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Commodities, Part 5

Manganese, nepheline syenite,

silica, strontium, sodium sulfate,

talc, trona (soda ash), niobium,
zeolites, zircon




Schedule

project presentations next Wed
This weekend potash mine, Carlsbad
Final and project report due May 10



Manganese




Introduction

Manganese (Mn) was discovered by Scheele and
Isolated by Gahn in 1774

A silver—gray metal, resembling iron but
harder and more brittle

Forms 0.09% of earth’s crust

Atomic Number : 25

Relative Atomic Mass : 55

Melting Point : 1245°C

Boiling Point : 2150°C

Relative Density : 7.43

Hardness on Mohs scale: 5.0



http://www.ucc.ie/ucc/depts/chem/dolchem/html/elem/elem025.html
http://www.theodoregray.com/PeriodicTable/Elements/027/
http://www.theodoregray.com/PeriodicTable/Elements/027/

Manganese Minerals
Mineral  |Chemical Composition % Mn

Hausmanite
Faolianite

Pyrolusite

 Mn does not occur In
nature as a native
metal, but in over 100
minerals including,
oxlides, carbonates
and silicates

Bahin Mn 0, _(OH,

15

Mn Oxides W

(FeMnZnodFe My, O, 1Y




Commonly Mined Mn Minerals

Pyrolusite (MnO,)

Rhodochrosite (MnCO,)



http://mineral.galleries.com/minerals/oxides/psilomel/psilomel.jpg

Geology of Mn ores

e Occurs worldwide In various geological
environments

* Two major types of economic Mn ore deposit
— Sedimentary deposits
— Residual deposits

« Minor type of ore deposit
— Metamorphic deposits



: Geology of Mn ores

o Sedimentary deposits

— the most common, usually stratiform or lenticular. Formed by
chemical processes during the deposition of marine sediments.
Contain manganese oxides and carbonate minerals, interbedded
together or with limestone or shale

* Residual deposits

— formed by alteration of existing manganese deposits or by
concentration of the manganese minerals when other minerals
are washed away by weathering or ground water processes

e Metamorphic deposits

— regionally metamorphosed sedimentary or residual deposits,
occurring in marbles, slates, quartzites, schists, and gneisses



: Manganese Nodules

Potato-size chunks of Mn mixed with Fe, Ni, Co and
other useful metals

Exist in deep ocean floors: e.g., at depths between
14,000ft and 17,000ft in the Pacific ocean

Deep Ocean Mining Project

— Howard Hughes built Glomar Explorer at a cost
of over $200 mil, funded by CIA, to retrieve a
Soviet submarine on June 20, 1974.

— The Soviet Golf-1l Class ballistic missile
submarine had sunk on April 11, 1968, ~750
miles northwest of Hawalii

— (Miners News, Vol. 20, Issue 1)
Manganese nodules have not been mined yet



http://www.theodoregray.com/PeriodicTable/Elements/027/
http://www.theodoregray.com/PeriodicTable/Elements/027/
http://www.theodoregray.com/PeriodicTable/Elements/027/

Major World Mn Deposits
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Major Mn deposits in USA

Cuyunairon range, MN

Chamberlain, SD

2yt
(o [
WY S0

Three Kids, NV . TF':I

g MNE

' uT
CO | ks

.. // GH
Artillery Mountain, AZ I _. bl . Appalachian:
ﬁfﬂb _ Le—'—% \Shenandoah
H & : e iy Valley, VA, via

_Cartersville,

' Batesville, AR ™ GA, toAL

http://www.aphis.usda.gov/vs/nahps/approved markets/usa-map-bw.jpg




Salient Statistics—United States:'’
Production, mine-
Imports for consumption:
Manganese ore
Ferrﬂmanganese
S|Ilmmanganese
Exports:
Manganese ore
Ferromanganese
Silicomanganese
Shipments from Government stockpile excesses:”
Manganese ore
Ferromanganese
Consumption, reported:”
Manganese ore
Ferromanganese
Silicomanganese
Consumption, apparent, manganese
Price, average, 46% to 48% Mn metallurgical ore,
dollars per metric ton unit, contained Mn:
G«:asté insurance, and freight (c.i.f.), U.S. ports®
CNF~ China, Ryan's Notes
Stocks, prﬂducer and consumer, yearend:
Manganese ore®
Ferromanganese
Silimmanganes%
Met import reliance ™ as a percentage of
apparent consumption




World Mine Production and Reserves (metal content): Reserve estimates have been revised from those
previously published for Brazil (upward), Gabon (downward), and South Africa (upward), as reported by the

Government of Brazil and the major manganese producers in Gabon and South Africa.

Mine production Reserves'®
2010 2011°

United States — — —
Australia 3,100 2,400 53,000
Brazil *780 1,000 110,000
China 2,600 2,800 44,000
Zabon 1,420 1,500 21,000
India ®1.000 1,100 56,000
Mexico 175 170 4,000
South Africa 2,900 3,400 120,000
Ukraine *540 340 140,000
Other countries 1,340 1,400 Small

World total (rounded) 13,9300 14,000 630,000

World Resources: Land-based manganese resources are large but irregularly distributed; those of the United States
are very low grade and have potentially high extraction costs. South Africa accounts for about 75% of the world's
identified manganese resources, and Ukraine accounts for 10%.
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Uses of Manganese

Manufacture of steel and other important alloys

— Mn removes impurities such as sulfur and oxygen
and improves rolling and forging qualities as well
as strength, toughness, and durability in steel

Depolarizer in dry cells

Pigments, glazes, colors, paint dryers and
preservatives

As a catalyst and laboratory reagent, e.g., potassium
permanganate



Uses of Manganese

Enzymes for the metabolism of fats and proteins

Food supplement

— To regulate blood sugar levels and support the immune
system

— To aid bone development and reproduction
— To provide vitamin K and the B-complex group

Dry feeds for cattle, pigs, & poultry

— It helps to prevent breeding complications in cattle,
ensures optimum growth for pigs, and aids hatchablllty
and shell quality in poultry i

Fertilizers and fungicides




Nepheline syenite




Nepheline syenite

light-colored, silica-deficient feldspathic
Igneous rock

sodium and potassium feldspars
nepheline, no quartz
not mined in US but in Canada



Nepheline syenite—properties

* In glass, alumina from nepheline syenite
Improves product hardness, durability,
and resistance to chemical corrosion

 In ceramics, nepheline syenite Is used
as a flux, melting at an early stage In
the firing process and forming a glassy
matrix that bonds together the other
components of the system



Nepheline syenite

» alumina acts as a matrix of stabilizser,
enhancing the workability of molten glass,
and increasing the resistance for scratching,
breaking and chemical protection

o alkali acts as a flux agent, lowering the
melting temperature of the batch (no need
for soda ash)



Uses

Glass
Ceramics

Fillers, extenders, paint, coatings, roofing
granules

Dimension stone, aggregate, abrasive

Alumina source

— Russia produces most of its alumina from
nepheline syenite



Table 3. Production of nepheline syenite, by country,

South

Year Russia Canada Morway Turke:,r Africa’
1980 nal K3 217 na na
1981 nc TiTs iy na no
1982 na 2,838 z na no
1783 n 23,2 219,565 na Mo
1784 nicy 320,640 3 na na
19835 nicy 457 184 z na na
1984 nicl 749 218,42 na na
1987 nicl 308, 240, na na
1788 mict 37,83 na na
1798% ne 728 &, 000 na
1990 nicl 308 &, 000 na
1991 n 484,000 Z &, 000 20,9565
1922 LS00,000 S&&,000 -dﬂ 000 & 000 no
1923 390,000 549,000 315,000 & 000 na
1974 . &02,000 279,000 18,000

1995 . &1&,000 294,000 335,000

1924 L300, &0& 000 300,000 na

1927 . 310,000 114,201

1978 g8 538, 3 il 11,500

1979 72, W7, 304,592 nic B2,000
2000 814,000 717, 330, na no
2001 na . 330,354 na no
2002 724, 330, na na

.-*o.-:|-:||:-1-=-:| from Gui
|r|-:|u;tr}- 1
|:-rn-:|n -=’r -:|| 2004,
cficn Frurn ._1-_-u’r|'| Adrica was for crushed and broken stone.
t na = not available.




Comparison of chemical compaositions of nepheline syenite, %

York River Meunt
|Nep|'1e-|ine Cclpe|c|nd, lvarzira Lach Jalal Jalal
Khibiny, Gneiss), Dbediiwnn, British [Iic'|ire] Baralan Merra Karr, Sawda, Abu Khuruq,
Oxide Russia Cintario Quebec Columbia Finlan Scotland Sweden  Saudi Arabia Egypt

50 54.01 41.73 S4.45 5469 4415 48.1%9 5&.37 50.3 &3.4%
TiCs 1.20 0.29 1.07 0.55 0.38 1.75 0.01 0.07 0.03
Ala0z 21.05 27.418 2091 210 15.7 18.52 2495 258 20.54
Fegilz 2,80 1.84 2.38 2.4 &.59 4.51 031 1.3%9 1.2
Fal 1.80 4.52 3.79 2.4 na” 1.48 0.20 0.44 ric
Mg 077 1.24 1.11 o7 5.52 1.12 0.07 0.18 D18
Cold 1.80 &.78 0.5& 1.4 14.14 10.29 0,25 1.44 .64
KO 5.30 314 721 &1 2.41 8.05 5.20 4.48 599
Magid .50 11.05 &6.25 7.5 7.24 3.44 11.73 2.38 7.48
M 07 trace 0.0& 0.24 0.18 nia 0035 0.08 0.24
P2l 0.09 014 005 0.02 OF7 na 0.01 0.03 0.04
COs no 0.93 0.44 0.2 na na na na na
Lass on igniticn [LO] 1.14 0.52 1.14 0.5 0.93 3.45 o1 593 na

Total 29,43 248 99.82 100.51 100.23 101.00 99.25 9954 29.85

A\:ln:pfed from Shand 193%; Borogar 1953; Ti”er:.r 1953; Le-|'|iin:|r'.ri 1240; Curmrie 1974; Liddiceat, Romsay, and Hadga 1985; Hosterman, Pattersan, and Good 1990;
Landall, Felond, ond Hendersan 1994; tndustrial Minerals 2003,

* ha = not availae.




Table 13. Typical glass-grade compaositions of nepheline syenite, Table 14. Chemical analyses and physical properties of products from
wi % Nephton, Ontario

Chemical Unimin Canada  Unimin Canada MATRIX MATRIX
Composition A Grade B Grade Morth Cape Glassy Phase Glassy Phase

- Promoters Promoters
5i0; e0.2 60.1 53.9 (Fiberglass| (Fiberglass] SPECTRUM
Al 23.5 234 24.2 Properties 131 134 Ceramic Fluzes

Fe203 0.08 033 0.1 50z, wt % 60.00 59.70 60.20

Mg froce froce froce |
Cal) 03 0.3 13 AlaDa, wi % 23.40 23.40 2340

K,0 51 ig o0 Fez203, wt % o1 0.34 0.08
Nas O 10.6 10.5 7.9 Cal, wt % 0.44 0.56 0.35
PzCs 0.1 MgO, wt % 0.02 0.03 0.02
Lo o4 0.3 1.0 NagO, wt % 10.30 10.30 10.50

Sieve 5. .5, T:,r|er
ﬁ.nu|fses, % Sieve Ma. Sieve Mo. Sieve Mo., % KaO, wi % 3.20 3.10 4.80
031 041 0.42

On 25 mesh 0.0 0.0 On28mesh 00  LOL%
30 0.1 0.1 3z 0.1 Freesilica content <0.1% =0, 1% <0.1%

40 14.5 14.0 33 49 pH 10.1 10.1 10.1
50 48.0 45.0 48 00 pelting peint 1 8&8°F/1 020°C 1,868°F/1,020°C 1 8&8°F/1,020°C

100 B6.0 B4.0 45 520
200 8.0 97.9 200 89.0 Bulk density, loese  83-87 [b/H 83-87 b/ 38-55 b/

Pan 50 5 Fan 1.0 Sp=cific gravity 241 gfem? 261 gfem? 241 gfem?

Ad-:lpfe-:l from Minnes, Lefond, and Blair 1983; Guillet 1994, Adup-red frem Unimin Carp.




Table 1. Major worldwide nepheline syenite mines and deposits

Mineg

Company

Mining Msthod

Startup Date Capacity, tpy

Comments

Khikiny, Kela, Russia

Lavozera massif, Kela,
Russio

Kiyo-Shaltyr and
G-:-r}uuchegu:-rsh Siberia

Blue Mountain, Havelock,
Ontario

Blue Mountain, Nephh:nn,
Oinfaria

Marth Cops, Stjernoya,
M orway

Fourche Mountain,
Arkansas, United States

Canaan, Rio de Jonsiro,
Brazil

Sichuan, Shuiys, Anyang,

Henon Pravince, China

Bursa Crhaneli, Turkey

South Africa

Apatit Production
Associofion

-

na
na
Unimin Corparafion

Unimin Corporation

M arth Cops Minerals A5
[owened |:-}r Unimin]

3M Company
Unimin Corparaotion

Fineton Industrial Minerals
Lrd.

Matel Hommaode
San ve Tic AS

1 open pit,

2 undergrc-und
na

nia

Cpen pit

Cpen pit

Und ergrcnund

Cipen pit

Under developmant
Cipen pit

Gluarries

1929 1,500,000

na

700,000

Included

with Havelack

Mine
330,000

134,000

35,000

Apatite with I:l:r-proclucr nephehne syenite
pmducad

Er:p-prnducf of REEs pn:u:lucﬁn:-n fram syenite,
urtite

Aluminum prn:nductin:nn from urtite and iin:||ira
Cru:.h, magnefic separation, sizing, fine
grinding

Crush, magneatic separation, sizing, fine
grim:ling

Nepheling sy=nits

F!cmFing grunu|es, construction aggregates
Litchigldite

100,000 t of ore

40 Mt of nepheline syenits

Crushed stone, nap|'n=_-|ina syenite

Adopted from Wealley 1987; Industriol Minenals 2003,

*na = not availakle.




o
Lovazers

Marth Cape, massif

Stjgrnoya

Ki}"(l'g'll:lh}"l'.. Gnor)«tld'lgprsk
Sichuan, 5|1uiya [ ]
Mnu Cq:el ainiel

Table b ountain

"Wind Mourtain

Canoan,
Rio de Jansiro

South Africa Australia v
2 Prospect i

& Froducer, past producer

Mepheline syenite mines and depaosits worldwide







Silica
Quartz
Citrine—yellow to brown color, similar to topaz
Tridymite
Cristobalite
Coesite
Stishovite
Melanophlogite
Lechatelierite
Agate—banded, multicolored
Flint—qgray to black, opaque

Chalcedony—fine grained chert
— Carnelian—red to reddish brown



Silica—Introduction

SI02

Industrial sand and gravel
silicon

guartz crystals

special silica stone products
tripoli (microcrystalline silica)
— rottenstone

novacullite (whetstones, microcrystalline
silica)

spiculite




Toble 2—Common products containing IL1% or more copstolline silicn

&1 Work

Al Home

Everywhere

{in the proces o lmanufacturing or using the
fid lowin g ilems)

{us o consumer of the Following itons)

{exposure conld beon thejob or o home)

Sl Glleras usually composed of quarts and
slnng marenis.

Hrickstovs a High concenimiion of sind. Conimins
quertz mnd poesibly cnsiobalile.

Concrzte-like wphali iller, coninrs gone
magregate.

Teweler's rovge-coniains oy plocrysiallne silic.

Jewelry and erystls-amethystand quanz e
orysbl line silica.

Banar-contains smil

Mumicipal waler flier hadsare construcied from
haih =and (cnstalling silica) ool disormile
iamaompbous silica).

Masier-ts maidz from gypsom bol sometimes
conlains sihica

Mastic 1 applacescan conbin chiy, tak, qushal
limesiane, and silica s fillers

Rofing granules-are made from sl ool sggregae.

Wallhcarchi= macke foom gypsum.

Art days and gliess contain day, and sometimes
crysalline silica.

Cleansersconiain pumice and Teldspar os abmsives
Cosmeticscontain lak ol chy.

Pet liller-is composed prnn by of cloy.

Talom poesder -coniains iak.

Unwighed rool vegetibles { such m potaioes and
corpois ) are copbed with soil, which has o high
crysalline silica conient

Fharmmoeuticalsconimn clmvs and ialc as iller.
CHien the dosage of nctive ingradiont 0o madication
is 5o i that filler {lisied az o inert ingredion

must he mlided to make the sbsiance rmmgeahle o
bike

Sorwl-is crysialloe silica. Bench sond, play snd ar
similbeoees, anid the sind vesd on goll courses arz no
chifferznt than indusirnl snd used for coretruction,
in sndhbasticg, or on icy pomils. Al are loepely
crystalline silica.

Caulk and putty- conimin cliny, which o b o low
io moderobe ovaialline silica conbent, as o filler.

Dol wheibier houseledi ar incdeeirisl canin
crvstlling silicn.

Fill dirt and iopsail conmin snd  Hecomee he
cryvstlling slicn canient of common soil is @ohigh
agriculiural norers represent the oocuptional
group mos at risk for exposure (o respirthle
crysalline silica.

Foam in formiture and on rug ladongsconiain iale
and sihica

PFaint-conimins cloy, inke, o, ool dintomiie.

PFaper and paper dusl coniain kaclin od chiy,

http://minerals.usgs.gov/minerals/pubs/commaodity/silica/780292.pd

fo ° °




Industrial sand and gravel—introduction

Silica
silica sand
guartz sand

sand and gravel with a high Si0O2
content



Industrial sand and gravel—uses

e glassmaking sand, 38%

« foundry sand, 22% (molds, cores,
castings)

e abrasive sand, 5%
 hydraulic fracturing sand, 5%
e 30% for other uses (flux)

not more than 0.6% iron oxide



TARLE |
SALIENT ULA, SILICA STATISTICS 1Y

1947 [ 1990

Inchustraal sand and gravel: 2
Sold or used:
Said!
{Juantity thousand msetiic tons 26,300 26,400 26,900 26,800 26,900
Wl thousands S483 000 SA91, 000 L310,000 1532000 530 000
Ciravel:
Cuantity thousand metne tons 2170 1,740 [IAEEE 160 10
N alu thousands 826,300 £33 200 28400 124,400 117,600
Total:
{Juantity thousand meetiic tons 28,500 28,200 28 900 28,400 27,900
Walue thousands S5311,000 8313000 F338000 2350000 LATH 000
Exporia:
ity thousand metne tons 4R 2 400 LGT0 160 1. 540
Value thousands S134,000 SL48& 00d 2133000 2179000 163 000
Imiports for consumplion:
[ hiandily thousand meetiic tons 349 4d 211 247 172
Value thousands 81200 £1.750 35,300 11,800 S11,000
Processed iripalic 3/
iy Ieirie lons 81,300 T4 600 #4900 T2.000 Bl 5000
Value thousands 816,400 £16,900 20,200 15,000 ef 815,000
Special silica stone;
Crade production:
[ huianiily el lons 243 (SRR (a7 333 T05
Value thousands 224 184 5183 F138 2234
Sold or used:
{uiandily e lens 445 438 473 il2 393
Walue thousands 81 560 £3.440 3,060 24610 S04
Electromic and optical-grade quarz erystals, production:
buline theassand kilograms 430 -
Cultured do. 355 185
of Eattmated. W Withheld to avoid diselozing compary proprietary data. - Sero.
I/ Diata are rounded to no mode than tree significant digits, may med add 1o totals shown,
2 Excludes Puerio Rico.
A Includes amorplaous silica and Pennsy bvama rottenstone.

USGS Commodity Reports



Industrial sand and gravel—uses
Glassmaking (high specifications, no Fe)

foundry (98% SiO2, low CaO, MgO, grain size and
shape)

abrasive, blasting sand (clean metal, concrete’
angular shape)

hydraulic fracturing (frac) applications (well rounded)
ceramics

chemicals

ground silica (fillers, extenders; bright, reflective)
filtration (pure)

roofing granules

flux

optical fiber



Industrial sand and gravel—regions

TABRLE X
MNDUSTRIAL SAND AND GRAVEL S0LD OR USEDR IN THE UNITED STATES, BY GECOGRAPHIC REGRIMN 1S

2000 2001
Cuantity {uiandity
{thousand Percentage Walue Percentage  (thousand — Percentage Walue Percentage

Greographic region miedric Lons) of todal { thousanmds) al total s ons) of total [ thousamds) of total
Mortheast:

Bew England 1M (25 w 138 W

hliddle Adlantic 2400 2 §51,500 2,160 49600
hlidwest:

FEast north-central [0 100 i3 170, 0 k 0.l ; | 70O

Weest north-cential [ i I8, 700 3 1480 5 31,2000
Soitl

South Adlantic 4270 3 Q2 A00 4,080 3 Hiy, 300

Fast south-central 2,260 43, 100 2240 43,200

Weat south-central 4440 G, 00 4,330 | 18,000
Weat:

hlowntain 1360 3 22 600 ‘ [,X50 3 24, 10

Pacific 2050 51,300 2,140 5d, 600

Tastal 28 400 [ 356,000 10} 27,900 376,000

WOWithheld to avead disclosing compairy proprietary data; incloded saih "hiddle Adlantse
I/ Diatda are rounded to mo more than tree significant digits: may ot add to fotals showi.
Y Lz than 12 it

USGS Commodity Reports



Industrial sand and gravel—regions

FIGLRE 1
PRODUCTION OF INDUSTRIAL SAND AND GRAVEL IN THE UNITED STATES IN 2001, BY GEOGRAPHIC DIVISION

USGS Commodity Reports . . . - o o



TABLE &
IMIXUSTRIAL SARND AND GRAVEL SOLDOR USED BY LS. PRODUCERS Y 2001, BY MAJOR END USE LS

Maortheast hliclwwest Houth
ity Value Walue 3/ ity Valwe Walue 3/ Cluantiy Value Walue 3/
(thousand  (thousand  (dollars per (thousand  (thowsand  (dollags per (housand  (housand  {dollars per
Mlajor use mebric fongl dollars)  mednic ton) meetric wong) dollars) metne ton) metric o) dollars) metric ton)

Samd:

Cilazsmaking:

Condainers y / 1,200 13,800 1147 X5, 1060 1599

Flat (plate and windoma y ! 1,290 14,000 192 28, 100 16.2]

Specialty ) ] W W l&.60 T nm

Fiberglass funground) 397 5,50 15 88 i W 1618

Fiberglass (ground) W W A 35 J W 45,96
Foundi:

Malding and core 9 / 1. 63,900 1358 10 G0 16,935

Blolding and core (grounsd) W HlAh i W ar.7a

Refractory ) ] W 23T ) W .36
hdetallurgical:

Silbeon carbide W 1281 -

Flu for metal sinelting - -- - ) W 538
Abrasives:

Blxsting TRSI 205 & 080 2961 30,3060 IR.20

Spouring cleansers |grovnd) 3 81l W 1 a2 W 116549

Sawing and sanding y / X133 - -- - - -
Chermicals Caround and ungrouand )y J ' 20640 W 1346 8420 R3]
Fillers {ground), mabber, painds, putty, ec. y / 13.43 10,200 G947 i W 10877
Whole grain fillerabuilding prodiscts 6, 710 0249 12,700 2456 211060 [R5
Caramie (ground), pottery, brick, tile, etc. J W bR ] W T405 5680 A
Filtration:

Water (municipal, coundy, local, ete) 1 1430 4177 E 3,180 4371 SA10 2006

Swimiming pool, other : 1,330 4313 W TRAR . 1466
Petroleum mdustry:

Hydraulic Fracturing 33900 3208 y 34.497

Wizl packing and cementing W T3040 J J 6377
Recpeational:

Ciolf course [greens and trags) W / ‘ 3620 14.24 113 10.65

Basehall, volleyhall, play samnd, beachos T2 ] W 398 W W 10.2%
Traction (enging) i3 T4 a4zl 1164 AT GG l4.66
Roofing grainubes and Gllers W f W W 1622 129 2520 1958
Cher (ground silicay W ] 130 1510 5771 412 2710000 6l.13
Cilier (whole grain | ET0 35400 L. 160 11100 (BRI | 8 572060 2015

Total or average 2300 49600 L3000 185000 1760 GAT0 XI5 00 1357

See fooinobes al end of table.

USGS Commodity Reports




Industrial sand and gravel—geology

e Sedimentary, especially where multiple
cycles of erosion and deposition has
upgraded the deposits

— What geologic environments are we
looking at?



Silica sand—qgeology

 White Maddi sand Is
used in foundries,
filters, and glass
products, Gabal El
Kahshab near
Maadi, Cairo




Industrial sand and gravel—substitutions

* For glass, foundry, molding
— Zircon
— olivine
— staurolite
— chromite sands



Silicon




Silicon—introduction

« Silicon metal and alloys
 Ferrosilicon



Silicon—uses

ferrous foundry

steel industries

aluminum and aluminum alloys
chemical industry

semiconductor industry, which
manufactures chips for computers from
high-purity silicon



Silicon—substitutions

e ferrosilicon
— aluminum
— silicon carbide
— silicomanganese

e semiconductors and infrared
— gallium arsenide
— germanium



Salient Statistics—United States:
Production:
Ferrosilicon, all gral:les1
Silicon metal
Total
Imports for consumption:
Ferrosilicon, allgrades
Silicon metal
Exports:
Ferrosilicon, allgrades
Silicon metal
Consumption, apparent:
Ferrosilicon, allgrades
Silicon metal”
Total
Price,’ average, cents per pound Si:
Ferrosilicon, 50% Si
Ferrosilicon, 75% Si
Silicon metal”
Stocks, producer, yearend
Ferrosilicon, allgrades
Silicon metal
Total
Net import reliance’ as a percentage
of apparent cnnsumptmn
Ferrosilicon, allgrades
silicon metal®
Total

Recycling: Insignificant.
USGS Mineral Yearbooks




World Production and Reserves:

United States

Brazil

Canada

China

France

Icelagd

India’

MNorway

Russia

South Africa

Ukraine’ _

Venezuela'

Other countries
World total (rounded)

Production®®

2010
224
4,920
127
74

66
303
643
137
127
50
394
7,290

2011
350
230

E“)

bl

5,400
140

k]

68
320
670
130
100
52
400
8,000

Reserves®

The reserves in most major producing
counfries are ample in relation to
demand. Guantitative estimates are
not available.




Silicon—yproduction

Norway, 27%
South Africa, 15%
Russia, 11%
Canada, 10%

USGS Mineral Yearbooks



Quartz crystal




Quartz crystal—introduction

Hardness 7
any color
common mineral

cultured quartz crystals became
Important in 1971, no natural production



Quartz crystal—properties

Piezoelectric effect

when compressed or bent, it generates
a charge or voltage on its surface

If a voltage Is applied, quartz will bend
or change its shape very slightly

hardness
high electrical resistance
dimensional stabllity



Growing quartz crystal

Process in Germany 50 years ago

grown in pressure vessels containing quartz
dissolved in an aqueous alkaline solution at

temperatures of 375 degrees centigrade and
pressures of 800 to 2000 atmospheres

Seed crystals are placed near the top of the container

nutrient in the form of broken chunks of natural
Brazilian quartz (lascas) as a nutrient are placed on
the bottom

Convection currents move dissolved material from
the bottom of the chamber to the cooler upper section
where it deposits on the seed crystals



http://www.itme.edu.pl/z18/syn...



Figure 3: Cultured Quartz Crystal
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http://www.corningfrequency.com/library/qgcao.htmi




Quartz crystal—uses
single-crystal silica
Electronic applications

optical applications

filters, frequency controls, and timers In
electronic circults

carvings
gem stone




Quartz crystal—geology

 Pegmatites

* in Arkansas veins filled cavities or
fractures in the Crystal Mountain and

Blakely Sandstones

— 5 feet long and weighing over 500 pounds
and clusters up to 15 feet long by 10 feet
wide, weighing over 10 tons

— end of the Ouachita Mountain orogenic
cycle in Late Pennsylvanian to Early
Permian (Ar/Ar)



TARLE 11
SALIENT LS ELECTRONC- AND OFTICAL-GRADE QUARTS CRYSTAL STATISTICS 17

i Thousand kilegrams and thousand dollars)

| 7 | i ALY

Prodiuction:
M : - -- --
Culivred ef i35 | #5 192 180
Exports (culiured): 2/
{ruamlity . i3 gl 74
Walue il, 24,300 25 400 22 8’00
lmpoits (culiured): 2/
Crsamntity 3 47 6 11
Walue 11,7000 12,200 L 1,000 L4, 300
Consumplion, apparcilt & 343 | 118 146
o Eatimated, W Withleld to avosd disclosing company proprsetary data. -- Fero,
L/ Data are rounded to no more than theee sigmbicant digits.
27 Exchudes mounted preroclactne crvatals

USGS Commodity Reports



Special silica stone products




Special silica stone
products—introduction

« abrasive tools o Fillers
— deburring media ¢ extenders
— grinding pebbles ¢ flux

— grindstones,
hones,

— ollstones

— stone files

— tube-mill liners
— whetstones



Special silica stone
products—introduction

Sandstone
guartzite
vein quartz
silica pebble

novaculite

microcrystalline
quartz

speculite
tripoli

tripolite or
diatomaceous earth

amorphous silica



Novaculite

Sedimentary microcrystaline quartz
homogeneous

more compact than porous tripoli
whetstones

dense, hard, white to grayish-black in color,
translucent on thin edges, and has a dull to
waxy luster

resistant to erosion, it forms prominent ridges

Dev to Miss Novaculite Formation in Ark
— 250-900 ft thick



Rottenstone

« Common variety of tripoli
* Penn--weathering of siliceous shale



Spiculite

« Siliceous sponge spicules
* replacement of spicule-bearing limestone
e Texas



Tripoll
1 to 10 micrometers
98% to 99% silica, minor Al and Fe
white to cream
brown
red
yellow
abrasive
diatomaceous earth (different origin)



Tripoli—geology
« alteration of chert, chalcedony, or
novaculite, or leaching of highly
siliceous limestones

e Paleozoic chert bearing limestones In
Arkansas and Oklahoma, lllinois

— NE Ar cherty limestones of the Boone
Formation (Mississippian)

— Quachita Mountains leaching of a limy
phase within the Upper Division of the
Arkansas Novaculite

e Arkansas tripoli I1s 299% Si102






Special silica stone
products—uses

Craft
household
Industrial
leisure uses



Special silica stone products

TABLE 10

LIS, PRODUCERS OF SPECIAL SILICA STONE PRODUCTS TN 2001

Cormpairy and kocation

Type of operation

Product

Bl Abrazives, Inc., Hot Springs, AR

Sone cuthing and finizhing

Whetstiones and ailziones

Blue Mountain Whetsione Co ., Hot Springs, AR

do.

i,

Buffale Bone Corp., Hot Springs, Al

Tumbling and zizing novaculite

hetal fimishing media debarring media,

Pian's Whetstone Co., e, Hod Speings, AR

Sone cuthing and hinizhing

Wihetstones and ailstones.

o

{uarry

Crude novaculine.

Hall's Arkanzas Onlstones, Ine., Pearcy, AR

Sone cuthing and finishing

Wiszistones and cilstones.

The Kraemer Co., Barabon, Wl

Crushing and sizing

Debuiring media.

e

{uarry

Crude silica stome.

Morton Company Onilstones:

Haot Sprieas, AR

do.

o,

Litiledon, MH

Sone cuthing and finishing

Whetstones and ailstones.

Smith Abrasives, Inc , Hot Springs, Al

do.

ks,

e

[ uarry

Crode novaculite.

Tavlor kade Crafis Inc.:

Hot Springs, AR

Sone cuthing and finishing

Wihetstones and aalstones.

Pearcy, AR

[ iy

Crade novaculite.

USGS Commodity Reports




- Environmental regulations of
quartz

 regulation of crystalline silica
— hours workers exposure
— water well monitoring
— noise and dust control
— water discharge
— archaeological surveys
— carcinogen



Salient Statistics—United States: 2007
Production:
Mine —
Secondary MA,
Impnrts mr cnnsumptlﬂn 10,120
Exports™ 1,100
Government stnchplle releases™ —
Consumption:®
Apparent 5,020
Ftepc:rted 6,510
LInit value, fermnmhlum dollars per metric ton® 21,918
MNet import reliance” as a percentage of
apparent consumption 100

World Mine Production and Reserves: Canada’s reserves were changed to proven plus probable reserves from
proven reserves; data were updated (for the Niobec Mine) and another property added (Thor Lake), based on
company reports.

Mine production Reserves®
2010 2011°

United States — — —
Brazil 58,000 28,000 2,900,000
Canada 4,420 4,400 200,000
Other countries 2920 600 MNA

World total (rounded) 62,900 63,000 3,000,000




Production—tantalum

Salient Statistics—United States: 2007
Production:
Mine —
Secondary MNA
Impurts mr cnnsumptlﬂn 1,160
Exports™ 511
Government stockpile releases® —
Consumption, apparent 644
Frice, tantalite, dc:llars per pound of Ta-0s content’ a7
MNet |m|:rr:-rt reliance® as a percentage
of apparent consumption 100

2008

MA

1,290

662
629
44

100

2008

MNA
798
326
473

40

100

100

2011°

NA
1,700
540

1,200
130

100

World Mine Production and Reserves: Reserves for Australia were raised to agree with the Government of

Australia’s “Accessible Economic Demonsirated Resources.”

Mine production®

2010

United States —
Australia —
Brazil 180
Canada —
Mozambique 120
Rwanda 110
Other countries ' 271
World total {rounded) 681

USGS Mineral Yearbooks

2011°

80
180

25
120
110
270
790

Reserves’

51,000
65,000
MA
3,200
MA

MNA
120,000




Tantalum Price vs. Time

1955 1965 1975 1985 1995 2001

Year




Niobium—geology

http://www.tanb.org/niobium1.html
pyrochlore [(Ca,Na)2 Nb2(O,0H,F)’ ] in
carbonatite and alkaline igneous deposits
pegmatites (Columbite and tantalite)
alluvial deposits

largest deposit in Araxa, Brazil, owned by
Companhia Brasileira de Metalurgia e
Mineracao (CBMM) (460 million tons of 3.0%
Nb205, or 500 yrs reserves)

Niobec mine in Quebec

tin slags produced from the smelting of
cassiterite ores



Lauzon
Farm, Oka,
Quebec,
Canada. 3.9
X 2.9 cm
http:/[www webmi
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Companh|a Brasnelra de Metalurgla e
Mineracao (CBMM), open pit mine for Nb,
Minas Gerais, Brazll

http://www.us.cbomm.com.br/english/sources/mine/operat/f_operat.htm



Zircon




Zircon—introduction

ZrSi104

naddeleyte ZrO2

nighly resistant to weathering
nigh specific gravity 4.6-4.7
other potential minerals

— Eudialyte
— gittinsite




Zircon—introduction

e /r resistant to corrosion by acids and
other chemicals

 alloyed with Nb it becomes
superconductive (conduct electricity
with very little loss of energy to electric
resistance)

e does not absorb neutrons



Hafnium—Iintroduction

o Hf
 In zircon and baddeleyte



ZIrcon—uses

Zircon ceramics
opacifiers
refractories

foundry applications

abrasives
chemicals
metal alloys
welding rod
coatings
sandblasting



Hafnium—uses

e addition in superalloys



Salient Statistics—United States:
Production, zircon (ZrQ- content)
Imports:
Zirconium, ores and concentrates (Zr0; content)
Zirconium, unwrought, powder, and waste and scrap
Zirconium, wrought
Zirconium oxide
Hafnium, unwrought, powder, and waste and scrap
Exports:
Zirconium ores and concentrates (ZrO, content)
Zirconium, unwrought, powder, and waste and scrap
Zirconium, wrought
Zirconium oxide
Consumption, zirconium ores and concentrates,
apparent (Zr0, content)
Prices:
Zircon, dc-lla[s per metric ton (gross weight):
Domestic”
Imported, f.0. b ?
Zirconium, unwrought, import, France, dollars per Hllr:-gram
Hafnium, unwrnught import, France, dollars per Hllﬂgram
MNet import reliance” as a percentage of
apparent consumption:
Zirconium
Hafnium

USGS Mineral Yearbooks

W

B3
872

29
246




Zirconium mine production Zirconium reserves®
(thousand metric tons) (thousand metric tons, ZrO;)
2010 2011°
United States W W 200
Australia 518 720 21,000
Brazil 18 18 2,200
China 140 100 500

India 38 38 3,400
Indonesia a0 al MNA

Mozambique 37 40 1,200
South Africa 400 380 14,000
LKraine 30 39 4,000
Other countries 14 32 5,000

World total (rounded) 1,250 1,410 52,000




Zircon—geology

 Beach sands in Florida, Virginia and
South Carolina (with Ti)
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