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TITANIUM TAiTtL AS THI BASIS OF A POThNTIAL INDUSTRY 
IN TRE PACIFIC NORTHWEST 

CHAPTER I 

INTRODIJC TION 

The phenomenal growth of the titaniuni nietal 1ndutry 

is attributed to the metal's unusual properties of light- 
floss, strength, and resistance to corrosion. Because or 

these properties, the government bas provided financïa]. aid 

In the development or the titanium metal industry for de- 

Lense applications. Mr. N. E. i-roinisel, speaking from his 

experience with the Navy Lepartnent Bureau ot ieronautics, 
said, "Althoub interest in titanium was, in part, generat- 

od by (its) corrosion resistance, lack or magnetic 

properties, high electrical resistivity, low thermal expan- 

sion and so on, the major excitement and enthusiastic 

anticipation mr the use o' titanium has resulted from its 

high physical properties, or better stated, strength-weight 

ratios' (55, p.242). 

In view of this rapid growth and industrial interest 
in titanium metal, this study is undertaken to survey the 

possibilities of the Pacific Northwest as a basis for a 

potential titanium industry. 

The method of approach to this study is directed 

at the historical technological background, its method of 



2 

production, and the geography or the present industry, in 

order to determine the present titanium metal plant loca- 

tion factors. Those location factors were then used to 

determine the possibilities or the kacific Northwest for a 

titanium metal industry. 

I actual information was obtained from the following 

sources: uestionnaires sent to firms now engaged in 

titaniwu motel production (see Appendix No. 1); published 

reports and articles; personal interviews with staff 

members of the Bureau of Mines regional office at Albany, 

Oregon; and Mr. Stephen Shelton, former regional director 

of the Bureau of Mines at Albany, Oregon, who is now head 

of the Oregon Metallurgical Corporation at Albany, Oregon. 
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CHAPTER II 

O1TFRVIEW OP TITANIUM MFTAL 

History or Titaniuzi 

The history or titaniwu dates back to 1789 when the 

ïeverend ' llhiwn cGregor, an amateur mineralogist, was en- 

gaged in an investigation of a peculiar mineral found in 

the black sand of enachan in Cornwall, :njand (33, p.13). 
McGregor called the black sand "menaehanite' after the 

locality in which he found it. Durin his analysis ot 

iaenachanite, he discovered a new element which he called 

'nenachite. pproximate1y five years later, in 1794, an 

Austrian chemist by the name oi i. H. Kiaproth was 

investigating the composition o1 the inmoral "rutïl&' from 

which he discovered a new e1emnt (1, p.3). lie gave it 

the nanie tttitaniwìf after the Titans of Ancient Greek 

mythology, because ol the strength or the chemical combina- 

tion in which it was held. It was not until 1797 that 

flaproth discovered, while in a subsequent investigation 

of the minerai "ilmenite", that nienachite, as reported by 

McGregor, was identical to titanium (33, p.13). It was the 

name titanium that wa adopted universally; due, perhaps, 

to the trend of scientists to naxie new discoveries after 
characters of ancient mythology. 
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Early attenpts by chemists and metallurgists to 
isolate the new element were made by a number of investi- 
gators. Due to its high fusion point nd strong affinities 
for oxygen, nitrogen, and carbon, these earlier attempts 
resulted in the production of nitrides or carbides; which, 

because of their metallic lustre, were mistaken for the 

metal itself. 
The first titanium mete]. was produce5 in lE7 by a 

young Swedish chemist Zxel Hanìberg (1, p.3), but it was 

badly contaminated. His lxivestieations were reported by 

L. F. Nilsen and O. etterson, who werc also working with 

Hainberg. They conducted a chemical deterination of the 

oxygen content of Ilemberg's product and founì the results 
were 95 2er cent titanium, 5 er cent oxygen, nearly free 
or iron, and only small traces of nitrogen. The method 

used by Hamberg wa the reduction of titanium tetrach- 
bride by using metallic sodium inside a small autoclave 

of wrought steel. 
In 1b95 a Frenchivaa, H. Moissan (1, p.3), fused 

titanium dioxide with carbon at extreiely high tesnper&tures 

in an electric furnace and reported to have obtained a 

final product free from nitrogen and silicon. The product, 

however, contained 2 per cent carbon and some oxygen. It 
was, therefore, far from bein pure titanium. 

In 1910 t. Hunter (58, p.4), working first in 
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the General Electric Laboratory and later In Rensselaer 

.Polytechnic InstItute at Troy, New York, repeated iriany of 

the reported experliiients o1 Hwiberg and oissan. He found 

1-iamberg's experiiiient to he best suited for the production 

of Metallic titanium. Hunter used a lerger steel bomb, 

capable of' withstanding high pressures, and obtained up to 

120 grams of titanium in a single reaction. The metal was 

readily forgeable but reiaained brittle at room teirtoeraturos. 

The oxygen content of Hunter's product was 1.5 per cent. 

It was not until 1925 that the first hih purity 

titanium metal was produced by . E. Van Arkel end J. H. 

De Boer in indhoven, Netherlands, using their now famous 

iodide process (64, p.60). In this process crude titanium 

is placed between a perforated molybdenum retainer end a 

glass bilb. The bulb is evacuQted, outgasseä, and Iodine 

added Into the bulb. The bulb is sealed f ro the pump 

anci then heated to 35Q7 wbioh results in the formatior 

of titanium tetraiodidc in the bulb. 1fter approximately 

ten hours, th. tun,sten filament, which was sealed into 

the bulb, is heated to approimate1y 2400°i? and held at 

this temperature by current control. The titanium tetra 
iodide is then decomposed to titanium, which builds up on 

the filament and to free Iodine vapor that reacts with 

more crude titanium. This proceis continues until the 

filament becomes to j inch in diameter or until the 



increasing current required to maintain the temperature be- 

comes economically Impractical (1, pp.7-8). The output of 

high quality titanium metal by the iodide process is used 

mainly for research where high purity titanium metal is re- 

quired. Because of the high cost of production, the 

ttiodide process" has not been developed for coiniercia1 

titanium production. 

In 1937 Dr. 1ilhelm J. Kroll, working in his private 

research laboratory in Luxembourg, developed what Is now 

called the "Kroll Process." Dr. Kroll came to the Tited 
States in 1939 to escape working for the Nazi Government. 

He was later employed as a consulting, metallurgist by the 

U. S. Bureau of inos in 1944 (6, p.5). He rej.orted his 

ithod of making ductile titanium in 1940 (U.S. ratent No. 

2,205,854). His method involved the reduction of titanium 

tetrachoride with pure magnesium in a molybdenum-lined 

electrically heated crucible under argon gas at normal 

pressure at a temperature of about l,0000C. Fo1lowin; this 

was the separation of the metal from magnesium salts by 

leaching and acid treatment (59, p.4). This produces a 

spongy titanium metal that must be compressed into bars, 

melted in an induction or an electric-arc furnace, where 

it is again under a protective blanket of inert gas. The 

resulting ingots can then be rolled into sheets or other 

forms for commercial use. 
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The U. S. Bureau or Mines pioneered in development 

of the Kroll process that is now used in producing ductile 
titaniwu metal on a commercial scale. There are other 

processes under development that are based on the elect- 

rolysis of a fused electrolyte and oÍ'fer the advantages 

for a continuous process. Extensive investigations are 

presently being conducted on this new process; but, in any 

event, the i-najor proportion of the world's commercial 

titanium metal produced today and in the near future, at 

least, will be obtained by modifications of the Kroll- 

Bureau of Mines process (il, p.6). 

Technology of Titanium Metal 

Titanium is very difficult to reduce to a pure form 

from its basic compounds, because it is ari extremely re- 
active metal at high temperatures. The most harmful 

impurities In titanium metal are oxygen and nitrogen. The 

proiuct1on steps involved are essentially chemical ones, 

and the production on a comnercial scale has depended 

largely on the application of chemical engineering 

techniques and principles. 

recent report by trie i3ureau of Mines during the 

operation of Its Boulder City, Nevada plant indicates the 

difficulties involved in titanium sponge production 

(60, p.1). 
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"A few hundredths per cent of nitrogen and less 
than two-tenths per cent of oxygen will make 
titanium, too hard for many purposes where maximum 
uotility is essential. A microscopic crack or 

pinhole, a poor valve packing or the slightest 
Inattention of an operator can allow enough air 
to diffuse into a batch to ruin it." 
Coiumnicroial plant operations, using the Kroll-Bursau 

of Mines method, are divided into three independent process- 

es: (1) the production of crude titanium tetrachioride 

from the basic ore; (2) the production of tltaniu,ra sponge 

from titanium tetrttchloride; (3) the production of titanium 

ingots from the titanium sponge. Sea Figure 1. The 

following summarizes each of the three steps: 

The Production of Titanium Tetrachioride 

Titanium tetrachioricie Is produced by chlorinating 

titanium ores, rutile ana ilxaenite. IlnanIte Is the most 

plentiful and is wideiy usad in the titanium dioxide pig- 

mont industry. Rutile is less plentiful but has a much 

higher titanium dioxide content. 

Table 3. gives the chemical campositions of rutile 
£roiu Australia, Ilmenite from India, iliaenite from the 

McIntyre Mines at Tahawus, New York, and titanium slag 

made fron Canadien iliuenite. 

The use of ilmenite involves dlffioult economic and 

engineering probleme in separating iron chlorides produced - 

In the production of titanium tetrachioride. t the present 
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time most or the major producing firms are using rutile be- 

cause of its higher Ti02 content. It is generally believed, 

however, that in time the greatest tonnage of titanium 

metal will be processed. from ilmenite ore (49, j.8). 

TABLE i 
Ore Analysis 

7IT7 
RUTILE INDI!4N McITYE 3LAq 

Ti02 96.2 59.1 44.9 77.2 

Total Fe 0.8 26.4 33.9 9,6 
5i02 0.6 0.7 3.8 5.5 

A1203 0.9 1.3 2.1 8.7 
Ca00 1.4 1.0 4.0 5.4 

Source: (30, p.578) 

Chlorination of Titanium Ore 

Measured amounts o1 ore, ground coke, and cor1 tar 

are fed irt.o a steam-heated pug miii and then dumped into 

the moving table of a circular kiln, See Figure 2. The 

table carries the mix into the heated zones of the kiln, 
where controlled heat î supplied by burnors both above 

and below the toble. The last section of the kiln is 

unheated and serve3 as a coolin, zone. The finished 

sinter is plowed off the table, broken into fragments to 

form briquettes (30, p.5'78). 
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Figure 2 
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The type or equipment used for chlorination of the 

sintered material is illustrated in Jigu.re 3. The furnace 

is maintained at a temperature or 80000 or higher, partial- 

ly by means or power supplied through carbon re3ister 

blocks in the bottom and partially by the heat of reaction 

generated during th chlorination. 

The product gasses from the chlorinator pass through 

dust collectors to remove suspended solids and then into 

the vertical condenser towers in which liquid titanium 

tetrachicride is sprayed in order to condense these gases. 

The condensed titanium tetrachloride is puiuped to settling 

tanks for the removal or insoluble matter and sludge. It 

is then ready for purification (26, p.735). 

The Production of Titanium ponje 

The operation hegi.ns with crude titanium tetra- 

chloride and coxamercial pig magfleiUuI and ihL111eS with 

titanium sponge metal. See Figure 4.. Titanium tetra- 

ohloriae is used, because it is one of the easiest and 

cheapest of ail titaniwn conpoun.ds to pur1fr anci reduce 

(60, p.5). 

Crude titanium contains many impurities which are 

removed by chemical treatment and tractional distillation. 

The rnagnesium ingots used must be free of any oxide, 

therefore, tney are pickled in a muriatie acid solution 
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tollowed by a thorowi wash1n and dry1n. 

The reactor j a steel pot with a flanged cover. The 

arxesiuii ingots are 1odo into tne reactor pot, ani the 

lid is tightly weldea on. Phis operation is carried out in 

Et C1T room to prevent any iekup of xrioisture. 'I1iie tdry 

rooin' is a room maintained at a huthdiy equivalent to a 

dew point or -15° to 45°f 

After the pot tias been eneeked for .Ldaks, it i 

evacuated and pressìwi.ed itii heliui or argon an1 then 

lowered into a gas fired reduction f urnaoe. Thcs f umace 

burners arc t±ìen started, nd ttie teaiperature set ìt 

7500Ç. Then, the titaniui tetrachioride feud is started. 

During the reaction, ienesiurn chloride is periodically 
tapped from the pot. J finc.1 tap is nade after tte coni- 

pletion of the reaction and one ì&our eooiig perioci. The 

pot i then removed from the furnace and allowed to cool 

until it Is at roomn tenperature. It is transferred to the 

dry roou, where the lid Is rmnioved and the contents are 

bored out. The resultant chips, which stili contaIn a 

sr'311 urntity of ragnesiwn and inanesiwn ch1oride, ar 

pirified by heating in a mcuuin furnace; thereby 

distilling the residual iipuritiss away from the songe 

titanium. After cooling, the sponge is c;rus.bed and trans- 

ferred to shippin drwrLs equipped with ulr tiht lids 
(60, .63). 
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The £roduction of Titanium Ingots 

The consolidation of titanium sponge chij s is ac- 

ooxnplished in double-melting vacuum arc furnaces with the 

resultant ingots weighing. from one to two tons each 

(26, p.736). 

The first step in converting, titanium sponge into 

ingots is the compression of the sponge into long elec- 
trodes. Each electrode, 1f required, contaIns alloying 

elements. The melting furnaces are of special design and 

contain a water cooled copper crucible into which the 

electrodes are arc melted, forming a solid ingot. 

The first stage ingot is then used as an electrode 

in a second melting operation, yielding a final homo- 

genious ingot. 

The ingots are turned on a lathe to remove surface 

imperfections and shipped to fabrication mills for conver- 

sion to bar, open die forgings, wire and flat rolled 

products (47, p.102). 

Properties of Titanium Metal 

Titanium metal has many attractive physical and 

mechanical properties that have enhanced the wide- 

spread interest of industry. This interest Is based upon 

three outstanding characteristics: strength, weight, and 



17 

corrosion resistance (56, p.12). hen minimum weight and 

service in the temperature range of 300 to 800 degrees F is 

required, titaniu.m does not have a close competitor. 

Titanium weighs .16 pounds per cubic Inch as compared 

to stainless steel which is .28 pounds and .10 pounds for 

aluminum. On a percentage basis titanium weighs forty per 

cent less than stainless steel and sixty per cent more than 

aluminum (18, p.30). 

Physical Properties 

The physical properties of' titanium are, in most 

eases, Intermediate between stainless steel and aluminum. 

In Table 2, for the purpose of comparison, the physical 

properties of commercial pure titanium are listed along 

with three other structural metals which compete with 

titanium in many applications. 

The high melting point of titanium metal has caused 

much speculation that the metal could be used at high 

temperatures; but, due to the change in crystal structure 

that takes place at approximately 885°C (1615°), this 
could not be substantiated. The high temperature 

properties aro intermediate between those of aluminum and 

steel. The upper temperature of titanium is limited to 

800°F where useful engineering properties still exist. The 

limiting features of temperature are its poor oxidation 



Table 2. Comparison of ihysica1 Properties of Titanium and Other Structural 
Materials 

--------- 
Pr2pory iijìi 7-T6_ ASI 102 

Melting Range 
oc 1670 476-638 565-63 2 1425-1470 

3040 890-1180 1050-1170 2600-2680 

Density 
gcin /4.5 2.80 1.78 7.93 
lbs./1n.- 0.163 0.101 0.064 0.286 
Atomic Number 22 l3(Al) 12(Mg) 26(Fe) 
Atonç:eiht 47.9O 26.97jU) 24.32(g) 55.84(Fe 

Thernial Conductivity 
Gal/cm2/sec/C/cm 0.0425 0.29 0.23 0.039 

BTU/ft2/hr/°F/f t 10.3 845 672 9,4 

Thermal Eansiorx 
Cxn/cm/°O (20/IOOC) 9.0x106 

/in./°F (32/2121) .o.io6 
23,6x106 26.01106 17.3x106 

14,5x106 9.6x106 

Electri8ul Resistivity 
(20 0) 

icro ohm cm 55 5.75 9.3 72 

Tensile Modulus of 
Elasticity (x106 pj) 15.5 10.4 6.5 28 

Source: (1S,p.III-1-2) 
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resistance and embritt1in effects of oxygen and nitrogen 

above 800°F (15, p.143). 

Titanium has a very low electrical and theria1 con- 

ductivity. It is only 3.1 per cent as erricient as copper 

in resistance and similar to stainless steel in theririal 

conductivity. Its low coefficient of therxrial expansion 

reduces thermal stresses, when close tolerances are requir- 

ed over a considerable temperature range. This is lower 

than stainless steel. 

Tensile modulus for titanium is intermediate between 

aluminum alloys and that of stainless steel; hence, titan- 

iuni is a good structural material. 

Mechanical roperties 

The mechanical properties of high purity iodide 

titanium puts it into the saine strength and ductility 

range as some of the annealed coper alloys, although 

titanium is harder. The effects of small additions of 

carbon, nitrogen, and iron in coirnnercially pure titanium 

doubles the strength but reduces the ductility by approxi- 

mately one-half (11, p.22). 

Commercial titanium, as produced today, varies con- 

siderably in composition and properties. Producers have 

developed specifications for their own products, but 

standardization among industry is not universally 



employed (II, p.35). Table 3 lists sorne of the neohanical 
properties 01 alloyed grades that are produced today. Ten- 

sile strength is the arnount of load that can be applied 

before the notai breaks or ruptures, and yield strength is 
the mi.nirnurn load that will produce a permanent stretch or 

deformation when the load is rernoved. 

Table 3 

Mechanical properties of Coimnerciai 
Titanium Uoy Grades 

Grade Min. Yield Strength Min. Tensile Elongation 
- kI.O.2 rst_ _Sr!nt I In2", 

RU-55 55,000 65,000 20 
1W-70 70,000 80,000 15 
Ti-75A 70,000 0,00O 20 
Ti-100Â 90,000 100,000 15 
0-110M 110,000 120,000 10 
C-12OAM 120,000 130,000 10 
C-Ì2OAV 120,000 130,000 10 
C-13OA 130,000 14-0,000 10 
A-l10aT 110,000 115,000 lO 
RS-55 55,000 60,000 20 
RS-70 70,000 80,000 18 
RS-1ÌOA 110,000 120,000 10 
RS-11OBX 110,000 120,000 12 
RS-130 130,000 140,000 10 
RS-140 ' 140,000 150,000 10 
MST III 72,000 80,000 25 
MST IV 85,000 100,000 18 
1ST-3AL-5Cr 145,0001 155,0001 13.51 

MST-ÓAL-4V 120,000 130,000 10 
MST-4AL-4Mn 130,000 140,000 10 

1i.verage i'roperties 

Source: (43, p.4)(11, p.39) 



The comparison of the two competitive metals, 

aluminum and stainless steel, is shown In Table 4, using 

Republic teel's Iì-11QA titania. 

Table 4 

Comparison of Strength and Ductility 

Min. Tensile Strength 
(Psi) 0.2% offset 

Min. Yield Strength 
(Psi) 0.2% offset 

Per cent Elongation 
(2" Gauge) 

Source: (6, r.12) 
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Titanium 1uminum Stainless Steel 
RS-1ÌOA 75S-T6 T302 

120,000 75,000 O,O0O 

110,000 65,000 30,000 

10 10 50 

Titanium dloy research is underway for a grade 

that will have tensile strengths in excess of 200,000 PsI 

that will rej lace umny of ti-ic high strength alloys of 

stainless steel on a strength/weight basis (15). The high 

strength of titanium alloys and moderate weight results 

In a high strength-to-wei;ht-ratIo (SVR). Aluminum is 
1ighte but lower In strength, therefore lt has only a 

moderate SR. Steels are heavier though stronger, hence 

have only a zaoderat SWR. Titanium is superior In SVR to 

both, with the exception of a few super strength 

steels (21, p.83). 
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Corrosion .kropertios 

J.. B. Sutton ot J!. I. du Pont de Neiaours and Company 

rports, "In a peacetime economy, perhaps the largest 

market tor titaniu.i will be found in the field of cor- 

roslon resistance. It is completely inert to all types 

or marine environments including sea water, brakish river 

water, anci marine atmosphere. Excellent resistance Is 
shown toward inorganic chlorides, chlorinated hydro- 

carbons, moist chlorine gas, nitric acid, and many orpanic 

acids." 

The most outstanding characteristic of titanium's 

corrosion behavior is its resistance to attack by hot 

chloride environments which severely affects other struo- 

turai metal (51, p.17). Corrosion resistance data of 

comruercially pure titarLlu.m Is published by E. I. du Pont 

de Neniours and Company, Technical Information Bulletin l 
on titanium (45). 

'l'ha basis for titanium's corrosion resistance is 

considered to be the formation of a protective surface 

film, promoted by the presence of oxygen or oxidizing 

agents (11, p.50). 

Machinability of the Metal 

Machinability of titanium metal closely resembles 
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that ot stainless steel but allin and seizing have been 

major probici. The developn.ent ol' lubricants and surface 

treatment techniue will eliminate these problems. 

Welding Characteristics 

Care must be exercised to prevent hydrogen, oxygen, 

and nitrogen from eoning in contact vith hot titaniwrì 

while it is being esam-welded, or a brittle weld will re- 

suit. Thus, lt is necessary to use special welding 

apparetus so tnat the weld can be aede under an inert as- 

shield. 

'lash and spot waLling ol corniercially pire titan- 

iuixt is accolished using conventional equipment. 

The welding of titanium to other materials le riot 

possible, but extensive research is being conducted to 

overeoms txìis difficulty (43, pp.6-7). 

Casting ±-ossibilities 

The eastin. of tltnium metal by the skull ieltlng 

technique has been developed with some success. The 

probleia of casting is difficult, becauae the mete], is 

extremely reactive in the molten condition (11, p.111) 

(6, p.32). 
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Grindinß of the Metal 

The zxetal tends to smear end load the abrasive 

grains of the ßrindin wheel. The use of' wheeL3 such aS 

alwiinwa oxide and silicon carbide, that have a soft bond, 

bas been successful. pecial precautions must be taken 

while grinding beoause the dust is inflammable. 

Titaniuxri can be I'ord at teiaeratures between 

l45Oi and 1800°F without excessive contamination ii:ith 

conventional forging equipment. 

R011flß pf iiiti 

' Hot rolling can be done at 1353°-15000F, provided 

the tenperature is not allowed to fall below 9000F during 

the operation. The not Il1 scale on the titeniuî can be 

reioved b a sodiuni hydride bath or Virgo s1t bath. 

Shot and sand blast could also be used ut results i.n a 

rougher finish (4.3, p.-6). 
Cold rolling can be accomplished by conventional 

equipient and mebods but becomes more difficult as alloy- 

ing elements ax'e increased. 

PresentGost of Titanium and Titanium 1ioys 

The price of' titanium sponge has b3en r3duced frori 
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a high of 5.00 a pound in 1953 to .3.45 per pound in 1956. 

This downward trend is expected to continue in the future 
due to improvements in manufacturing, processes and broad- 
ening of commercial markets. Current titanium prices are 
listed In Table 5. 

Table 5 

Titanium Metal i-rices - anuary 1956 

Forni Commercially Pure Alloyed ±rice 
Price per pound per pound 

Sheet pl3.lO-;l3.6O 15.25l5.75 Plate 10.50- 11.00 11.50- 12.00 
Wire 9.50- 11.50 11.50 
Bar 7.90- 8.15 7.90- 8.10 

(10,000 pounds base FOB mill) 
Sponge A-1 Grade 125 BB1 3.45 per pound 
Sponge À-2 Grade 170 BHN 3.15 per pound 

(min. 100 pounds FOB) 

BH (Brinell Hardness Nwrber) i8 used by metallurgical 
industry to measure ductility and purity of a metal. 
Source: (53, p.120) 

Uses of Titanium and Titanium Alloys 

The present uses of titanium metal and titanium 

alloys are related very closely to the cost factor and 

availability. 



At the present time ninety per cent of the titanium 
mill products are being utilized by the Government for 

defense production items, while the remaining ten per cent 

has been released for civilian and industrial users 

(29, p.53) (9, p.21). 
The greatest advantages in the use of titanium are 

gained when it is used in structures requiring minimum 

weight, corrosion resistance, and/or used at elevated 

temperatures (21, p.83). 

The air craft industry is the largest user of 

titanium today; and, it is predicted, that it will be the 

primary large scale user in the future. The Air Force has 

pointed out that a one pound weight reductIon in a jet 

engine would result in eight to ten pound reduction in the 

over-all weiht of an air fame. In a large heavy boïber, 

by using titaniu.ni in eight of its jet engines, a weight 

savings of 500 pounds each would reduce the over-all 

weight by 40,000 pOunds (52, p.69). The aircraft indus- 

tries "two rules of thumb" are: (1) for every one pound 

cut from the weiht of an aircraft part, ten pounds can 

be out from the over-all weight, (2) for every one pound 

cut from the over-all weight, 4O can be saved in build- 

Ing and operating cost (38, ».186). Thus, Lue commercial 

aircraft coan1es are willing to pay t2O to 4O a pound 

for reduced weïght and increased payload (2, p.7). 
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Applications of titanium alloy items used in air- 

craft are: engine Lire walls, fuselage skins, barries, 

ductwork, brackets, rittins adjacent to the engine and 

exhaust y3taíiI, 1eadin edres of wings and fins in super- 

sonl3 aircruft and missiles, propeller blades, londins 

gear, bolts, nd many other itexus where high strength-to- 

weight; ratios are basic in design. 

High corrosion resistance, prolonged useful life, 

lightness and strength are of primary ixaportance to the 

manufacturers of marine products. Applicatons are: 

seats and disk trL,is in salt water valves, tubin: for 

condenser systeis, heat exchangers, wet exhaust murfLers 

for submarine diesel 3niaes, turbine blades for low 

te2poratue stea turbies, sait water pump shafts, 

snorkel tibes, hulJ. Laaterial for sìall craft such as PT 

boats, water lubricated bearings, entonna wires, and out- 

board shafting. 

The U. S. Array considers that titanium has exten- 

sive possibilities. The Ordnance Corps, Research and 

Development Division, bas been working on military appli- 

cations since 1947. Suggested applications are: the l 

milizieter niortor base plates (now under production, and 

reduces weight from 47 pounds to 24. pounds) gun carriages, 

structural coniponents of vehicles, portable military 

bridges, amor plato for tanks and trucks, guided 



missiles, rockets, large-caliber weapon firing tubes, 

sheels, strong light-weight airborne equipnient and perhaps 

many others. 

The use of titanium alloys for armor plate is still 

in experimental stage, hut sufficient progress hs been 

made to suggest its use in lieu of steel on an equal thick- 

ness basis with a weight saving up to forty per cent (29). 

Perhaps the largest tonnage of titanium metal used 

in non-defense applications will be where corrosion is of 

uppermost importance (43, p.8). The Chemical and krocess 

Industries are very interested in titanium with one 

company constructing such a: 

systernß, containers for strong oxidizing solutions, steam 

jet diffusers, and jet aftercondensers. Some of the 

potential civilian uses are: surgical instruments, 

textile spinles, portable xaachine tools, oil and gas 

drilling equipment, railroad cars, rìcing sailboats for 

fitings above the keel, oil refining equipment, pulp and 

paper manufacturing equipment, and food processing equip- 

ment. The najor expansion problem for future civilian 
use of titanium at the present time is COST. 

Role of the Government inTitaniwiiMetai. 

The Bureau of Mines in 1946 published its signif i- 

cant papers on the preparation, fabrication, physical and 
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mechanical properie$ or ductile titanium (59). ThIs carne 

FU3 reu1t of many years o1 intenif1cd research at its 
Tuo3on, Jr1zona, Salt Lake City, Jtah, Boulder City, Nevi 

nd College Park My1and .riment stations. These 

pers aroused considerable iuterest aziong uineers, 

IxLet&11urgists, anc Labricators of 1iht-weigÌi niaterials. 

Even before 1946, however, the Ar&y, Navy and other de- 

tense agencies era testing sai1es of he metal supplied 

by the Bureau of Mines for various strategie applications. 

As a resu.].., Armed Services leaders foresaw tìiat titanium 

could be used to maice weapons of superior performance, if 

lt were available in quantity and ut reasonable price. 

The f irt linite4 ooiune'cial proÌuctioì began in 

l94 U2iflL the roll-Bureau of iine process o:i a pilot 
plant basis D' th,i , I. du Pont de Nemour and Company, 

Inc. Evenì o, private enterprise wa reluctant to enter 
the titanium metal field because of the Imminent danger 

or equipment obeolesence fron newer processes and the 

uncertain future of the metal. The government, therefore, 
through the General ervioes Administration, establiuied 

a program to provide government íinancin of sponge manu- 

facturing facilities. This program provided guaranteed 

loans and accelerated te.% amortization. 

In 1951 the government established a purohaae and 

resale program for titanium sponge to niulntaiix maximum 
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capacity during the deve1opient of military applications. 

By the end of 1955 this rvo1ving fund stockpile amounted 

to 6,446 tons. 

A Titanium Advisory Committee with ì)r. Herbert H. 

Kellogg, Columbia hiiversity, School of 1ngineering, as 

chairman, was established on i'ebruary 17, 1954, by the 

0fice of Defense Mobilization (Fiefense I1obilization 

Order V-2) to facilitate coordination of Federal policies 

and programs with respect to titanium supply and to serve 

as a point for collection and dissemination of technical 

information to industry. 

On ;ru3y 16, 1954, titanIum sponge-metal was placed 

on the list of strategic and critical materials. 

Under the government expansion program, many con- 

tracts pertaining, to research and the production of 

titanium metal were signed by GSA (representing the 

Government) and industry. 

Government assistance for additional titanium 

sponge production was suspended by the Office of Defense 

Mobilization (iDM Fress Release No. 428) on September 12, 

1955, but the programs are to be kept under continuous 

review. This action was taken because the supply of 

titanium sponge exceeded the consumption. Senator Stuart 

Symnington and Senator Jaiues DU1f pointed out that 

government subsidized facilities for titanium will be 
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able to produce 22,500 tons annually, but the consumption 

amounted to only 1,500 tons in 1954 and totaled only 1,700 

tons in 1955 (35, p.16). 0i)M, however, recommended that 
the Defense i)epartment continue to expand titanium metal 

use in uiilitary equipment on a production basis, despite 

its present high cost (57, p.2). 
It can be seen by this short summary that the U. S. 

Government, through its defense agencies, has been 

responsible for the rapid growth of the present Titanium 

Industry. 
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CHAPTER III 

GEOGRi 1ff OF THE TITANIUM METAL INDUSTRY 

The basis for the location of the various plant pro- 

duction operations in the United States are to be discussed 

in this chapter. These plant location factors will then 

be used to study the possibilities of the .-acific North- 

west as a basis for a potential titanium industry in 
Chapter IV. 

Raw Material 

The developiaent of the titanium metal industry is 

based upon three groups of titanium ores: rutile (Ti02) 

which usually occurs in sand deposits; concentratable 

ilnienite (FeTIO2) which occurs in sand as well as in 

rock deposits; and non-concentratable, ferruginous unen- 

ita (an extremely fine intergrowth of ilrnenite with 

niagnetite or hemtite) which occurs in rock deposits. The 

North American Continent is endowed with all three forms 

in sienificant deposits to make mining economical. The 

most plentiful are the two ilmenites. See Table i for 

ore analysis. 
The color of ilinenite is usually iron black, but 

it may vary troia red to brown. Rutile usually varies in 

color from red to brown but is sometimes yellow, blue, 
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black, or even green. It may also be found to be trans- 

parent or opaque and has submetallic lustre (58, j.6). 

Today, rutile is the most preferred raw material 

for titanium metal nianu.faoture. The Kroll xrocess re- 
QuiTes that the ore be converted into titaniwu tetrach- 

bride, made by the chlorination process previously 

discussed in Chapter II. The presence of iron, contained 

in ilmenite ores, results in the conversion to ferne 

chlorides that must be subsequently separated from the 

titanium tetrachlonide and complicates the over-all 

process. Thus, the use of rutile permits the simplest 
technology and lowest cost in the production of titanium 

tetrachloride. 

There are two important factors in favor of 

ilinenite for future expansion. They are high cost and 

relative scarcity of rutile compared to ilmenite. See 

Table 6 and 7 for comparison 01' cost and production. It 

should be pointed out that the large production o1 

ilmenite shown in Table 7 is used mainly in the pigment 

industry and in titanium compounds used in steel making. 



Table 6 

Raw Material Prices 

Price Per 
lb. 

Ilmenite concentrate (55S,TiO2) 0.009 

Titanium slag (70%,Ti02) 0.018 

Rutile concentrate (94%,Ti02) 0.06 

Titanium Tetrachioride 0,40 

Titanium Oxide, pigment grade 0.24 

Source: (21, p.75) 

34. 

Price Per lb. 
Ti Content 

0.027 

O . 043 

0.106 

1.53 

0.4.0 
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Table 7 

Production or titan1u concentrates fron domestic ores in 
the United :;tates, 1945-49 (averae) and 1950-55, short 
tons. 

Type Ore 

Ilmenite: / 
Production (Gross eiht) 

1945-49 (average) ........... 
i 950 ..... ..**t... 0.*S. 

343,711 
468,320 

1 951 535,835 
1. 952 
1 953 

......,.....,.. ........ 

. . . . . . . o I ò S e . . 

528,588 
513 , 696 

i 954 . , . . . s . i i a a * i a s s s 547,711 
i 955 a . . . . s a s . a a i o . i e a a 584,100 

Rutile: 

1945-49(averae) ,.......... 7,516 
1 950 ... .. .. ... ........ s. . 7,535 
1 951 . . . . . . a I I a a a e 7,189 
1 952 .......o.ø..4.Ø...... 7,125 
1 953 .. ....... s. 6,825 
1. 954. . . . . . a I . a a S 3 I S a I 7,411 
1 955 .. .... .... a.. .......... 8,400 

L1 Includes a mixed product containing altered ilnienite, 
rutile, and leucoxene. 

Source: (57, p.5) 

The 1ootion of deposits of limonite and rutile in 
the United States are shown in Figuro 5. Not uil of the 

United states deposits shown are presently economical but 

are potential resources for the future eansion of the 

industry. Figure 6 shows the location of the deposits 
that are now being exploited. The New York deposits 
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sup1ies one-halt the total production of 1lenite, Florida, 

one-third, and the remainder from deposits in South 

Carolina and. Virginia. Most of the United States rutile 

production comes from deposits in florida with small amounts 

from south Carolina. 

Huge deposits of forruginous limonite are located 

near Iaranhie, Wyoming in an area approximotely 250 square 

miles surrounding Iron Mountain. The Union acitic hail- 

road owns or controls about sixty per cent of this land. 

William heinhardt, vice president of the railroad, reported 

that the ore contains 46 per cent iron, 19 per cent 

titanium, and about J. per cent vanadium. The deposits 

amount to over 228 million tons lying near the surface that 

can be mined by the open-pit method (27). 

United States Ilmenite Producers 

Ilnienite is being produced by the american Cyana- 

mid Company, Piney diver, Virginia; í. I. du iont de 

Nemours and Company, Inc., .tarke, Florida; Florida Ore 

Processing Company, eibourne, Florida; Hobart Bros. 

Corporation, unter Beach, Florida; Marine Minerals, Inc., 

Âikon, South Carolina; National Lead Company, Tahawus, 

1ew York; Rutile Mining, Company of Florida, JacKsonville, 

Florida; and the Titanium iüloy I'ñanitaeturing Company, 

Division of the National Lead Company, Jacksonville, 
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Florida. The ]3aixnahotf-Marshll, Incorporated and Idaho- 

Oanadian iredgin Company of' Boise, Idaho recovered ilmen- 

Ite from rnonazite but discontinued operations irì August, 

1955, reportedly for lack Of a market (57e p.4)e 

The largest ilmenite mine in the United 3tates is 

the National Lead Company's op3n-pit operation at TaM- 

wus, New York. Iit the present time the ine yields 5,000 

tons of ilmenite-raugnetite ore daIly. The company's mill 

at the saiie location produces 2,000 tons of iaanetite con- 

centrates and 1,000 tons of limonite concentrates daily 

(20, p.83). The reserves in the Tahawus, New York deposits 

are estimated to be about 150 million tons. 

Hurnphreys Gold Corporation, Denver, Colorado 

operates mining facilities for E. I. du Font de Nemours 

and Company that produces approximately 200,000 tons 

yearly from its Lowtey and Trail Ridge, florida ilnenite 

plants in north central Florida. The operation usos a 

dredge f1oatin on a ttrave1In?, lake" which xmines tue 

Florida's white sands to et out cod-black limonite. The 

dredge and separators, floating on the lake, pick u th 

sand in front, takes out the black ore, and pours the sand 

back in again behind them. The separation of the ore from 

the sani. is done by a system of spirals in a Ytwet mill," 

then the ore is piped to a "dry mill" on land; where it is 

further concentrated by electro-magnetic and eleotro-statio 
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separators. For every loo tons of sand that is dug out, 

approxinitely two tons of ilmenite is recovered. 

United ;jtates Rutile Froducers 

Rutile i beIng produced by the Florida Ore krocess- 

ing Company, Melboarne, Florida; The Hobart Bros. Corpora- 

tion, Winter Beach, Florida; Marinc Minerais, Incorporated 

in Aiken, )outh Carolina; Rutile MIninG Coxipany of Florida, 

Jckonvi Ile, Florida; and Titani Alloy Manufacturing 

Conpeny, Division of the Nat±onal Lead Company, Jackson- 

ville, Florida. 

The rutile production is on the increase in the 

United tat.es with an expansion goal set by the Office of 

Defense Moìilization for 35,000 tons. Fven with this 

increased expans!.on, It is doubtful that the production 

will be enough for the increased need of the titanium 

industry (57, p.5). Rutile is the oni:î titanium cilneral 

included in the National 3tocIpile List o 3tretegïc and 

Critical Materials. No other titanium minerals have been 

purchased by the governi.3nt for stockpiling purposes 

(9, p.11). 

United states Imports of Titanium Ore 

The imports to the United tates £roi the world 

market by countries is hon In Table 8. 



Table 8 

Titanium Concentrates Imported for Consumption in tkie United Jtates 1950-55 by 
Countries in 3hort Tons 

__C2.ut:y ------- 
umani te 

Canada J' 1,357 3,776 3,45l 139,585 107,521 111,589 
Norway 27,155 --- --- 
India 187,834 184,145 145,562 147,005 167,484 168,275 
Australia 112 100 --- 54 

Rutile 
Australia 3,427 11,023 19,394 16,098 14,965 16,256 

Grand Total 199,885 199,044 203,407 302,742 289,970 296,120 

Canada chiefly all titanium slag averaging about 70 Tb2. 

Source: (56, p.12)(57, p.6) 

I-J 
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The coniparison between foreign and domestic produc-. 

tion IS shown in Table 9. This indicates that the United 

States is depending on roreign imports for approximately 

30 per cent of ilmenite consumption and 66 per cent or 

rutile consumption for all titanium uses. The increase in 

titanium metal production in the United States will un- 

doubtedly result in an increased amount 01' import, unless 

technological developments result in more economical 

production techniques for lower grade domestic ores. There 

is no tariff on titanium. concentrates. 

United States, India, orway, Canada and australia 

supplies most of the world's ilmenite production, with 

Spain, Egypt, Portugal, and Brazil providing minor tonnage. 

The i].menite from India comes from the beaches of Travan- 

core and are expected to continue production on a large 

scale for many years. Australia is, at the present time, 

the world's largest producer of rutile with the United 

States, Irench Oameroon, India, and Norway producing the 

remainder. 

The discovery of an estimated 25 million tons of 

rutile near Ouzaca, Mexico by the hepublic Steel Corpora- 

tion of Cleveland, Ohïo was announced in 1954. The 

deposit is located 26 miles from the nearest shipping 

port, ruerto tingel on the acific Coast. The ore that was 

mined in 1954 was stockpiled for concentration. The 



Table 9 

Comparison of Dostio k'roduction or 'ritaniu Concentrates with Foreign Imports 
1950-55 short tons 

IlnerLite 

Domestic production 468,320 535,835 528,588 513,696 547,711 564.,100 

Foreign imports 196,458 l8821 l4,Ol3 2E6,64.4 275,005 179,866 

Total 'J.c. 664,778 723,856 712,591 8OCi,34.O 822,716 763,966 
Iniport of Total 29.6 26.0 25.8 35.8 33.3 2.5 

Rutile 

Domestic production 7,535 7,189 7,125 6,825 7,141 8,400 

Foreign iiports 3,4.27 11,023 19,394 34,098 14.965 16,256 

Total U.S. 10,962 18,212 26,519 22,923 22,376 24,656 

Import % of Total 31.3 61.0 73.2 70.5 67.0 66.0 

Source: (56, p.12)(57, pp.5-6) 
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company has plans for a monthly export to the United States 

of 2,000 tons of rutile concentrates, averaging 95 per cent 

titanium dioxide. No shipments have been reported to date, 

however (56, p.5). 

The world's largest developed llhuenite deposit is 

located at llard Lake in astern uebec, Canada. It is 

estimated to contain 300 mIllion tons of 26-40 per cent 

iron and approximately 32 per cent titanium oxide. The 

ore is shipped south to the St. Lawrence River to Jorel, 

where it is concentrated by electric arc furnaces to form 

pig iron and titanium slag (70-75 per cent Tb2). Two- 

thirds of it is owned by Kennecott Copper Corporation and 

the remaining one-third by New Jersey Zinc (6, p.23). 

Present Plant Locations 

In Figure 7 is shown the locations of all titanium 

sponge producing plants, and those that are under con- 

struction or proposed. The planned annual production 

capacity under existing Government contracts call for an 

annual output of 21,600 short tons in 1957. E. I. du Pont 

de Neíaours and Co., Inc., Newport, Delaware, and Titanium 

Metals Corporation of america, Henderson, Nevada, are 

the major producers. 
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In Figure 8 the plant locations ot present ingot 

producers and those under construction are shown. The 

niajor producers of ingots and mill products in tfle United 

States are: Titanium Metals Corporation or America, 

Henderson, Nevada; Rein-Cru Titanium, Inc., Midland, 

Pennsylvania; Mallory-Sharon Titanium Corporation, NUes, 

Ohio; and Hepublic Steel Corporation, Cleveland, Ohio. 

cI' te1taniumieta1 Indus t1 

The E. I.du Font de Neinours and Copa Inc., 

Newport, Delaware, was the rirat United States producer 

or commercial titanium sponge. The present plant is now 

producing IO tons of' titanium sponge daily (inaximwn of 

3,600 tons per year) using a modified Kroll Process of 

Magnesium reduction of titanium tetrachioride. The chief 

factor for the selection of this site was the existence 

or facilities already owned by the company. At the present 

time the company is only enraged in sponge manufacture from 

its own ore deposits in florida. This ore is shipped to 

the plant by railroad. 

Afl expansion goal under a Covernment contract sirned 

;ru.ly 24, 1952, calls for an annual production of 13,500 

tons, in addition to its own private facilities of 14,500 

tofl$. The expansion is to take a five-year period begin- 

nine. when additional facilities are producing approximately 
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1,350 tons and termination no 1ter than June 30, 1962. 

1ans are now underway Lor new plant facilities at Vlaver- 

ly, Tennessee. 

Titanluni Mctal Corporation of Amorica, Henderson, 

Nevada, is owned by Nations]. Lead. Conipany and Allegheny 

Ludltwi Steel Corporation nd i tho world's 1arest 

integrated plant with faci1itis for chloz'iation cf 

titanium ore and recovery oC rmneiwzi mnd chlorine by 

electrolysis of magnesium chloride. The present 3te was 

the fariner Basic Magnesiuci, Inc. plant built by the 

government during or1d War II an was taken over on &n 

agreenent with the government on August i, 1951 (9, p.17). 

Major conponents cf the plant were lcwed froia the State 

of Nevada. 

The company began commercIal production in October, 

1951 and now has an annual capacity of 300 tons of 

Sponge. 

The coiupany imports its basic raw material "rutile" 

fron 4uctralia. Magneciuii and chlorine are urcfl&sed from 

Stauífer Chemical Company, nearby. 

Recycling of xnagne$iuzi and chlorine requires a high 

power consumption. Electric power is allocated from 

Jioover and Davis Dams by the Cclorado ldvE'r CoiirAision up 

to a maximum of 151 million kw-hr (9, p.18). 
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Sponge is converted Into ingots using the double 

melting or a consi.uiable electrode in a vacuum arc furnace 

iethod. The Ingots are shipped to Allegheny Ludlum Mills 

at Brackenridge, Pennsylvania .est Lee ehburg, Peunsylvan- 

la; Dunkirk, New York; Detroit, Miehian and Los írneles, 

Calirornia (66, p.35). 

Titanium Corporation of .iwìerica is sendlng large 

of mouey Oli ituxilum reseeoh. 

The Do iiuiicaì Coxi, i'4dianu, iehigtn, is 

producing sponge by nagnesiuia and titanium tetrachioride 

reduction (niodifiect Kroll £rocess), under a government 

contract signed July 8, 1954, by which the corns any agrees 

to maintain a minimum production or five tons per day 

(9, p.19), (a maximum cpaoity of 1800 tons per yeur). 

The oomiany expeots to be In full production soinetinie dur- 

Ing 1956. Mr. italjh M. Hunter, starr coordinator of 

electrooiieinioai aotivitie8 for th6 eompariy, reported 'the 

chief iactors for selecting this plant site at Midland, 

1ichigan, was the availability of personnel and company 

possession of chlorine and ingnesium.v 

The plant uses rutile lniported tromri Australia and 

plans to use rutile from 1exico and later ilmenite slag 

from Sorel, Oanada. 

íiectrlc power fox plant operation la gencrated by 
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the company. 

Cramet Incorporated, Chattanooga, Tennessee, a sub- 

sidiary of the Crane Company, signed a contract with the 

government on July 31, 1953, for the construction and 

operation of a plant with a capacity of 6,000 short tons of 

titanium sponge annually. A modified Kroll reduction 

process of magnesium and titanium tetrachioride is used. 

The basic raw material rutile is obtained from iustralia, 

but the company expects to use ore from Florida and South 

Carolina. They are planning to melt some of their sponge 

and. sell some. Full production is expected in late 1956 

or early 1957. 

The Electro Metallurgical Company, a division of the 

Union Carbide and Carbon Corporation, signed a government 

contract on September 10, 1954, for a titanium plant at 

Àshtabula, Ohio, with an annual production of 7500 short 

tons 01' titanium sponge. The initial production is ex- 

pected to start during 1956. 

They will use sodium reduction of titanium tetra- 

chloride rather than magnesium as used in the Kroll 

Process. This new process is the first commercial 

facility to use a process other than the modified Kroll 

process, The company has spent over two million dollars 

researching this new process over a five-year period. 
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Sodium and chlorine will be obtained from National Dis- 

tillers with plans being made to recycle the byproduct 

sodium chloride. 

Horizons litanium Corporation signed a contract with 

the government on 3u.ly 1, 1954, to install a pilot plant 

using a company electrolytic process t Stamlord, Connecti- 

cut. The process is the electrolysis of potassium titan- 

iun fluoride. No other details are available from this 

company at the present time. 

Western Fyromet Company received a government con- 

tract on August 31, 1954, for the lease of the government- 

owned magnesium plant at Manteca, California (seventy miles 

southeast of San Francisco) for a perio3 of nine to twelve 

months with an option for a ten-year lease. B. D. Hardin, 

president of the company, estimates the production will be 

6,000 tons annually. They are using, a modified Kroll 

process and buying their raw materials on the open market. 

Mr. Hardin reports that the company owns ilmenite proper- 

ties in Nevada but does not anticipate development for at 

least rive years. It is estimated that the conversion of 

the plant will be approximately one-fourth the cost of a 

new plant (46, p.54)(9, p.20). 

Ren-Cru Titanium Corporation, Midland, Fennsylvcnia, 
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jointly owned by Remington Arias Company and Crucible iteel 
Corporation, produces inots from sponge and processes 

them down Into sheet, bar, billet, wire, plat6, tubing and 

other mill products. i11 .roeoszing is ione in a nwnber 

of different Crucible Steel Coipany plants, ail located 

in the eastern 2irt of the tjnited states. The chief 

factor in tho selection of the 1idland site as reported by 

Mr. k. G. Catersor, 3les Engineer tor the company, was its 
proximity to available rollins ìiilils. The principal 

supplier of s1on{e is the E. I. du lout de Neiuours and. 

Coxnpany, Inc., at Newport, Delaware. Gmerally, motor 

truck transportation is used from the sponge source. Mr. 

Caterson stated that it is impractical, at this time, to 

give an indication of the number of Kilowatt-hours of 

electricity per pound of ingot produced, since the methods 

of titanium melting are under constant study and revision. 

A figure, given today, would be misleading in the near 

future. The company's source of electric power is the 

Duquesne kower and Light Company. The future capacity of 

the plant is contingent on the potential demand or 

military aircraft and the chemical process field. 

Mallory-Sharon Titanium Corporation, lUisa, Ohio, 

was founded in 1951 jointly by r. I. Iallory and Company, 

In Indianapolis, Indiana and Sharon ¿teal Corporation, 
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Shìron, Pennsylvania. It includes a titanlu.ni me1tin plant, 

research laboratory, rolling mill, engineering, and ad- 

ministration building, oecupyin, twenty-two acres. The 

main reason for the Nues location was the existence of 

rolling ficil1t.e (formerly Nibs Rolling Mill) and sufflo- 

iar; lanc& for future expansion. Truck transportation is 

used to deliver sorìge troni E. I du Iont Company at New- 

port, Delaware. Mallory-haron oij any was the originator 

or the double-meiing process called "Method wflicki 

imroves quality a1 predictable properties. "Method S" 

is the consumable electrode arc, nielting in u vacuum 

process. ieetr1c power is obtained from the Ohio 

Edison Company. 

Republic Steal Oorporation, Cleveland, Ohio. iro- 

duction of fleublic teel Corporation consists of spenge 

melting, rolling, and fabricating of titanium and titanium 

alloys. It purchw3es eponge neinly from i. I. du Pont de 

Nornours Company, Inc. xtensive knowledge of Republic's 

activity is not available, but experts believe they are 

potential leaders in tne industry because of their exten- 

aive reputation in Metallurgical eseareh and in the steel 

industry. They own rutil3 mining properties in Oazaca, 

Mexico, and have reported they expect to ship rutile 
concentrates to the United States in the near future. 
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Republic 3teel also hua integrated titaniwn melting and 

rolling at its Massillon and Nues, Ohio steel plants. 

Foote Mineral Company, khiladelphia, i-ennsylvania. 

This company's only interest in titaniwn consists of the 

manufacture of approximately 100 to 200 »ounds per year oí 

high purity iodide titniuni crystal bars, which are sold 

to various laboratories for doini basic titailum alloy 

researon. 

Metal ilydrides, Inc. at Zeverly, Massachusetts, is 

interested, solely, in tne production of bitanium in 

powder forr. y their patented process using Tb2 and Call2. 

They are not oontemplatin going into the raanul'aoturc of 

titanium metal products. The company's main effort is in 

research. 

Ore'on Metallurgical Corporation, Albany, Oregon, 

is building ne1ting and fabrication facilities. This 

firm plans to use the double melting vacuum arc method 

for producing titanium ingots from sponge obtained on the 

open market. Sorne mill roiling is also planned. 

Th Federal Bureau ofh'lines at Boulder City, 

Nevada, built a pIlot plant for rusearching of th iroll 
Ärocos early in 1944. .tthis plant, in agreement with 

other government agency, on uipril 30, 1953, was to produce 
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titaaium sponge to supplement, but not oopete vith private 

production. It produced 246 tons Oí spcnge before operation 

ceased Septrnber 7, 1954. The Bureau of Mines, from this 
operation, was able tc obtain accurate cost v&1!wtion of 

titanium production processes to facilitate their research 

program in the titanium metal field. 
Recently, the Bureau of Pines, at its regional head- 

quarters at Albany, Oregon, completed research on produc1n 

a highly concentrated T102 slag (90% Ti02) frein ferruinous 
ilzaeriite This clevelopm.erit is very significant , because 

the highest concertrat3 previously obtained conmercia11y 

was only approdmate1y 70% Ti02. The process uses one to 

one ratio of ore and io f ud (weod chips) in an open 

furnace (4). 
The following companies are engaged in various stag- 

60 Of reseeroh: AnacondE Copper Mining Company, Bohn 

Alwdnuxia and Brass Corporation, Eag1e-icher Company, 

Glidden Company, Kaiser Aluc-d.nura and Chemical CorporatIon, 

National Distillers k-roducts Corporation, Monsanto Chemical 

Coxapary, and 1ational Research Corporation. Harvey Machine 

Company le seoing a government contract ror sponge 

productIon. 

Current irohlexas of the Titanium Industy 

There are five major problems of the titanium 
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industry today, all or 'vhich are equally important: f]..) 

Inadequate knowledge of the location, quality arid grade 

or domestic titanium minerals; (2) methods for economical 

recovery of titanium; (3) the high cost of producing 

titanium metal anl titanium metal products; (4) addition- 

al information is needed on the properties and uses of 

titanium metal; (5) development of practices for processing 

titanium scrap is needed. 

iactors of k'lant Location 

The locations of present titanium metal plants have 

beau based mainly on the availability of facilities suit- 
able for conversion to titanium metal production. The 

availability of electric power in sufficient amounts to 

support plant operation was also a major consideration. 

It is estimated by experts that the over-all power re- 

quirement to produce one pound or titanium metal from its 
basic ore to titanium ingot to be approximately 40-50 

K1-hours. The location of the necessary raw materials and 

potential markets affected plant locations to a lesser 

extent. 

The factors of lower cost production in relation to 

plant locations are: cost of electric power; location of 

raw materials; labor resource; and location of the major 

consumers. It would be practically impossible to satisfy 
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all of these reuirenlents, but the most iportant 'ou1d be 

availability nd cost of electric power, plus the location 

of the necessary raw materials. 

Expanded titanium metal production 'Kill require the 

shifting of plants to locations that will effect the low- 

est possible production costs in order for titanium metal 

to be used in applications where cost is equally as 

important as its superior properties. 

Future Outlook of the Industry 

When the industry reaches maturity, it is antici- 

pated by some experts that the production and consumption 

of titanium metal will he about 200,000 tons ennually 

(21, p.72). This prediction assumes peacetime utilization 

and the maintenance of powerful armed forces. 

Domestic supply of titaniferous minerals are avail- 

able In considerable supply to meet the demands of the 

increased titanium industry through recent technological 

improvements in smelting titaniferous iron ores. Rutile 

cannot be considered the major material for titanium metal 

production, because it does not occur in sul'ficient 

quantIties; therefore, the titanium metal industry in the 

future will be based upon the use of ilmenite or a high- 

titania slag (9, p.22). 

Technological improvements in alloy qualities, uses, 
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and utilization of scrap are necessary in order to be cer- 

tain of the demand and lower cost. The planned annual 

production now totals 22,500 tons, which is expected in 

1957. If lower cost production methods are developed and 

the price declines to the level of stainless steel, the 

demand woulu be greatly expanded, resulting in a large and 

profitable industry of the future. 
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CHAPTER IV 

TH PACIPIG NORTHWEST AND PHE TITANIUM INDUSTRY 

The plant location factors previously discussed in 

Chapter III ore the basis for determ1nin the possibilities 

of a titanium industry in the racific Northwest. These 

factors are: (1) availability and cost of electric power; 

(2) location of raw materials; (3) labor resources, and 

(4) location of wjor consumers. These factors, as they 

are applied to the Pacific Northwest, are discussed below. 

Availability and Cost of Electric iower 

The exact anount of electric power required for the 

production of titanium metal is not known at the present 

time because of the variations and chances in production 

technicues. Mr. stephen 3helton of the Orcon Metallurg- 

leal Corporation at Albany, Oregon, in an interview with 

the writer, estimated that the power requirements for an 

integrated titanium metal plant (production from the 

basic ore to the finished ingot) would probably be 40-50 

KW-hours per pound 01' titanium. Dr.H. H. Kellogg (21) 

estimated the requirements for sponge production to be 

14 KJ-hours per pound and ingot production 2.2 K«/hr/lb. 

Mr. Lloyd Banning of the U. S. Bureau of Mines, Albany, 

Oregon, in a personal interview said that he would 
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estimate the power required to produce 90 per cent titanium 

slag from llmenite (4) to be 4,000 KW-hours per ton. There- 

fore, lt can be assumed that power availability is a pre- 

requisite to titanium rneaJ. production. 

iower systems in the raoific Northwest are Inter- 

connected in one large network of generating, stations and 

transruissiori lines, known as the Northwest ±ower fool 

(10, p.79). The rower iool is divided into East and ;est 

Groups as follows: 

ìest Groups 

U. . Columbia River zower system 

eatt1e, City of 
Tacoma, City of 
kuet Sound kower & Light Co. 
Washington ater power Co. 

Pacific Power & Light Co. 
Portland General Electric Go. 

East Groups 

Idaho Power Co. 
Montana Power Co. 
Utah Power & Light Co. 

British Columbia Electric Co. 

Source: (63, p.9) 

Locution 

Oregon, ashington 
Idaho, Montane 
Washington 
ashingt on 

Wa ah ingt on 
Washington, Idaho 
iont ana 
Oregon, .rash1ngton 
Oregon 

Oregon, Idaho 
Montana 
Idaho, Utah 

British Columbia 

This k'oer fool provides the region with the follow- 

ing benefits: (1) major utility companies can coordinate 

their operations Including both hydro (which is the major 
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source) arid streaia generation, to provide the most econom- 

leal use of total energy resources; (2) continuity of' 

service and lower cost to the utility companies because of 

economic transfers by a large nuniber of Inter-connections; 

(3) a savings in the amount of standby capacity needed to 

meet emergencIes is effected; (4) operation perrits more 

firm power than 1f each system Is on an Isolated basis 

(63, p.10). See Table 10 for generating capacity or the 

Fool. 

The historical analysis of the region shows that in 

the past decade barely enough development of electric 

power resources has beeiì done to keep pace with Its expand- 

ing economy. However, the ì.'aoific Northwest Is endowed 

with 37 per cent (35 mIllion KW) of the nation's "hydro't 

electric power potential and only 13 per cent of It is now 

developed (12, p.18). Controversies over hether develop- 

ment of this hydro-potential should be done through public 

or private fin9nces has occupied a large amount of time 

and has delayed considerably the future development of 

this resource. Electric power requirements by major 

classes 0±' consuruers in the west group area of the North- 

west power pool Is shown In Table 11 along with estimated 

future requIrements. Table 12 indicates the future loads 

and resources with power deficit shown, after 1960. 



GENERATrNG CAPACITY 
PACIFIC NORTHWEST POWER POOL AREA IN THE UNITED STATES 

N.mepiate R.ing in Ki1owata 

Exi5ting December 31, 1950 Exi5ting Jane 30. 1955 
Hydro Thrma1 Total Hydro Thermal ?otal West Group of Northwest Power Pool 

U. S. Columbia River Power System ....... Z, 138, 400 0 Z, 138, 400 3, 588, 800 0 3, 588, 800 Seattle, City of ................ ¿19,260 30,000 ¿49,260 549,z6o 53,000 602, 260 Tscoma, City of ............... 207, 500 34, 000 241 , 500 238, 000 59, 000 297, 000 Northwestern Electric Co, 1/ ......... O O O O O O Pacific Power & Light Co. TI ......... i 22, 480 53, 500 1 75, 980 236, 420 82, 720 31 9, 140 Portland General Electric Co .......... 106,410 88,000 194,410 121,820 88,000 209,820 Puget Sound Power L Light Co. ........ 203, 250 93, 000 296, 250 206, 500 70, 000 276. 500 
Wsshngton Water Power Co .......... 203, 210 O 203, 210 354, 650 O 354, 650 

Total West Group Utilities ........ 3, 200, 510 298. 500 3, 499, 010 5, 295, 450 352, 720 5, 648, 170 

East Group of Northwest Power Pool 
Idaho Power Co ................ 267, 930 1. 500 269. 430 350, 730 1 , 500 352,230 
Montana Power Co ............... 364,840 0 364.840 421,940 60,000 481,940 
Utah Power I, Light Co ............. 1 76, 080 96. 250 272, 330 175, 830 366, 000 541,830 

Total Power Pool Utilities n U. 5. , . . . 4, 009. 360 396, 250 4, 405, 610 6, 243, 950 780, 220 7, 024. 170 

Other Utilities in and Adjacent lo Northwest 
Power Pool Area 

Bureau of Reclamation ............ 40, 300 0 40. 300 103, 800 0 103, 800 
Bonners Ferry, Cityof ............ 2,380 240 2,620 2,380 240 2,620 
Centralia, City of ............... 4, 000 0 4, 000 9, 000 0 9, 000 
Chelan Couuty PUD .............. 2,450 0 2,450 185,450 0 185,450 
Clallsm County PUD ............. o 650 650 O 990 990 
Cowlita County POD ............. O 26, 640 26, 640 0 26, 640 26, 640 
Ellensburg, City of .............. 2, lOO 500 2,600 O O O 

Eugene, Cityof ............... 21,500 25,000 46,500 21,500 ¿5,000 46,500 
Grays Harbor County PUD ........... O 16.900 16,900 0 15.500 15,500 
Idaho Falls, City of ............. 7. 400 2, 840 10, Z40 7, 400 2, 840 lO, 240 
Lower Valley Power & Light. Inc ........ I, 600 700 2, 300 2, 600 700 3, 300 
McMrnnville, City of ............. 200 2, 740 2, 940 200 2, 740 2, 940 
Milton-Freewater, City of ........... 1,360 420 1,780 1,360 420 1,780 
Okanogan County PUD ............. 3, 200 0 3. 200 3, 200 0 3, ¿00 
Orcas Power 1, Light Coop ........... O 2, 550 2, 550 0 2, 550 2, 550 
Pacific County PUD .............. O 1, 500 1, 500 0 500 500 
Pend Oreille County PUD ........... O O O 15, 560 O 15, 560 
California Oregon Power Co .......... 142. ¿20 1 5, 880 1 58, lOO ¿23, 670 1 , 030 224, 700 
Califorma-Pacific Uti1ites Co ......... 3, 580 2, 580 6, 160 2, 900 1 , 450 4, 350 
Montana Light I. Power Co ........... 4, 500 0 4, 500 4, 500 0 4, 500 
Mountain States Power Co. t/ ......... 6, 050 16, 580 22, 630 0 O O 

Star Valley Power & Light f .......... 980 150 1,130 980 150 1,130 
Teton Valley Powe r & Ml1ing Co ........ 1, 870 O 1, 870 1, 870 0 1, 870 

Total All Utilities ............ 4,255,050 512, 120 4,767,170 6,830, 320 860, 970 7.691.290 

!/ Capacity of Pacific Power & L,ght Co. ,ncressed on May 31. 1947 by merger with Northwestern Electric Co. and on May ¿1, 1954 by 
merger with Mountain States Power Co. 

Table lo 



ELECTRIC POWER REQUIREMENTS BY MAJOR CLASSES OF CONSUMERS 
WEST GROUP AREA OF NORTHWEST POWER POOL 

Million3 of Kilowatt-Hours 

Domestjc Commercial Total Annual 
Urban and and Small Large Irrigation Energy 

!.!! Rural Industrial Industrial !/ Pumping Other Loe Requirement. 

Actual 
1940 .......... 1,065 881 2,186 ¿Z 177 l.0Z9 5.360 
1941 .......... 1,279 950 3.558 20 190 1.198 7.195 
1942 .......... 1,552 1,018 5,526 21 246 1.492 9,855 
1943 .......... 1,830 1, 114 8,204 23 427 1,563 13,161 
1944 .......... 2,007 1,196 9,181 24 564 1,938 14,910 

1945 .......... ¿,304 1.334 7,575 39 60Z 1,890 13,744 
1946 .......... 2780 1,507 6,203 44 55Z ¿.055 13,141 
1947 .......... 3,409 1,777 8.430 49 554 ¿.463 16,682 
1948 .......... 4,144 2,154 9,446 50 523 2,990 19.307 
1949 .......... 4,834 2,214 9,772 66 480 3,019 20,385 

1950 .......... 5,469 2354 11,187 101 500 3,128 22.739 
1951 .......... 5,940 2.499 12,672 369 505 3,630 25.615 
1952 .......... 6,722 2,686 12,601 2/ 391 563 3,268 26. 231 
1953 .......... 7,272 2,827 15,182 473 541 3,801 30.096 
19543/ ........ 8160 2,958 16.348 784 542 4,108 32,900 

Estimated 
1955 .......... 9,197 3,147 18.362 832 572 4,587 36,697 
1956 .......... 10,272 3,376 21,326 879 609 5,212 41,674 
1957 .......... 11,388 3,613 23.554 975 626 5,389 45,545 
1958 .......... 12,546 3,876 24,093 1,098 638 5,651 47,902 
1959 .......... 13,743 4.148 24,441 1,168 649 5,983 50, 132 

1960 .......... 14,988 4,446 24801 1,283 660 6.097 52,275 
1961 .......... 16,277 4.756 25,173 1,373 671 6.290 54,540 
1962 .......... 17,472 5.096 25,557 1,474 683 6,669 56,951 
1963 .......... 18,707 5,466 25,953 1,582 695 7,107 59,510 
1964 .......... 19,986 5,850 26.518 1,689 707 7,466 62,216 

1965 .......... 21,309 6,266 27,194 1,802 719 7,812 65,102 

1/ Exclusive of any new large electroprocess plants after 1957. 
!/ Decrease from previous year due to curtailment of large industrial loads and other voluntary curtailment. 
1/ Partially estimated. 
- Table 11 O.' 



Winter Peak 
Firm Loads 1/ .......... 
Area CapabiiTties 2/ ........ 
Surplus or (Deficitj ........ 
Interruptible Loads Not Included 

Average Energy During 
Storage Drawdown Period 

Firm Loads !/ .......... Area Capabilities 2/ ........ 
Surplus or (DeficiiJ ........ 
Interruptible Loads Not Included 

Winter Peak 
Firm Loads ! .......... trea Capabilities 2/ ........ 
Surplus or (Deficitj ........ 
Interruptible Loads Not Included 

Average Energy During 
Storage Drawdown Period 

irm Loads !/ .......... Area Capabilities 2/ ....... 
Surplus or (Deficiij ........ 
Interruptible Loads Not Included . 

LOADS AND RESOURCES 
WEST GROUP AREA OF NORTHWEST POWER POOL 

Thousands of Kilowatts 

1955-56 1956-57 1957-58 1958-59 1959-60 1960-61 1961-62 1962-63 1963-64 1964-65 1965-66 

Critical Year (1936-37) Hydroelectric Conditions 

6. 020 6, 566 7, 050 7, 522 7, 939 8, 351 8, 748 9, ¿25 9, 730 10, 270 10, 852 
6865 7,546 8,036 8,942 9363 l0202 10,215 10,215 10,215 10,215 10,215 

845 980 986 1,420 1,424 1,851 1,467 990 485 (55) (637) 

574 678 665 614 614 625 684 684 684 684 684 

4,133 4,483 4,817 5,138 
4, 524 4, 818 5, 129 5, 515 

391 335 312 377 

538 627 654 602 

Median 

6,089 6,629 7,123 7,617 
7,008 7,694 8,137 9,109 

919 1,065 1,014 1,492 

576 680 667 616 

4,144 4,494 4,838 5,165 
5,205 5,501 5,916 6,381 
1,061 1,007 1,078 1,216 

525 615 648 597 

5. 387 
5, 621 

234 

602 

4onth Ye 

8,041 
9, 504 
1 463 

616 

5,424 
6, 639 
1, 2)5 

597 

5, 637 
5, 734 

97 

613 

ar Hydro 

8, 443 
10, 335 

1, 892 

627 

5, 676 
6, 732 
1, 174 

608 

5,852 6,142 6,449 
5, 797 5, 798 5, 798 

(55) (344) (651) 

672 672 672 

electric Conditions 

8,840 9,320 9,825 
10,348 10,348 10,348 
1,508 1,028 523 

686 686 686 

5,892 6,179 6,485 
6,814 6,804 6,787 

922 625 302 

667 667 667 

6,779 7,133 
5,798 5,798 

(981) (1,335) 

672 672 

10,365 10,948 
10,348 10.348 

(17) (600) 

686 686 

6,813 7,165 
6,769 6,762 

(44) (403) 

667 667 

! Includes transmission losses. 
yCapabilities include 100 per cent use of all generating facilities in the area plu. all available surplus supplies imported from British 

Columbia and Montana. 
Table 12 

o' 
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A study of these tables reveals the fact that lt te doubt- 

ful that there will be power available for a large titan- 
iutn metal Industry in the .LaCifIc Northwest now or In the 

future. 

Dr. Kellogg (21) ha estixaated the future cost for 

producing titanium sponge, baaed on a plant with an annual 

capacity of 30,000 toììs, as follows: 

Raw Materials 
Electric Power 

(7 nils/Kw-hr) 
Fuel and Water 
Labor 
Ma lut e nane e 
Non-processing cost 

Cost Per Per Cent 
Lb. Ti of Cost 

4l1,l70,000 18.6 25.7 

5,880,000 9.8 13.5 
900,000 1.5 2.1 

7,300,000 12.2 16.8 
9,500,000 15.8 21.8 
.17Ç0,000 14.6 20.1 

Total Production Cost43,54O,0O0 72.5 100.0 

The power required for a plant of this size is 

approximately 840,000,000 kilowatts-hours per ycar. 

ThG cost of ilederal generatcd power direct from 

the !3onnevi11e Adriinistration averages 2.14 mils 

per kilowatt-hour, which le the kilowatt-year rate for 

firm power delivered anywhere fron the U. S. Colurabla 

River Trananission System (64, p.22). 

The power cost in :r. Kellogg's futuro estimate 

above, based on 2.14 mils per kilowatt-hour, would be 

l,800,000 (3.0 cents per pound titanium). A savings of 



:4,O8O,OOO (6.8 cents por pound 

annually. With all other facto 

cost for producing one pound of 

reduced fron 72.6 cents to 65.8 

cost power or an annual suvings 

production costs. 

Location of aw Materiale 
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titanium) would result 

LS reiuining the same, the 

titanium sponge could be 

cants, using the lower 

or 9 per cent in ver-ii 

The only economical occurrence o1 titanium ore in 

the i'acific Northwest is found in Idaho, where limonite 

is recovered rrom monazite. ILuenit6 also oocu: in the 

coastal sands ut is not 300nozai3ai to reooer. 

Tria limonite la Idaho was r Qverei. by dredging 

operations conducted by ßaumhoff-1arshail, Inc. and Idaho 

Canadian ìredging onipany in Valley County (57, p.6). 

Tnsy recovered and stockpiled approximately 80,000 tous 

of ilaenite viIeh is flOW being shipped to St. Louis for 

the pigment industry. Th Idaho dredging operatIon 

ceased in August 01' 19)5. (It is very doubtful that the 

Idaho deposits could provide ilmnite in sufficient 

amounts to support a large industry In the PacIfie North- 

west). 

The lare titaniferrous ore deposits at Iron 

otuitain in iyoming Is aiificait to the Pacific North- 

west because of the recent developuent by the Bureau of 
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Mines in producing a high titanluni slag concentrate (4). 

This method re'uires hog tue). (wood chirnps ) , or vhich the 

Northwest has 1are re$ource du to it forest industry. 

This ore could be shipped by railroad to the lacific North- 

west ror smelting into titanium slag and its by-product, 

pig iron. 
The Forts of the Puget Sound and Lower Columbia 

River are inportant for shipping ilmenite from other 

dociestic sources as well as from foreign sources. 

Chlorine can be obtained from two concerns in the 

region: Hooker lectrochemioal Corporation of Tacoma, 

Washington, and Pennsalt anufacturing Company of 1ortland, 

Oreon. This chlorine is used in tIe chlorination of the 

titanium slag to produce titanium tetrachioride. Four 

tons of the chlorine are reLuired to produce one ton of 

titanium tetrachioride. The cost of chlorine in the 

Pocific Northwast is 56 a ton as compared to 4.67 a ton 

from sestern sources. 

Ths magnesium required in the reduction process is 
obtained from the Dow Chemical Company, Valasco, Texas, 

which is the largest source in the ited States. 

Labor Resources 

The availability of' labor doea not weich heavily in 

titanium mete]. plant location because the key expericnced 
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personnel would be recruited fron outside sources. Án 

inexperienced labor force is available is indicoted in 

Table 13 below: 

Table 13 

LABOR FORGE - WÁSHINGTON ND O1GON 
1950 

Total labor force 

Civilian labor force 
Unemployment 
Eiiployment 

asbington Oregon 

957,611 619,595 

900,746 616,733 
60,6814. /40,223 

840,062 576,510 

Source: Bureìu of the Census, 1950 Census of the 
ropulation, Volume II, "Characteristics 
of the PopulatIon." Croes reference 
Employment 111-B. 

L2catign or Major Cpnmimers 

The largest present consumer of titanium metal 

products is the aircraft industry. Thi$ fact wou1i ecm 

to be advantageous to the P acific Northwest because the 

largest percentage of aircraft production in the United 

itates is west of ]enver, Colorado. California has 40 

per cent of the nation's non-military production, while 

ashington has II er cent. 

Titaniwn metal suìplied to this market frani the 

Pacific Northwest would have an important advantage in 



lower transportation charges over metal shipped troni 

ea8tern producers. ccord1nj to the Southern Pacific 

Railroad freight agent in Corva11i, Oregon, the rail 

ratee on titaniuii sheet from the Pacific Northwest to 

:outhern Califo nia niarkets probably would be 65 per 

cent leas than the ratee frein eastern Ohio titanium 

producera. This means that the kaoific Northwest has a 

rail trciht advantage of about 1.3 cents per pound. of 

sheet. however since sheet now sells at l5.00 per pound 

this advantage is not critical. iven 1f selling price 

for sheet should reduce to about .2,5O the freight ad- 

vantage is still a sitalï consideration. 



CHAPThR V 

C ONCLUBI ON 

The low co hydro-electrlc potentials of the 

Facific Northwest would seem advantageous to titanium 

production. However, under the present hydro-electric 

power development program of the .-acific Northwest, indica- 

tions are that electric power is not available for large- 
scale titanium production. 

power for small scale ingot and fabrication produc- 

tion is available. An example is the Oregon Metallurgical 

Corporation, which is being built in Albany, Oregon, for 

sponge melting, casting, and so forth. The iaciric Power 

and Light Company will provide up to 3,000 kilowatts for 

this operation. There le also a possibility of saelting 

ilmenite ore in th Pacific Northwest, using the Bureau 

of Mines recently-developed smelting process, which uses 

hog fuel (wood chips) to produce high concentrate 

titanium slag. The region has an abundance of hog fuel 

due to its forest industry. The ilmenite could be 

supplied from deposits in Idaho and Wyoaing. This smelt-. 

Ing operation would require about 200 million kwh of 

electric power annually for its electric arc furnaces for 

an annual production of 50,000 tons of titanium slag, 

based on 4,000 kwh per ton. The slag could either be 
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shipped to sponge producers or chlorinated into titanium 

tetrachioride berore shipment. 

At present, evidence suggests that the Pacific 
Northwest does not offer suí'ficient inducements in avail- 
able low cost energy, resources, or markets l'or the 

support of a large scale titanium industry. In confirma- 

tion with this conclusion, the questionnaires received fro: 

companies presently engaged in the titanium industry 

indicate total lack of interest in the k'acific Northwest 

as an area for future expansion. 

tkiless the development of the Pacific Northwest 

bydro-electric potential is accelerated to provide large 

blocks of firm electric power for industrial purpose, the 

titanium industry in the region will not develop except on 

a small scale basis. 
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.UE3TIONNAIRi! SUBMIED TO, AND 
RCEI1rI!D FROM, THE FOLLOVOENG COMPANIES 

Dow Cheznical Company 

E. I. du Pont de Nexnours and Company 

Mallory-Jharon 

Titanium Metal$ Corporation of Âuerioa 

Rein-Cru. Titanium, Inc. 

Electro Metallurgical Co. 

Metal Hydrides, Inc. 

Foote Mineral Company 



79 

GEOGRAPHY OF THE UNITED STATES TITANIUM INDUSTRY 
Q.UESTI ONNAIRE 

I. Name of Company: _____________________________ 

Location: ________________________________ 

II. Type of' Titanium Production. 

A. Sponge. Yes No 

1. Type of process used ___________________ 

2. Location of plant (or plants) _________ 

3. That were the chief factors leading to 

selection of this site? (Raw material 

etc.) 

4. Production in tons/year. 1954 ________ 

1955 

Future __________ Max capacity _________ 

5. rincipal raw materials required and 

source of supply. 

6. Transportation used to assemble raw 
material. 
Railway Truck Other _____ 



7. Kw tirs of electric power required per 
pound __________ 

3. Source of electric power (conany) 

B. Titanium ingots. Yes _____ No _____ 

1. roeess used ____ ___________ 

2. Location of plant (or plants) _________ 

3. hat were the chief factors leading to 
selection of this site? (Raw material, 
ete.) _______________________________________ 

4. Production in tons fier year. 1954 ____ 

1955 Future _______ ____________ 

jìax. capacity ____________________________ 

5. Source of sponge (Coopany and location) 

Type transportation from source _______ 

6. Kw hrs of electric power reoutred 
per/pound 

7. Source of electric power (company) 



iII. Do you have plans for production plants in the 

Pacific Northwest? If so what type of 

operation? 

IV. In your opinion what is the future of Titanium 
Metal in the nu&t 10 yere For exanple: ihat 
expanded or new uses do ou envision? What 
quantity ol' expansion do you envision? what 
price reduction do you envision? 


