n.d. 
n.d.

Source: Handbook of Reinforcements for Plastics, Edited by John V. Milewski and Harry S. Katz, 
Van Nostrand Reinhold Company, 1987

North American Markets for Selected Minerals 19



Table 16.
North American Tile Manufacturers

U.S. Companies

Dal-Tile Corporation
American Olean Tile Co.
Sikes Corp./Florida Tile
U. S. Ceramic Tile, Inc.
Others
Total

Location

Texas
Pennsylvania
Florida
Ohio

Sales Volume 
(SU.S. million)

285
215
132
42

146
820

Market 
Share

3507o
2607o
1607o

50Xo
1807o

Wollastonite 
Usage (tons)

0
0

10,000
5,000
1,000

16,000

several wollastonite/polymer systems.
Surface-modified wollastonite generally improves the 

physical strength properties of polymer systems. It is 
expected that the price differential between resin and 
wollastonite will increase in the future and thereby fur 
ther improve the market potential for wollastonite filler 
products. The large market for unfilled plastics currently 
represents the strongest growth area.

NYCO is the largest supplier of high aspect ratio 
wollastonite to the polymer industry. In 1989 the com 
pany produced and shipped about 6,000 tons of surface- 
treated product with a market value of about S3.8 million.

The second largest market for wollastonite is for 
conventional ceramic products, including wall tiles, floor 
tiles, earthenware, sanitary ware, electrical insulators, 
frits and glazes. The annual wollastonite consumption 
by the major ceramic tile manufacturers is listed in 
Table 16.

Surprisingly, several major U.S. and Canadian ceramic 
floor and wall tile manufacturers do not use wollasto 
nite in their products.

Gouverneur Talc Co., 1009fc owned by R.T. Vanderbilt, 
is the main supplier of low aspect ratio wollastonite 
grades for the traditional ceramics industry. The 1989 
sales of wollastonite to the whitewares market is esti 

mated at 16,000 tons valued at about S2.0 million.
Both NYCO and Vanderbilt manufacture low aspect 

ratio wollastonite for the paint and metallurgical in 
dustries. Wollastonite powders are used as brighteners 
and extenders for water-based and oil-based paints, 
primers and undercoatings. In addition, wollastonite is 
a functional asbestos replacement in asphalt emulsions 
and roof coatings.

It is estimated that in 1989 about 7,500 tons of wol 
lastonite were sold to the paint and asphalt industry, 
representing a market value of about 51.7 million 
(Table 13).

Xonotlite
The market demand for xonotlite powders and 

xonotlite-containing products is a direct function of their 
cost and performance compared to other functional filler 
and insulation products. Markets for xonotlite and other 
lime-silica compounds used as intermediate thermal 
insulation products have continued to shrink, as illus 
trated in Table 17.

At the low temperature range, polymer-based foamed 
insulation products are preferred, and at the medium and 
high temperature range foamed glass insulation products

Table 17.
Market Demand for Xonotlite-based Products

Product

Xonotlite
Xonotlite
Xonotlite

Insulation
Fillers
Wood

1980
Volume
(tons)

n.a.
16,000

1980
Value
(U.S.Smillion)

110
14

1989
Volume
(tons)

n.a.
25,000

n.a.

1989
Value
(U.S.Smillion)

46
29
n.a.

Annual Growth Rate
Volume

n.a.
4.607o

Value

-S.3%
y.6%
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Table 18.
Physical Properties of Xonotlite Artificial
Wood

Bulk Density 
Bending Strength 
Compressive Strength 
Thermal Conductivity 
Water Absorption

0.50-0.55 gr/cc 
80-100 kg/cm2 
80-100 kg/cm2 
0.085 Kcal7mh 0C 
15007o

have gained market share at the expense of xonotlitic 
material.

Xonotlite-based filler products are used in numerous 
industrial applications. The most widely employed 
product is "Micro-Cel" manufactured by Manville at 
Lompoc, California. In many filler applications, such as 
paper, rubber and plastic products, the xonotlite-based 
fillers compete with low-priced clays and lime powders.

Promising new materials containing large quantities 
of xonotlite fillers are the artificial wood products 
manufactured by Onoda Cement and UBE Cement of 
Japan. Onoda's artificial wood products are formed in 
two stages involving first the synthesis of xonotlite 
powders, which are then compounded with latex bind 
ers and glass fibres to form the artificial wood shapes.

UBE discloses that its "Woodyceram" artificial wood 
products are manufactured by filter-pressing synthetic 
or natural xonotlite raw material. However, UBE's 
"Woodyceram" artificial wood products are recommended 
only for interior installation. Table 18 lists some of the 
properties of xonotlite-based artificial wood products.

The main competitor for xonotlite-based artificial 
wood products is natural wood. Significant price and/ 
or performance advantages are needed for artificial wood 
products to gain market acceptance. Currently, xonotlite- 
based artificial wood is neither manufactured nor sold 
in the North American market.

Olivine
The current market demand for low-cost olivine 

products requires the importation of about 609fc of North 
American consumption. The domestic production of 
natural olivine grain falls short in meeting the price and 
quality requirements of the domestic market. The U.S. 
market is therefore significantly dependent on imports 
of olivine.

Table 19 illustrates the 1989 demand for olivine-based 
products by the various segments of the North Ameri 
can market.

North American imports of olivine from Norway in 
1989 amounted to 170,000 tons. About 3,000 tons of 
synthetic olivine sandblasting grits consumed in north 
ern U.S. markets are imported from Canada.

The Canadian olivine is synthesized from asbestos 
tailings by Olimag Inc., in Quebec. The relative large 
crystals of synthetic olivine grains marketed under the 
trade name "JETMAG" have demonstrated an accept 
able performance in sandblasting applications.

It is believed that the largest application area for 
synthetic olivine is the sandblasting market. The re 
maining production of Canadian synthetic olivine is used 
as foundry mould sand for non-ferrous metal castings, 
in particular aluminum and manganese.

Table 19.
Market Demand for Natural Olivine Products

Market

Iron A Steel Flux
Foundry Castings
Refractories
Sandblasting
Total

1989 
Demand 
Volume

175,000 tons
71 ,000 tons
11,000 tons
13,000 tons

270,000 tons

Average 
Prices

S557ton
S757ton
S907ton
S657ton

1989 
Market Value 
(U.S.Smillion)

9.6
5.3
1.0
0.9

16.8

Market 
Volume 
Share

650Xo
2607o

40Xo
507o

Market 
Value 
Share

570Xo
320Xo

60Xo
50Xo
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Market Analysis and Usage 
Trends

Markets for the selected industrial minerals in east 
ern North America are highly influenced by economic 
business cycles. The use of wollastonite in traditional 
vitrified ceramics such as floor and wall tiles depends 
on the regional housing industry.

The use of olivine lumps as slag conditioner in iron 
and steel generation and refining processes is a func 
tion of the number of heats (capacity utilization) and the 
overall demand for basic industrial products. Sandblasting 
media usage primarily depends on the season, since 
building exteriors, highways and bridges are generally 
not cleaned during the winter months.

Wollastonite
The use of wollastonite in the ceramic and plastics 

industries is expected to grow further as a result of 
increased market penetration. Tailoring of the wollas 
tonite products properties to customer requirements 
continues to produce new product application opportu 
nities. In particular, the use of the acicular wollastonite 
as a reinforcement filler in various plastic and resin 
systems is experiencing rapid expansion into the con 
sumer and automotive products market.

Plastics such as nylon and polypropylene offer the 
highest market potential, as the increased impact strength 
generated by wollastonite reinforcement produces suit 
able material for automotive parts manufacture.

Demand trends and historic growth figures for the 
various natural wollastonite markets are illustrated in 
Table 20.

In the last three years, the total North American 
consumption of natural wollastonite increased at a 
compounded annual growth rate of 6.19fc. North American 
consumption volume gains exceeded the export volume 
growth rate by about 4096. However, export sales val 
ues showed a much larger gain than domestic sales values.

A change in the export product mix from low-priced 
ceramic grades to high-priced plastic fillers is respon 
sible for the 13^0 annual growth in the export dollar 
values. The product shift to higher-priced acicular and 
surface-modified wollastonite grades is also evident in 
the North American market. In the last three years the 
market value growth rates for plastic filler products 
consistently exceeded the volume growth rates.

The market volume and value growth figures for 
regular wollastonite grades used in the fast-firing ceramic 
manufacturing processes are the lowest for all wollas 
tonite market segments. In the past several years the 
prices for shipments to the wall and floor tile industries 
have been very stable, despite increased demand and 
market penetration. At a certain raw material cost 
threshold, clay and feldspar replace wollastonite in 
whiteware formulations.

Traditionally, Vanderbilt served the ceramic industry, 
whereas NYCO has concentrated on the value-added, high 
aspect ratio and coated wollastonite products designed 
for the plastics industry. In cooperation with its Dutch 
partner, Vanderbilt has also developed processing methods 
to manufacture high aspect ratio wollastonite grades for 
the plastics industry. These products are manufactured 
and marketed both in Europe and the United States.

Table 20.
Natural Wollastonite Demand Trends

Industry 1986 Volume 1986 Value 1989 Volume 1989 Value Annual Growth Rate 
(tpy) (U.S. Smillion) (tpy) (U.S. Smillion) Volume Value

Plastics
Ceramics
Paint
Metallurgy
Others

Total
Exports

22,800
14,300
6,700
6,200
9,500

59,500
18,000

7.9
1.7
1.3
0.5
1.0

12.4
4.5

29,500
16,000
7,500
7,000

11,000

71,000
20,000

10.6
2.0
1.7
0.6
1.3

16.2
6.5

9.007o
S.8%
S.8%
4.1 07o

5.007o

6.1 07o

3.607o

IQ.3%
5.607o
g.3%
e.3%
9.1 07o

g.3%
13.00Xo

Grand Total 77,500 16.9 91,000 22.7 S.5% IQ.3%
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Xonotlite
Presently, the intermediate temperature, rigid insulation 

products represent the largest market for xonotlite- 
containing products (Table 17). Xonotlite crystallizes with 
an acicular morphology in the insulation products to 
facilitate the cement bond during hydrothermal treatment. 
In the last ten years the market for xonotlite rigid insu 
lation products has been shrinking at an S.3% annual rate.

The lime-silica insulation industry is in the decline 
phase of its product life cycle and needs new products 
to maintain reasonable profit margins. In contrast, the 
xonotlite-containing powder products have achieved an 
annual growth rate of J.6% during the last decade.

The market applications for xonotlite-based powders 
are highly diversified and include agricultural products, 
food products, chemical products, paper and paint fill 
ers and many other specialty products.

At the present time, Manville and J.M. Huber are the 
principal North American producers of synthetic xonotlite 
powders. Aspect ratio information for these products is 
not included in the tables of physical properties published 
in the product literature. It is assumed that the aspect 
ratios of the "Micro-Cel" and "Hubersorb" xonotlite 
powders are very low as a result of extensive pulveri 
zation to achieve a high surface area product.

In artificial wood developed by the Japanese cement 
companies UBE and Onoda, synthetic xonotlite fibers 
with high aspect ratios are used as matrix reinforcement. 
The lower density of xonotlite compared to wollasto 
nite aids in simulating the density characteristics of 
natural wood.

The economic success of artificial wood products will 
rapidly increase the demand for high aspect ratio xonotlite 
fillers. Presently no test market results are available 
indicate that the new artificial wood products are com 
petitive in price and performance with natural wood in 
North America.

Olivine
The largest user of olivine in eastern North America 

is the iron and steel industry. About 619fc of the olivine 
consumed is used as a flux and slag conditioner in the 
blast furnace production of pig iron. Pure lump olivine 
is used as a substitute for calcined dolomite and can be 
added directly to the blast furnace charge.

Olivine is wet-ground to the same particle size as iron 
ore fines, and then mixed with the iron ore and other 
additives. The mixed batches typically contain 4to57o 
olivine and are subsequently pressed into pellets.

Substitution of olivine for dolomite reduces the sin 
ter temperature for the iron ore pellets by about 1000C. 
The North American iron and steel industry uses olivine

as an additive in smaller quantities than the European 
and Japanese steel industries. An increase in the con 
sumption of lump olivine is anticipated if the North 
American steel companies follow international trends.

Presently, the North American steel industry is op 
erating near full production capacity. The iron and steel 
business environment is very cyclical and reflects mainly 
the steel demand of the automotive industry. Olivine 
markets tend to soften during the annual slowdown and 
retooling periods of the automakers.

The average price of olivine consumed by the steel 
industry is the lowest among the current market appli 
cations for olivine products. The U.S. domestic olivine 
industry cannot compete at these price levels. Therefore, 
most of the low cost olivine products are imported from 
countries with low-cost mining operations.

Its high melting point, low thermal conductivity and 
low thermal expansion coefficient qualify olivine as an 
ideal metal-casting material. Olivine consumption in the 
foundry industry continues to increase at the expense 
of silica sand.

Olivine products contain no free silica, which is 
suspected of causing silicosis-related health problems. 
In ferrous and non-ferrous metal-casting operations, 
olivine competes not only with silica sand but also with 
zircon and chromite sands. Olivine performs best in 
sodium silicate or clay-bonded mould systems and is 
chosen for its price advantage.

The third largest volume of olivine is consumed by 
the refractories industry, which pays the highest aver 
age price per ton compared to other olivine markets (see 
Table 19). Finely-ground olivine is used as an ingredi 
ent in checker bricks installed in the regenerators of glass 
melting tanks, in soaking pits, copper-holding furnaces 
and hot tops for ingot moulds. The volume stability, high 
temperature strength, slag resistance and creep resistance 
of olivine bricks are superior to dolomite and alumina 
bricks. Olivine costs less than half the price of other 
refractory raw materials because it does not require 
calcination treatment prior to use.

In Europe, olivine has been used extensively as a raw 
material in the manufacture of brick cores for night 
storage heaters. These heating systems are not yet 
available in North America due to the rarity of two-tier 
electric rates for residential consumption. Vermont is the 
only state in the United States that has legislated a two- 
tier rate structure.

In the night heat storage market, olivine is increas 
ingly being replaced by magnetite, which offers supe 
rior heat storage capacities and allows the design of 
narrow baseboard heating units. The specific gravity of 
magnetite is about 609fc higher than for olivine. There 
fore, the magnetite-based heat storage devices require
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Table 21.
Natural Olivine Demand Trends — North America

Industry 1986 Volume 1986 Value 1989 Volume 1989 Value Annual Growth Rate 
(tpy) (U.S. Smillion) (tpy) (U.S. Smillion) Volume Value

Iron St Steel
Foundry
Refractories
Sandblasting
North American
Olivine production

Imports
Total demand

229,000
45,000
10,000
6,000

125,000

165,000
290,000

11.5

2.9

0.9

0.4

8.1

7.6

15.7

175,000

71,000

11,000

13,000

100,000

170,000

270,000

9.6

5.3

1.0

0.9

7.1

9.7

16.8

-S.6%

16.407o

S.2%

29.407o

-7.207o

1 .007o
-2.407o

-5.807o

22.307o

S.6%

31.007o

-4.307o

8.507o

2.307o

less volume than olivine-based units. Future demand 
increases for olivine from the refractory and also the 
sandblasting industries might materialize if olivine is used 
as a substitute for silica in order to reduce the hazards 
of silicosis in the workplace.

The Scandinavian countries have banned the use of 
silica sand for sandblasting due to its silicosis risk. 
Olivine holds only a 19& share of the U.S. pressure 
blasting market, which will increase if stringent new 
federal and state regulations are enforced.

Demand trends and historic growth figures for vari 
ous olivine markets are summarized in Table 21.

Strong market value and volume demand increases 
for foundry and sandblasting olivine products have been 
generated by a combination of low prices, replacement 
opportunities for hazardous materials and superior ma 
terial properties.

The negative growth experienced in the iron and steel 
market is a result of reduced olivine usage and a low 
cost price structure created by offshore suppliers. It is 
estimated that the 2.39fc overall growth rate in value for 
both domestic and imported olivine products might 
continue through the end of the decade.

Industry Profitability 
Analysis

The North American producers of the selected in 
dustrial minerals are mostly privately-owned companies, 
and pertinent data about sales and profits are considered 
proprietary information. Therefore this profitability 
analysis is directed at the overall mineral business rather 
than individual manufacturing companies.

Wollastonite
The natural wollastonite producers in the U.S., NYCO 

and R.T. Vanderbilt, achieved combined 1989 sales and 
production volumes for wollastonite products, includ 
ing exports, estimated at S22.7 million and 91,000 tons 
respectively. Based on these figures the average sales 
price for natural U.S. wollastonite products is calculated 
at 5249.00 per ton.

Both wollastonite-producing companies use surface 
mining operations and have similar mining costs. NYCO 
uses beneficiation methods to remove about 609fc of 
associated minerals from the wollastonite ore. After 
crushing and grinding, special processing steps are used 
for the manufacture of high aspect ratio and surface- 
coated wollastonite grades.

NYCO's sales prices for these specialty grades are 
about two to three times higher than the overall aver 
age selling price (Table 3). The tailor-made, coated 
"Wollastokup" products are unique and are not avail 
able from a competitive source.
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Vanderbilt's wollastonite mines produce a pure ore 
which does not require beneficiation. Its three wollas 
tonite grades are manufactured by regular crushing and 
ball milling operations. Vanderbilt's wollastonite 
manufacturing costs are substantially lower than for 
NYCO. However, the sales prices for low aspect ratio 
ceramic grades are about half the overall average sell 
ing price (Table 2).

Profitability calculations for the natural wollastonite 
industry are based on the cost assumptions listed in the 
Table 22.

The total of the average production cost and the 
standard cost for sales and administration expenses leaves 
a pre-tax income for the natural wollastonite industry 
that amounts to about 259fc of sales. Based on wollas 
tonite industry revenue of S22.7 million in 1989 (Table 
20), the pretax profit is S5.7 million.

Xonotlite
The xonotlite manufacturers represent a diversified 

group of companies, who generally do not report sales 
figures for their xonotlite production. The board and pipe 
insulation producers are currently operating in a highly 
competitive environment characterized by heavy price 
discounting.

North American xonotlite insulation products opera 
tions are considered to be marginally profitable. The 
negative growth experienced in the last decade (Table 
17) is expected to continue into the future.

The two principal xonotlite powder manufacturers, 
Manville and J.M. Huber, are large integrated compa 
nies. The xonotlite powder production represents a small 
portion of their total corporate sales and profit.

The combined 1989 sales and production volumes for 
xonotlite powder products are estimated at 529.0 mil 
lion and 25,000 tons respectively (Table 10 and Table 
17). Based on these figures, the average sales price for 
xonotlite-type powder products approximates SO.58 per 
pound or S l, 160.00 per ton.

Demand and supply capacities for synthetic xonotlite 
powders are well balanced, resulting in a high manu 
facturing capacity utilization rate. The income levels are 
estimated at about 309fc of sales, which amounts to S8.7 
million in pre-tax income for the North American 
xonotlite powder industry.

Olivine
In the last decade the North American olivine 

manufacturing capacity decreased by about 609fc from 
850,000 tons per year to the current 320,000 tons per 
year (Table 12). The manufacturing capacity for the 
Canadian synthetic olivine from Olimag is included in 
the figure.

In 1989 the North American supply capacity for oli 
vine exceeded the 1989 olivine consumption by about 
18*26. The U.S. olivine mining output is about 100,000 
tons per year, which translates into a domestic capacity 
utilization of about 319fc. Imported olivine at 170,000 
tons per year makes up the difference between the do 
mestically produced olivine and the volume of 270,000 
tons consumed in 1989.

The synthetic olivine facility of Olimag Inc. in Que 
bec is designed for a manufacturing capacity of 15,000 
tons per year. The output is earmarked for North 
American markets within a radius of about 500 miles 
from the manufacturing site. The synthetic olivine

Table 22.
Cost Assumptions for Natural Wollastonite Industry

Process

Surface 
Treatment

Total

Average Basic 
Processing Cost

Average Special 
Treatment Cost

Total

Mining/ 
Transportation

Crushing/ 
Sizing

Beneficiation

SS.SO/ton —

S7.50Aon

SGO.OO/ton —

SS.SO/ton

S7.50Aon

$60.00/ton

S74.00Aon S75.007ton S149.00Aon
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Table 23
Market Performance Data for Selected Industrial Minerals

Minerals

Wollastonite
Xonotlite
Olivine
Total

1989
Volume
(tons)

91,000
25,000

270,000
386,000

1989
Value
(U.S.Smillion)

22.7
29.0
16.8
68.5

Annual Growth
Volume

5.50/0
4.50/0

-2.407o

Rate
Value

IQ.5%
7.60/0
2.307o

products are tailored for applications such as blasting 
media, backing sand for steel mills and foundry moul 
ding sands.

During the past ten years two of the four principal 
U.S. olivine producers went out of business. The re 
maining olivine industry is relatively small and depends 
on import sales and value-added products to survive. 
Presently, Applied Industrial Mineral Materials Corpo 
ration (AIMCOR) is the largest U.S. olivine producer, 
supplying about 78*26 of the U.S. consumption. AIMCOR 
acquired the olivine operations from International 
Minerals SL Chemical Corporation (IMC) in 1985.

AIMCOR produces for all of the different olivine 
market segments. A new plant in Aurora, Indiana has 
the capacity to process about 50,000 tons per year of 
olivine imported from Franzefoss in Norway into foundry 
sands and sinter pellets for the iron and steel industry. 
AIMCOR also serves as a sales agent for imported oli 
vine lumps.

Olivine Corporation is the second U.S. supplier of 
olivine products. It has pioneered the development of 
wood waste incinerators using precast olivine construction 
modules. The wood waste incinerator sales account for 
a major portion of the total revenue.

The combined 1989 sales and production volumes for 
olivine products, including imports, were estimated at 
S16.8 million and 270,000 tons respectively (Table 21).

Based on these figures, the combined average sales 
price for olivine products is about 562.00 per ton. The 
largest tonnage markets for olivine are the iron and steel 
industry, which pays the lowest price for olivine prod 
ucts. Low-cost imported olivine has replaced domesti 
cally produced material in this market.

The business strategies of the two remaining U.S. 
natural olivine suppliers and the Canadian synthetic 
producer are very different. Olivine Corporation produces 
value-added products using primarily internally-produced 
olivine. AIMCOR uses primarily external olivine sup 

plies to produce large volumes of low-priced olivine 
grades.

Olimag transforms waste serpentine asbestos tailings 
into asbestos- and silica-free olivine products for local 
markets. The Olimag operation has not yet achieved its 
full production capacity and profit potential.

The manufacturing capacity of the U.S. natural oli 
vine industry is currently operated at very low utiliza 
tion levels. It is estimated that the U.S. olivine industry's 
pretax profits in 1989 stabilized at about 109fc of total 
revenue, that is S 1.7 million. It is assumed that the 
profitability of the value added products company 
(Olimag) is higher than for the low cost mass producer 
and retailer.
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1989 Sales Volumes

Figure 1

1999 Sales Volumes

Figure 2

Sales Forecasts
The business environment for most of the selected 

minerals is strongly influenced by the performance of 
the North American economy and to a much lesser ex 
tent by the world economy. The projected sales forecasts 
for these minerals are based on their past performances. 
Table 23 lists the most recent sales and production vol 
umes, and growth rates for both produced volumes and 
market sales values.

The recent growth rates shown above have been used 
as a basis for projecting annual sales and volume in two- 
year intervals up to the year 1999.

The current market share distribution related to dol 
lar sales volumes for the selected minerals is illustrated 
in Figure l.

In 1989 synthetic xonotlite powder products repre 
sented the largest market value share among the selected 
minerals. Figure 2 illustrates the projected distribution 
of the market sales volumes for the selected minerals 
by the year 1999.

The 1999 projected sales volume forecast indicates 
that wollastonite products will represent the largest share 
among the selected minerals, gained primarily at the 
expense of xonotlite. This forecast is discussed below 
for the selected minerals.

Wollastonite
The forecast for wollastonite sales and consumption 

growth is illustrated in Figure 3. The sales figures are 
expressed in millions of U.S. dollars, and the consumption 
volumes are listed in thousands of tons.

Under the assumption that the current IQ.5% annual 
growth rate for wollastonite sales is sustained during the 
next decade, the market size will triple to S61.6 million 
by the turn of the century.

During the same time period, the S.5% annual do 
mestic consumption growth rate will increase the annual 
volume by about 709fc to 155,000 tons per year. The 
following conditions must be maintained to support these 
growth rates for natural wollastonite:

* sufficient reserves of wollastonite ores
* continued penetration into plastics filler markets
* clean bill of health for high aspect ratio 

wollastonite
* limited competition from synthetic wollastonite 
It is expected that the continued growth in sales prices 

for high aspect ratio and coated wollastonite grades will 
invite competition from synthetic wollastonite and other 
mineral products.

Xonotlite
The declining markets for xonotlite-based, lime-silica 

solid insulation products have been excluded from the 
xonotlite forecast calculations. These products contain
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Figure 3

Wollastonite Growth Projections

1990 1992 1994 

Sales (Millions SUS)

1996 1998 2000 

ZJ Volume (1000s tons)

poorly crystallized xonotlite, together with other hydrated 
lime-silica phases like tobermorite and gyrolite. In ad 
dition, the insulation product formulations include various 
concentrations of other ingredients, such as paper fibres 
and sodium silicates.

Synthetic xonotlite powder products are mostly single- 
phase materials, whose properties are tailored to meet 
individual application requirements.

The projected sales and consumption figures for 
xonotlite powders are illustrated in Figure 4. The an 
nual sales figures are expressed in millions of dollars,

and the consumption volumes are listed in thousands of 
tons.

The 1999 sales of xonotlite powders is estimated at 
S60.0 million, and the demand at 39,000 tons. The 
markets for xonotlite powders are very diversified and 
include agriculture, food processing, chemicals, paper 
and paints and many specialized products. The diversi 
fication of the customer base reduces the economic de 
pendency on any particular market segment.

These projected sales and consumption forecast fig 
ures for xonotlite are based on the assumption that the

Figure 4

Xonotlite Growth Projections

1990 1992 1994 

Sales (Millions SUS)

1996 1998 2000 

3 Volume (1000s tons)
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Olivine Growth Projections

Figure 5

1990 1992 1994 1996 1998 2000 

Sales (Millions SUS) E^ Volume (1000s tons)

previously experienced business environment remains 
stable during the next decade. Selling prices for stan 
dard xonotlite powder products are comparable with the 
prices charged for high aspect ratio and surface coated 
wollastonite grades.

Traditionally, a small number of producers are in 
volved in the synthesis of xonotlite powders. The entry 
of additional xonotlite producers into the market place 
most likely would create competitive price pressures and 
a slowdown in sales volume growth.

Olivine
The accuracy of the projected sales forecasts for 

olivine products depends primarily on the future re 
quirements of the single largest customer, the North 
American iron and steel industry. These requirements are 
influenced by the economic conditions, prevailing prices, 
process technology changes and the availability of low- 
cost substitute materials.

In contrast to wollastonite, the North American re 
serves for olivine ore are at least 400 million tons and 
will last for over 1000 years at projected consumption 
rates. Olivine has a clean bill of health, because fines 
are classified as a nuisance dust and do not cause silicosis.

U.S. olivine producers are granted a 22*26 depletion 
allowance on gross income under the federal tax laws. 
Despite these advantages the olivine business is expected 
to contract further as a result of cyclical demand, low- 
priced imports and limited market applications.

The projected consumption and sales forecast for 
olivine in the North American market is illustrated in

Figure 5. The sales figures are expressed in millions of 
dollars, and the consumption volumes are shown in 
thousands of tons.

The 1999 sales volume for olivine in the North 
American market is estimated at S21.0 million, but the 
demand is reduced from 270,000 tons per year to 215,000 
tons per year.

The high probability of an economic downturn in 
North American business activities during the last de 
cade of this century will primarily be responsible for the 
projected decline in the consumption of olivine prod 
ucts. The projected increase in sales prices is lower than 
the anticipated inflation rate during this period.
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4. Synthetic 
Minerals 
Manufacturing

Manufacturing Processes
In Chapter 3, the analysis forecast revealed that the 

revenue volumes for the selected industrial minerals will 
increase faster than the tonnage consumed. These mar 
ket conditions will provide an opportunity for the syn 
thetic minerals industry to enter and compete in the North 
American markets, despite higher initial capital invest 
ments and operating costs.

The price ranges for the selected minerals are rela 
tively wide as a result of the large product mix required 
to meet the individual customer's needs. A synthetic 
minerals manufacturing operation must diversify its 
product line and target the high-priced product markets.

Technical features and cost implications for com 
mercial synthesis processes are individually discussed 
below for wollastonite, diopside, mayenite, xonotlite and 
olivine.

Synthetic Wollastonite
A total of 30 U.S. patents have been issued describ 

ing various manufacturing methods for synthetic wol 
lastonite. The key patents are listed in Table 24.

Since the early 1970s, Rheinische Kalksteinwerke in 
Wiilfrath, Germany has been a leader in the develop 
ment and production of synthetic industrial minerals. 
Wollastonite, diopside and mayenite are currently pro 
duced on a limited commercial scale.

Pulverized lime and silica raw materials are used for 
the synthesis of wollastonite products. The diopside 
synthesis requires dolomitic lime with a 1:1 CaO:MgO 
molecular ratio. A lime and alumina mixture is used for 
the synthesis of mayenite-type, hydraulically setting 
calcium-aluminate cements.

Milled raw materials are blended to achieve a ho 
mogeneous reaction mixture. Silica fines are added in 
concentrations from 59fc to 109fc in excess of the required 
stoichiometric amount to avoid the formation of the 
undesirable dicalcium silicate phase.

The complete conversion to the desired mineral phases 
requires a significant amount of liquid phase. The wol 
lastonite synthesis is performed at 14500C in a rotary 
cement kiln. The kiln is equipped with a close temperature 
control system and a temperature-controlled cooling zone.

Synthesized wollastonite material is slowly cooled to 
produce a highly crystalline material with a minimum 
amount of glass phase. After cooling, the furnace dis 
charge is milled to the desired particle size. The syn 
thesized wollastonite powders have a high chemical purity 
and a low aspect ratio grain shape.

Rheinische Kalksteinwerke in Wiilfrath manufactures
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Table 24.
Key U.S. Patents Issued for Synthetic Wollastonite Production

Patent Processing Method Assignee

U.S. 3,926,647(1975) 

U.S. 3,967,967 (1976) 

U.S. 3,966,884 (1976)

U.S. 4,047,968 (1977) 

U.S. 4,165,991 (1979) 

U.S. 4,443,550 (1984)

Rotary Kiln Calcination 

Hydrothermal Processing 

Low Temperature Calcination

Phosphate Slag Calcination 

Phosphate Slag Calcination 

Glass Melting/Solidification

Rheinische Kalksteinwerke 

Reinbold A Strick

Bureau de Recherches Geologiques 
et Minieres

Dyckerhoff Cement 

Dyckerhoff Cement 

Nippon Sheet Glass Co.

four different grades of wollastonite products classified 
as SW, SM, SE and SG.

The typical chemical properties of the synthetic 
wollastonite grades are summarized in Table 25.

The synthetic wollastonite grades are categorized into 
two product groups, depending on their iron content. The 
SW grade is classified as an extremely low-iron prod 
uct, whereas the other grades are characterized only as 
low-iron products. The iron content of the SW grades 
is substantially lower than for natural wollastonite 
products.

The SW and SM synthetic wollastonite grades are used 
primarily for ceramic applications that require a low

concentration of colouring oxides. The SW material is 
used extensively for the production of water-insoluble 
white glazes or glaze frits.

The SE and SG synthetic wollastonite grades are 
classified as low-sulphur and low-phosphorus and are 
used for metallurgical purposes.

Synthetic Diopside
A total of seven U.S. patents have been issued de 

scribing various manufacturing processes for synthetic 
diopside. The key patents are listed in Table 26.

The manufacturing process developed by Rheinische

Table 25.
Chemistry of Wulfrath Synthetic Wollastonite

Theoretical 
Composition 
CaOSiO2

SiO2 51 .7007o
CaO 48.3007o
MgO —
AI2O3 —
Fe2O3 —
S —
P —
L.O.I. —
Total 10007o

Product Grades

SW

53.5907o
45.31 07o

Q.47%
u.20%
u.0075%

n.d.
n.d.

Q.34%
99.9207o

SM

52.6007o
45.7007o

Q.60%
Q.50%
Q.20%

n.d.
n.d.

Q.40%
10007o

SE

52.3607o
45.4407o

0.61 07o
Q.38%
Q.19%

34 ppm
38 ppm

Q.035%
99.0207o

SG

52.5807o
45.6607o

Q.55%
Q.47%
Q.22%

80 ppm
80 ppm

0.3607o
99.8007o

Source: Producer Literature
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Table 26.
Key U.S. Patents Issued for Synthetic Diopside Production

Patent Processing Method Assignee

U.S. 3,652,207 (1972) 
U.S. 3,926,647 (1975)

Autoclave Milling Process 
Rotary Kiln Calcination

Rheinische Kalksteinwerke 
Rheinische Kalksteinwerke

Kalksteinwerke for synthetic diopside is very similar to 
the sintering method used for wollastonite. The diop 
side synthesis requires calcined dolomite with a 1:1 
CaO:MgO molecular ratio, which replaces the lime used 
in the wollastonite process. Wiilfrath produces one type 
of diopside primarily for ceramic glaze manufacturing 
and another type for metallurgical applications. The 
chemical properties of the synthetic diopsides are listed in 
Table 27.

Diopside has a lower melting point than wollastonite 
(Table 1) and can be used as a substitute material for 
wollastonite in some applications. It forms low-viscos 
ity melts that absorb alumina, which results in a melt 
ing point and viscosity increase. Diopside acts as a slag 
thinner in hot metal desulphurization processes and is 
used as a replacement for calcium fluoride in welding 
and casting powders.

Synthetic Mayenite
A U.S. patent search did not produce any mayenite- 

related patent. Mayenite is only available as a synthetic 
mineral. The solid state manufacturing process for 
mayenite is very similar to the sintering method used 
for wollastonite and diopside. The pulverized raw ma 
terials for the mayenite synthesis include calcined lime 
and alumina in 12:7 molecular ratio. The short sintering 
interval for mayenite requires very close temperature 
control in a rotary kiln operation.

Table 27.
Typical Chemistry of
Wulfrath Synthetic Diopside

Theoretical Composition Product 
CaO-MgO-SiO2 Grade

SiO2
CaO
MgO
AI 2O3
Fe2O3
L.O.I.
Total

55.6007o
25.9007o
18.5007o
—
—
—

1 0007o

55.6807o
25.7207o
16.3707o
rj.44%
Q.29%
Q.24%

98.7407o

Rheinische Kalksteinwerke in Wulfrath manufactures 
two mayenite products classified as low magnesia and 
high magnesia grades. The chemical properties of these 
synthetic mayenites are listed in Table 28.

In France, Lafarge uses a proprietary fusion/melting 
process for the production of synthetic mayenite. Lafarge 
is the only manufacturer of a relatively pure mayenite 
material, which is sold worldwide.

Synthetic mayenite is used primarily in metallurgi 
cal processes, such as hot metal desulphurization, alu 
mina refining and low-silicon steel. Mayenite absorbs 
significantly larger concentrations of sulphur than wol 
lastonite or diopside.

Table 28.
Typical Chemistry of Wulfrath Synthetic Mayenite

Theoretical Composition 
12CaO-7 AI2O3

Synthetic Minerals Manufacturing

Product Grade 
Low MgO High MgO

CaO
AI2O3
MgO
SiO2
Fe2O3
Total

48.5007o
51.5007o
—
—
—

10007o

51.150/0
44.6007o

Q.75%
2.9007o
Q.40%

99.8007o

45.9007o
46.300Xo

4.6007o
2.7007o
0.4007o

99.9007o
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Table 29.
Key U.S. Patents Issued for Synthetic Xonotlite Production

Patent Process Method Assignee

U.S. 3,652,207 (1972) 
U.S. 3,915,725 (1975)

U.S. 4,179,303 (1979) 
U.S. 4,402,892 (1983) 
U.S. 4,849,195 (1989)

Autoclave Milling 
Hydrothermal Reaction

Pressure Autoclaving 
Pressure Autoclaving 
Pressure Autoclaving

Rheinische Kalksteinwerke 
Agency of Industrial Science and 
Technology (Japan) 
Owens-Corning Fiberglas 
Owens-Corning Fiberglas 
Redco N.V.

Synthetic Xonotlite
A total of six U.S. patents have been issued describ 

ing various manufacturing processes for synthetic 
xonotlite. The key patents are listed in Table 29.

Xonotlite is a hydrated lime-silica material, which 
converts to beta-wollastonite after complete dehydration. 
In 1978 a West German firm performed the first com 
mercial-scale production of synthetic xonotlite using a 
hydrothermal process. A 1972 U.S. patent assigned to 
Rheinische Kalkwerke describes a hydrothermal process 
in conjunction with simultaneous comminution of a lime- 
silica mixture. In this process the calcined lime and silica 
sand starting materials are mixed and simultaneously 
hydrated in an autoclave mill.

The exothermic reaction of calcined lime and water 
increases the reaction temperature above 2000C. As soon 
as the temperature in the autoclave mill starts to decrease, 
the addition of water is stopped. The mineral slurry is 
filtered to remove the xonotlite solids. Table 30 com 
pares the chemical composition of synthetic xonotlite 
with synthetic wollastonite.

The chemical composition of synthesized xonotlite 
material after calcination is almost identical to the 
theoretical wollastonite formula. Dried synthetic xonotlite 
powder has a particle shape described as very thin

platelets. The material provides a high degree of white 
ness and is therefore used as a white pigment extender 
in paints and paper products.

The calcination of xonotlite in a rotary kiln at tem 
peratures of about 12000C transforms the material into 
a beta-wollastonite type product. A combination of hy 
drothermal and calcination process equipment offers the 
potential for a co-production of synthetic xonotlite and 
synthetic beta-wollastonite. It is assumed that the large 
shape factor for synthetic xonotlite is maintained after 
the xonotlite/beta-wollastonite transformation process.

Synthetic Olivine
A total of 12 U.S. patents have been issued dealing 

with various aspects of olivine production. Only U.S. 
patent 4,519,811 (1985), assigned to Societe" Nationale 
de 1'Amiante (SNA) of Quebec, describes a synthesis 
method for olivine production using serpentinite tailings 
as the raw material.

CERAM-SNA Inc. has developed the process tech 
nology and built a pilot plant to investigate the com 
mercial manufacture of synthetic olivine. Olimag, Inc. 
has obtained a license from CERAM-SNA to produce 
the synthetic olivine under the tradename "JETMAG".

Table 30.
Chemistry of Synthetic Xonotlite and Wollastonite

Theoretical Compositions 
6CaO6SiO2 -H2O CaO-SiO2

SiO2
CaO
AI2O3
MgO
L.O.I.

47.100/0
50.4QO/0
—
—

2.5QO/0

51 .7QO/0
48.300/0
—
—
—

Xonotlite 
Uncalcined

47.2QO/0
44.6007o

Q.50%
Q.75%
7.1007o

Xonotlite 
Calcined

50.7907o
47.9907o

Q.54%
Q.56%

—

Wollastonite 
SW Grade

53.590/0
45.31 o/o

Q.20%
0. 4707o
Q.36%

Total 1000Xo IOQ.00% 99.970/0 99.930/0
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The synthetic olivine process uses thermal energy to 
decompose the serpentinite raw material into enstatite 
and forsteritic olivine. Crushed serpentinite is heated in 
a rotary furnace to about 12500C to remove the water 
of crystallization and to recrystallize the material into 
anhydrous magnesium silicates. The mineralogical 
transformation is illustrated by the following reaction:

3MgOr2SiO2 -2H2O   > Mg-SiO2 + Mg2SiO2 * 2 H2O
Heat treatment of the synthesized olivine-enstatite 

mixture results in the formation of a magnesium and iron- 
rich binder phase which cements the fine particles and 
reduces the dust content in the synthetic olivine sand.

The major commercial application for this synthetic 
enstatite-olivine sand is for blast cleaning of buildings, 
bridges, ship hulls and other structures. Synthetic oli 
vine is a non-toxic material and produces only small 
amounts of dust during pressure blasting operations.

Production Economics
The economics for a synthetic industrial minerals 

operation are a function of a number of controlling pa 
rameters such as raw materials costs, processing costs 
(including capital costs), production demand (including 
utilization) and final market prices.

The actual production costs for the processes devel 
oped by synthetic mineral manufacturers are treated as 
confidential information. In most wollastonite patents 
rotary furnaces are used for the calcination process, which 
requires temperatures ranging between 12000 C and 
14500C. It is generally believed that the operating costs 
for commercial rotary furnaces add about SSO/ton to the 
cost of the material in process.

A newly-developed and commercialized mineral fu 
sion process offers the potential for synthesizing wol 
lastonite and olivine from inexpensive raw materials. The 
mineral fusion process was developed by Geotech De 
velopment Corporation for the disposal of abated asbestos 
and other toxic substances. EPA estimates that about 
2,600,000 tons of asbestos waste material are removed 
annually, and that this waste might be converted to 
synthetic olivine. The fusion furnace feed can be either 
dust fines, dried sludge or lumps.

Fused asbestos material is transformed into an amor 
phous olivine-type glass, which can be further processed 
into solid shapes, pellets or fibres. The olivine pellets 
can be used as blasting grits and for other applications.

The mineral fusion process system consists of a water- 
cooled, double wall steel vessel with submerged elec 
trodes. The nine-foot diameter vessel is automatically 
fed and is designed to bottom-pour continuously. The 
electrical energy requirement is about 400 to 600 kWh 
per ton of molten product. The fusion capacity of a single 
furnace during 24 hours of continuous operation is about 
100 tons/day or about 30,000 tons per year.

U.S. patent 4,443,550 describes a process for con 
verting molten wollastonite glass into high aspect ratio 
wollastonite fibres by using controlled cooling condi 
tions and special additives.

The synthesis of xonotlite-type material requires 
hydrothermal processing methods. The choice of energy 
sources for the steam generators can be either gas or oil 
and, in special cases, electricity. Autoclave processes are 
highly energy intensive as a result of the long tempera 
ture and pressure holding periods. A typical autoclave 
cycle requires a temperature of about 2100C, a saturated 
steam pressure of 19 bars, and a 12- to 15-hour hold 
ing period. The energy requirement for autoclave pro 
cessing of synthetic xonotlite is estimated at the 
equivalent of about 400 kWh per ton.
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Competitive Analysis
Advantages of Synthetic Minerals 
Production

The most important advantages of synthetic miner 
als compared to natural minerals are the higher consis 
tency, chemical purity and large supplies achieved 
through modern processing methods. These character 
istics are essential for meeting the increasing product 
quality requirements and market volume demands.

Raw materials needed for the synthesis of wollasto 
nite and xonotlite are lime and silica sand, which are 
produced at many locations close to major user markets. 
In contrast, the natural minerals are normally mined in 
remote locations away from major markets on either the 
West Coast or East Coast.

The process flexibility for mineral synthesis provides 
the opportunity to manufacture minerals with unique 
properties that are not found in natural minerals. The 
performance of synthetic olivine as a blasting medium 
can be superior to natural olivine. It is conceivable that 
a synthetic wollastonite can be produced with a specific 
and reproducible high aspect ratio. The control of the 
wollastonite fibre dimensions would diffuse current health 
hazard concerns.

Disadvantages of Synthetic Minerals 
Production

The initial disadvantages for synthetic minerals are 
their higher capital and production costs. The econom 
ics of natural minerals such as olivine, which are available 
in many areas and in large, easy-to-mine deposits, are 
superior to their synthetic counterpart. Only in special 
circumstances, such as in the OLIMAG asbestos waste 
disposal example, is the production of synthetic olivine 
economically viable.

The selected synthetic minerals have been rated be 
low to determine the competitive strengths compared to 
their natural counterparts. Individual categories are ranked 
between l and 10 points, with 10 representing the 
strongest competitive edge compared to natural minerals.

This rating system attempts to quantify the techni 
cal and marketing information presented in previous 
chapters. The results of the competitive analysis are 
summarized in Table 31.

Synthetic xonotlite received the highest rating for 
competing with natural xonotlite. Next in line follows 
synthetic wollastonite, which is currently not available 
as a substitute for high aspect ratio natural material. It 
is anticipated that a newly-developed synthetic wollas 
tonite manufacturing process will be capable of producing 
a controlled aspect ratio material. The potentially higher 
production cost for synthetic diopside and mayenite re 
duces the economical attractiveness of these materials 
compared to synthetic wollastonite.

Table 31.
Competitive Analysis for Synthetic Minerals

Properties 
Advantage

Wollastonite
Diopside
Mayenite
Xonotlite
Olivine

6
7
7
9
5

Production R 8c D 
Status Status

8
7
6
8
8

7
6
6
9
6

Cost 
Structure

5
6
7
8
5

New 
Applications

5
4
3
9
2

Market Total 
Penetration

5
3
2
8
2

36
33
31
51
28
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Table 32.
Capital Cost Comparison for Natural and Synthetic Minerals Production (30,000 typ)

Capital Items Natural Minerals Plant Synthetic Minerals Plant
Total Capital Capital/ton Total Capital Capital/ton
(U.S.Smillion) (U.S.S) (U.S.Smilllon) (U.S.S)

Mining
Crushing
Beneficiation/Fusion
Total

1.6
1.4
8.0

11.0

40/ton
35/ton

200/ton
275/ton

—
1.4
6.0
7.4

—

35/ton
1 50/ton
1 85/ton

Profitability and Investment
The manufacture of synthetic minerals requires a 

different set of production tools than those that are used 
at natural mineral operations. The mineral synthesis is 
generally performed under elevated temperature condi 
tions using rotary furnaces, fusion furnaces and/or au 
toclaves. The prevailing energy rates and the energy 
consumption quantities are therefore critical factors in 
the cost structure and profitability for synthetic mineral 
processes.

The fusion process exhibits the highest energy cost . 
The electrical energy cost component represents between 
609fc and 15^c of the total production costs. Use of natural 
gas or fuel oil reduces the energy cost portion to about 
509fc to 607o.

The capital requirements for a synthetic minerals plant 
are comparable with natural minerals operations at 
equivalent capacity levels. The capital investment for a 
30,000 tons per year fusion process plant is about S185 
per ton of installed annual manufacturing capacity. Table 
32 compares the capital requirements of a 30,000 tons 
per year natural minerals operation with a 30,000 tons 
per year synthetic minerals manufacturing plant using 
fusion.

A synthetic mineral fusion plant is not integrated with 
any raw material supply operation. The required basic

raw materials are usually purchased from outside sources. 
A mining operation is, however, the essential part of an 
integrated natural minerals operation. The capital for 
mining and beneficiation facilities for natural wollas 
tonite increases the investment amount by about 30*^ 
above the synthetic minerals capital cost.

Synthetic xonotlite manufacturers use mostly 
captively-produced raw materials, so capital costs should 
include a portion of the mining and crushing plant in 
vestments. The capital cost for a synthetic xonotlite 
operation is estimated at 309fc higher than for a wollas 
tonite fusion plant.

Production costs for natural wollastonite include 
mining, transportation, crushing and beneficiation costs. 
A comparison of the operating costs for natural and 
synthetic mineral production with 30,000 tons per year 
capacity is presented in Table 33.

Neither the natural nor the synthetic wollastonite 
grades are surface-treated. The 1989 average selling price 
for wollastonite with no surface treatment was about 
S240Aon. Assuming an overhead cost structure equal to 
the direct manufacturing costs results in a gross mar 
gin of 629fc for the natural wollastonite business. The 
corresponding gross margin for synthetic wollastonite 
is 559fc.

Synthetic wollastonite producers have an opportunity 
to exploit the shortfalls of the natural wollastonite

Table 33.
Operating Cost Comparison for Natural and Synthetic Minerals Production (30,000 tpy)

Capital Items Natural Minerals Plant Synthetic Minerals Fusion Plant

Mining/Transportation 
Crushing/Sizing 
Beneficiation/Fusion 
Total

S6.50/ton
S7.507ton

S60.007ton
S74.007ton

S25.007ton
S7.507ton

S45.507ton
S78.007ton
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Table 34.
Financial Projections for Synthetic Mineral Production

Cost Data Wollastonite Xonotlite Olivine

Average Sales Price
Production Costs
Estimated Pre-tax Profit

as Percent of Sales
Capital Investment

S240.007ton
S78.007ton

2007o
Sl85.007ton

Sl160.007ton
Sl98.007ton

3007o
S240.007ton

S97.507ton
S70.507ton

1007o
Sl85.007ton

suppliers, which are related to product purity, limited 
reserves and distance to markets. In addition, the de 
velopment of special wollastonite grades for high-priced 
applications in niche markets can increase the average 
price for the synthetic material. Higher sales revenues 
will balance the higher production cost for synthetic 
wollastonite and produce a profit margin comparable with 
the natural wollastonite industry.

The average 1989 selling price for natural olivine was 
S62.007ton (Table 19). The cost calculation for synthetic 
olivine production includes S25.007ton for mining and 
transportation costs and S45.5(tyton for fusion furnace 
processing, which total S70.507ton. An average selling 
price of about Sl40.007ton is needed to establish a 
profitable synthetic olivine operation.

Based on similar energy requirements, it is assumed 
that the basic production costs for synthetic xonotlite are 
comparable with the costs for synthetic wollastonite C$78/ 
ton). One synthetic xonotlite manufacturer uses captively- 
produced diatomaceous earth raw material valued at about 
Sl207ton, which increases the production costs to S198/ 
ton.

The financial projections for the synthetic minerals 
operations are summarized in Table 34.
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5. Comparison of 
Synthetic and 
Natural Minerals

Mineral Powder 
Characteristics

Individual market applications for natural and syn 
thetic minerals are based on specific property charac 
teristics related to chemistry, particle shape, sinterability, 
hardness, density, etc.

Wollastonite is added to ceramic formulations to 
improve sinterability and reduce the firing shrinkage. 
High aspect ratio wollastonite is added to plastic for 
mulations to increase stiffness and the strength proper 
ties of the material. Olivine is added to blast furnace 
charges to chemically react with the slag, and the hard 
ness of the material supports its use in blasting grit ap 
plications.

The general processing tools for controlling the 
properties of natural minerals are selective mining, 
beneficiation and surface modification processes. 
Chemistry and particle morphology are limited by the 
nature of the mineral deposit.

In contrast, synthetic minerals processes are controlled 
by a large number of variables, which might enable the 
production of materials with unique properties. At the 
present state of synthetic minerals technology, some 
properties of natural minerals have not been reproduced 
in their synthetic counterparts. Table 35 summarizes and 
compares the property characteristics of natural and 
synthetic industrial minerals.

The properties of synthetic minerals depend on the 
processing method used. The Wiilfrath rotary furnace 
operation for synthetic wollastonite yields a high-purity 
material with a very low aspect ratio, which is not suit 
able for reinforcing plastics. The Nippon Sheet Glass 
Co. fusion/rapid cooling method produces synthetic 
wollastonite with an average aspect ratio of 25:1. It is 
technically feasible to produce synthetic wollastonite with 
properties superior to the natural material.

The chemical properties of synthetic and natural 
olivine are very similar. The chemistry of synthetic olivine 
is primarily controlled by the composition of the raw 
material, which includes serpentinite and asbestos tail 
ings. The Canadian synthetic "JETMAG" olivine prod 
uct exhibits a higher toughness and blast-cleaning 
performance compared to natural olivine sand.

Large-scale use of synthetic xonotlite in the paper and 
paint industry started about 30 years ago. The critical 
material properties are purity, brightness and the shape 
factor of the xonotlite crystals. Natural xonotlite is not 
available in the quantities and the consistencies required 
to compete with the synthetic material.
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Table 35.
Comparison of Key Properties of Natural and Synthetic Minerals

Natural Wollastonite
Synthetic Wollastonite 
Synthetic Xonotlite 
Natural Olivine
Synthetic Olivine

Iron Oxide 
Range

0.34-1 .0007o
u.075-0.22% 
n.d. 
G.0-8.2%
S.3%

LO. l. Range 
11000C

u.55-2.04%
u.34-0.36%
6.1 07o

0.6-1. 807o
Q.7%

Aspect Ratio 
Range

3:1-20:1
1:1-3:1 
60:1 
n.a.
n.a.

Typical 
Brightness

8707o
9207o 
9407o 
n.a.
n .a.

Production Technology 
Status

The countries with a deficiency in natural industrial 
mineral resources are the most active in the development 
of synthetic mineral processes. A number of European 
and Japanese cement or glass companies have pioneered 
the production of synthetic wollastonite. These compa 
nies are Rheinische Kalksteinwerke and Dyckerhoff 
Zementwerke of Germany, and Nippon Sheet Glass Co. 
of Japan.

The raw material requirements for the synthetic 
mineral production are a function of the employed pro 
cess technology. Solid state reaction methods demand 
highly reactive starting materials with surface area val 
ues above 2.0 m27g. Some natural silicas such as diato 
maceous earth, chalk, pumice, tripoli and others exhibit 
high surface areas and are being used as raw material 
for the synthesis of both xonotlite and wollastonite.

Rheinische Kalksteinwerke produces, on an experi 
mental basis, commercial quantities of synthetic wol 
lastonite, diopside and mayenite to gain production and 
also marketing experience. The company is not interested 
in granting technology licenses for synthetic minerals 
at this time.

The manufacturing technology for synthetic xonotlite 
powders is very mature and is based on the hydrother 
mal treatment of a reactive lime-silica mixture. The in 
durated slurry is dewatered on a rotary-drum vacuum 
filter. The final drying of the synthetic xonotlite pow 
der is accomplished in a rotary dryer. Certain xonotlite 
grades are calcined to reduce the surface area of the 
material. Calcination above 1125 0 C transforms the 
xonotlite into beta-wollastonite.

Since synthetic xonotlite powders command a higher 
average selling price than wollastonite, it is generally 
not economical to produce synthetic wollastonite from 
xonotlite.

Manville Corporation in Lompoc, California uses 
diatomaceous earth as the active silica raw material. 
Synthetic xonotlite manufacturers in Europe, such as 
Eternit A.B. and Quartzwerke A.G., are using silica fines 
with an average particle size of l micron.

Traditionally, synthetic xonotlite powders have been 
used as functional fillers in the paper and paint indus 
tries. The use of xonotlite as a flame-proofing compound 
in thermoplastic polymers prevents dripping in an open 
flame (U.S. Patent 4,612,344). Many new product ap 
plications for xonotlite have been developed which take 
advantage of its high absorption capacity for liquids and 
gases.

UBE Industries' Cement Division and Onoda Cement 
Co., Ltd. are the largest Japanese manufacturers of ar 
tificial wood products, which contain sizeable quanti 
ties of synthetic xonotlite fibres as a matrix reinforcement. 
UBE's "Woodyceram" and Onoda's "Ace-Lite" artifi 
cial wood products are currently not manufactured or 
sold in North America. UBE Industries has expressed 
an interest, however, in licensing the "Woodyceram" 
technology to manufacturers in foreign countries.

In Canada, Societe Nationale de 1'Amiante (SNA) 
developed a patented process for the synthesis of oli 
vine from serpentine tailings for sandblasting applica 
tions. SNA has licensed the process to Olimag Inc., which 
has established a 15,000 tons per year capacity rotary 
furnace operation for manufacturing synthetic olivine, 
primarily for the North American sandblasting market. 
The selling prices for Olimag's synthetic olivine range 
from S75.00Aon to S120.00Aon, with an average of 
S97.50Aon. The average price paid for the Olimag product 
is about 30*26 higher than the average North American 
price for natural olivine.
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Strategic Analysis of 
Opportunities

The economics of a synthetic mineral manufacturing 
operation depend primarily on the selling prices of the 
finished product. Premium selling prices for synthetic 
mineral products are needed to absorb the initially higher 
capital and production costs for a new manufacturing 
installation. The natural minerals industry operates fi 
nancially heavily depreciated installations and enjoys 
lower cost structures.

Premium prices are paid for high aspect ratio grades 
of wollastonite powder, which are generally not yet 
available as a synthetic product. Efforts should be ex 
panded to synthesize wollastonite and also xonotlite with 
controlled aspect ratios. The fibre dimensions are very 
critical with respect to potential health hazards and must 
be maintained in a safe size range. Synthetic mineral 
processes offer potentially a great advantage in being 
able to control the fibre dimensions. The synthetic 
minerals industry should overcome the environmental 
concerns overshadowing the natural wollastonite industry.

Premium-priced products greatly enhance the prof 
itability of industrial minerals compared to low- and 
medium-priced grades. The shipping cost of premium 
products represent a much smaller percentage of the 
product value. Synthetic mineral producers should aim 
at manufacturing high value-added products with nar 
row specifications and properties which cannot be 
matched by natural minerals. Synthetic minerals suc 
cessfully produced and marketed in the North America 
should also be competitive in world markets.
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6. Conclusions Industrial minerals with demonstrated and projected 
high growth rates in market value represent the best in 
vestment candidates for synthetic mineral manufacture. 
Wollastonite offers the strongest market value growth es 
timated at 10.5 ^o per year, followed by xonotlite with a 
growth rate of T.6% per year.

The wollastonite synthesis process must produce prod 
ucts that have acicular morphologies and tightly-controlled 
aspect ratios. The high-priced markets for wollastonite 
require an engineered material to perform very specific 
functions. Synthetic wollastonite without these features 
cannot compete effectively with natural wollastonite in the 
reinforcing filler markets.

Therefore, it is recommended to license Japanese min 
eral fusion technology for a first North American synthetic 
wollastonite operation and to locate the plant in close 
proximity to a hydroelectric facility in order to minimize 
electrical power costs. The fusion method is capable of 
producing the required controlled aspect ratio synthetic 
wollastonite powders.

The pre-tax profit potential for synthetic wollastonite 
producers is projected at about 20*?fc of sales, compared to 
about 25 9fc estimated for the natural wollastonite industry.

Synthetic xonotlite is an engineered material and offers 
the highest profit potential among the selected industrial 
minerals. The applications for synthetic xonotlite powders 
are highly diversified and include many different markets. 
The new artificial wood products developed by Japanese 
cement companies require large quantities of synthetic 
xonotlite, which is used as a matrix reinforcement agent.

Olivine exhibits the lowest value growth rate of 2.3*?fc, 
which is far less than the inflation rates for most industri 
alized countries. The production of synthetic olivine is not 
recommended under normal economic circumstances. The 
production cost structure might change significantly, 
however, if the synthesis of olivine is combined with the 
abatement of asbestos or other hazardous raw materials. 
The pre-tax profit for both the natural and synthetic oli 
vine industry is estimated at 10*2fc of sales.

In Europe, the industrial minerals diopside and mayenite 
have gained only limited market penetration, primarily in 
the metallurgical industry. In North America natural diop 
side is generated as a by-product of wollastonite ore 
beneficiation and has not found any commer 
cial application. A synthetic wollastonite production op 
eration is generally equipped to also produce synthetic 
diopside and mayenite powders.

The prospect of a virtually unlimited supply of 
synthetic, engineered industrial minerals with controlled 
properties should generate strong market interest, particu 
larly in light of the periodic shortages and inconsistencies 
of quality experienced for natural products.
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