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Table 7.—Consumption of titanium products’ in steel and other alloys

(Short tons)
1975 1976 1977 1978 1979
Carbonsteel _ _ 804 976 780 601 529
Stainless and heat-resistingsteel ___ _ ____ . ___________ 1,117 2,008 2,049 2,394 2,368
Other alloy steel (includesHSLA) _ - 838 818 859 936 959
Tool steel _ _ — — — e w . W w w w
Totalsteel®_ _ _ ________ ;‘_: ____________________ 2,759 38,802 3,688 3,931 3,856
Castirons __———_________ S, 96 100 92 144 129
Su]peralloys ____________________ 585 455 482 743 1,197
Alloys, other than above. 1,548 768 537 255 234
Miscell and unspecified 182 273 16 9 9
Totalconsumption _ _ _ __ - 5,170 5398  T4815 5,082 5,425
TRevised. W Withheld to avoid disclosing pany proprietary data; included in “Mi 11 and unspecified.”
ncludes ferrotitanium containing 20% to 70% titanium and titanium metal scrap.
2Except for data withheld and for unspecified incl ded under “Miscell and unspecified.”
STOCKS
Stocks of titanium concentrates in the United States are shown in table 8.
Table 8.—Stocks of titanium concentrates in the United States, December 31
‘‘‘‘‘ (Short tons)
Gross weight TiOz content®
Ilmenite:
1977 805,020 494,658
918 e 810,757 510,430
1979 728,620 462,217
Titanium slag:
1977 e 762,581 44,464
1978 105,685 75,097
1979 o e 75,089 56,917
Rutile:
1977 - *146,200 136,935
1978 — o e ©183,793 172,685
1979 _ e 127,453 120,070
NA 114,447
NA 93,370
NA 63,638

TRevised. NA Not available.
1Source: U.S. Bureau of the Census.

®Estimate.

PRICES

Concentrates.—Price quotations for il-
menite in domestic markets, $55 per long
ton at the beginning of 1978, decreased to
$50 in August 1978 and remained at that
level until December 1979 when they in-
creased to $55 per long ton. Australian
ilmenite prices increased from $17-$19 per
long ton in 1978 to $18-$19 per long ton f.o.b.
Australian ports in January 1979, at which
level they closed the year.

Rutile concentrate spot prices, f.o.b. At-
lantic and Great Lakes ports, rose from
$300-$325 per short ton to $325-$350 in
August 1978, to $350-$375 in January 1979,
to $375-8400 in June 1979 and to $425-$450

per short ton at yearend. Australian rutile,
fo.b. Australian ports, began 1978 at $185-
$195 per short ton, increased in November
1978 to $230-$250, further increased in Au-
gust 1979 to $348-$369, and ended the year
with prices of $291-$332 for bulk lots and
$322-$352 per short ton for bagged lots.
Declared valuations of synthetic rutile im-
ports at foreign ports of shipment averaged
$151 for 1978 and $162 for 1979, while c.if.
values averaged $169 for 1978 and $181 for
1979 per short ton.

The price of titanium slag, f.o.b. Sorel,
Quebec, increased in March 1978 from
$102.50 per long ton to $110 per long ton,
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where it remained through the end of 1979.
Metal.—The published price of domestic
titanium sponge climbed in September 1978
from $2.98 per pound to $3.28 per pound, to
$3.98 per pound in March 1979, and remain-
ed at that level through the rest of the year.
Japanese sponge increased from $2.50-$2.65
per pound to $2.80-$2.95 at the start of 1978,
to $3.10-$3.30 in August 1978 and to $3.60
per pound in January 1979, where it re-
mained through yearend. Quotations for
mill products, per pound, during the period
were bar, $7.48 to $10.73; billet, $4.86 to
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$7.13; plate $6.50 to $9.04; and sheet and
strip, $11.90 to $14.10.

Pigment.—Published prices of titanium
dioxide pigment in January 1978 were 48.5
cents per pound for rutile and 43.5 cents per
pound for paper-grade anatase, and were
raised periodically to the following levels,
for rutile and anatase, respectively: Second
quarter 1978, 51.0 cents and 46.0 cents per
pound; second quarter 1979, 54.5 cents and
49.5 cents per pound; and third quarter
1979, 59.0 cents and 53.0 cents per pound.

FOREIGN TRADE

Exports and imports of titanium materi-

als are shown in tables 9 through 12.

Table 9.—U.S. exports of titanium products, by class

1976 1977 1978 1979
Class Quantity Value Quantity Value Quantlty Value Quantity Value
(short (thou- (short (thou- short (thou- (short (thou-
tons) sands) tons) sands) toxi.ﬁ) sands) tons) sands)
Concentrates:
Ilmenite - _ ____________ 3,478 $78 21,876 $415 - NA NA NA NA
Rutile _______________ 1,324 399 803 328 NA NA 9,903  $2,057
Total . _ _ _ ___________ 4,802 477 22,679 743 NA NA 9,903 2,057
Metal:
Sponge _ _ _ ____________ _— - - - 97 $351 180 1,019
Other unwrought_ ________ . __ __ __ 210 1,141 155 1,125
Serap_ _ __ 6,144 8,547 3,394 5,643 5,453 8,717 4,967 18,265
Ingots, billets, slabs, etc _ _ __ _ 1,065 15,039 1,050 . 14,254 1,340 11,290 1,984 26,456
Other wrought __________ NA NA NA NA 689 11,768 1,316 25912
Total L _ __ __ ________ 7,209 23,586 4,444 19,897 7,789 33,327 8,602 72,777
Pigment and oxides:
‘Titaniurn dioxide pigments_ _ _ 20,555 16,155 16,225 12,506 37,812 26,967 49,369 43,940
Titanium compounds except
pigmentgrade _ ___ _____ 25 4 111 122 1,529 2,505 2,087 4,211
Total ___ ____________ 20,580 16,229 16,336 12,628 39,341 29,472 51,456 48,151

NA Not available.
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Table 10.—U.S. imports for consumption of titanium concentrates, by country*

1977 1978 1979
Count; Quantity Value Quantity "Value Quantity Value
untry (short (thou- (short (thou- (short (thou-
tons) sands) tons) sands) tons) sands)
Ilmenite:
Australia _______________ 309,902 $4,590 308,649 $4,463 184,478 $2,846
25,088 1,087 —— _— - -
. - 22 3 __ __
Total - _____________ . 334,990 5,677 308,671 4,466 184,478 2,846
Titanium slag
Canada_ _ _______________ 150,564 13,514 149,172 14,858 81,289 7,814
South Afnca, Republicof _ _ ____ . __ __ __ 29,921 3,286
Total - _ _ ___________ 150,564 13,514 149,172 14,858 111,210 11,100
Rutile, natural:
Argentina® ______________ 7,862 1,789 __ __ __ __
Australia_ _______________ 88,681 18,659 242,505 45,667 140,291 25,357
Netherlands®? _____________ 673 489 - — __ __
Sierraleone_ _ ____________ —_ __ __ __ 7,980 1,484
South Afnca, Republicof _ _____ - - 5,453 841 10,819 2,068
Srilanka ___ ____________ —— __ 6,063 990 6,305 1,432
Other . ________________ 23 3 8 1 18 113
Total - _ __ _____________ 97,239 20,940 254,029 47,499 165,413 30,454
Rutile, synthetic:
Australia_ _ ______________ 17,351 2,103 23,546 3,771 72,218 11,799
France®_ ________________ 3) 1 __ __ __ __
India _ —________________ 5,500 750 11,011 1,393 22,134 3,190
Japan__ _____________.___ 3,691 682 675 142 1,243 278
Taiwan_ _ _ __ ____________ 19 5 356 68 22,471 3,838
Total - __ _ _ __ __________ 26,561 3,541 35,588 45,375 118,066 19,105
Titaniferous iron ore:®
Canada_ ________________ 82,753 2,526 51,640 1,837 153,714 4,880

1Adjusted by the Bureau of Mines.

2Country of transshipment rather than country of production.

3Less than 1/2 unit.

4Data do not add to total shown because of independent rounding.

5Includes materials consumed for purposes other than production of titanium commodities, principally heavy
aggregate and steel furnace flux.

Table 11.—U.S. imports for consumption of titanium pigments

1976 1977 1978 1979

Country Quantity Value Quantity Value Quantity Value Quantity Value
(short (thou- (short (thou- (short (thou- (short (thou-
tons) sands) tons) sands) tons) sands) tons) sands)

Australia _______________ 1,747 $971 2,573  $1,487 2,633  $1,654 6,119  $4,146
Belgium-Luxembourg _ _ _ __ ___ 6,703 4,503 11,501 8,830 8,936 7,082 2,620 1,893
Canada__ _______________ 11,285 8 539 15,636 12,246 17,242 13,847 19,808 16,948
Finland ________________ 4,813 3 247 4,688 3,242 5,110 3,644 5,791 4,533
France ___ ______________ 6,064 4190 5,039 3,543 11,054 7,943 5,564 4,816
Germany, Federal Republicof _ _ _ 20,069 15857 46,490 34,742 39,973 33,935 34,961 32,025
India - _______________ 394 180 463 275 451 250 80 46
Raly ___ __ _____________ - __ 583 338 650 430 688 496
Japan_ __ _______________ 3,641 3,606 3,085 2,805 3,562 2,926 4,736 4,362
Mexico __ _______________ . __ 2,241 1,716 38 23 __ __
Nether]ands I 229 176 843 576 954 680 20 17
Norway ________________ 1,786 1,273 3,614 2,726 1,920 1,467 2,395 1,970
South Afnca, Republicof - _ _ ___ - . __ —— _ —— 599 351
Spain_ __ _______________ 120 65 1,264 802 3,060 2,025 9,630 7,383
Taiwan__ _ ______________ _— —_ 293 240 __ __ __ __
United Kingdom _ _ _________ 11,941 7,707 16,182 10,861 21,467 14,362 11,348 8,781
Yugoslavia ______________ - . 287 255 656 466 461 416
Others __ _______________ 25 28 28 27 2 5 148 127

Total® ___ ___________ 68,816 50,341 114,810 84,712 117,708 90,741 104,968 88,310

!Data may not add to totals shown because of independent rounding.
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Table 12.—U.S. imports for consumption of titanium metal

1976 1977 1978 1979
Class and count; Quantity Value Quantity Value Quantity Value Quantity Value
nkry (short (thou- (short (thou- (short (thou- (short (thou-
tons) sands) tons) sands) tons) sands) tons) sands)

Unwrought: Sponge
China, Mainland _ _ _ ______ _ —— __ __ __ __ 99 $1,533
Japan_ _______________ 1,360  $5,580 1,673  $6,487 756 $3,181 2,068 10,777
USSR ______________ 25 812 469 1,581 604 2,393 330 2,260
United Kingdom ______ ___ 162 605 245 908 116 514 1 10

Total . ______________ 1,778 6,977 2,387 8,976 1,476 6,088 2,488 14,580
ot and billet:

I et . - - - -24 295 2 49
France _______________ - __ _— — —— _— 2 38
Germany, Federal Republic of _ . . __ __ 1 6 * Q)
Japan________________ - . _- __ 6 75 13 154
USSR_______________ - — - —_— 500 2,131 313 2,473
Umwd Kingdom _________ - - . __ 30 173 ) 18 140

________________ . - —_ —— __ —— (@) 5
Total? __ _ ___________ . __ — —— 561 2,681 338 2,859
Waste and scrap:
Austria_ ______________ . _ _ __ 174 448 59 286
Canada_ _ _ ____________ 219 291 190 393 299 587 332 1,319
Germany, Federal Republic of _ 153 317 793 709 393 1,391 321 1,706
_______________ 299 554 209 679 105 359 469 2,706
South Africa, Republicof _ _ _ _ __ __ —_ __ . __ 170 1,762
Sweden__ _____________ __ - —— - 44 112 425 1,322
Switzerland - _ _ _________ - _ 2 6 192 354 59 264
SSR_______________ 486 AT7 1,852 2,202 31,863 33,012 3,313 8,422
Umted Kingdom _ ________ 421 823 1,276 2,195 556 1,522 726 3,552
________________ 282 312 172 391 164 353 266 927
Total® __ ____________ 1,860 2,174 4,494 6,575 3,789 8,139 6,140 22,267
Wrought titanium:
ada_ _ _____________ 135 1,236 64 692 531 3,745 - 470 3,799
Germany, Federal Republic of _ 2 28 *) 7 16 240 29 434
Japan________________ 160 1,408 219 1,704 556 4,663 393 5,081
Umted Kingdom _________ 21 114 60 261 13 169 28 312
________________ 6 153 11 294 10 226 22 518
Total? __ ____________ 323 2,939 354 2,958 1,125 9,044 942 10,144
Less than 1/2 unit.
2Data may not add to totals shown b of independ di
3Includes 55 tons of a metal-slag mixture.
WORLD REVIEW

Australia.—Australia continued to domi-
nate world supplies of titanium concen-
trates, despite increasing production of
high-TiO:. slag and rutile from the Republic
of South Africa, and new production of
rutile from Sierra Leone. Australian ex-
ports of ilmenite in 1978 and 1979 went
mainly to the United Kingdom, the United
States, France, Japan, Brazil, and Yugoslav-
ia; rutile was exported mostly to the United
States, the United Kingdom, Japan, the
Netherlands, and the Federal Republic of
Germany. °*

The world supply of rutile tightened in
1978 and 1979 as production levels at
Richards Bay and Sierra Leone increased
more slowly than anticipated and produc-

tion was cut back at several synthetic rutile
plants, leading to considerably higher prices
for Australian rutile than in 1977.

Some consolidation and merging of sand
mining companies took place in 1978-79.
The only large-scale operators on the east
coast in mid-1979 were Associated Minerals
Consolidated Ltd., Mineral Deposits, Ltd.,
and Rutile and Zircon Mines (Newcastle)
Ltd; and on the west coast, Associated
Minerals Consolidated, Westralian Sands,
Ltd., Cable Sands Pty. Ltd., Allied Eneabba
Pty. Ltd., and Jennings Mining Ltd.** In
April 1979, it was reported that Du Pont
would become a majority shareholder in
Allied Eneabba,” and in September 1979
Consolidated Gold Fields Australia Ltd. and
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Table 13.—Titanium: World production of concentrates (ilmenite, leucoxene, rutile, and
titaniferous slag), by country

(Short tons)
Concentrate type and country 1976 1977 1978° 1979
Ilmenite and leucoxene:*
Australia:
Tlmenite __ ______ o ___ r1,057,339 1,139,081 1,383,392 21,258,646
Leucoxene _ _ _ _ _ 13,595 11,708 17,752 X
Brazl _ _ _ _ _ e 16,110 14,625 22,131 20,000
Finland _ _ _ _ _ _ _ _ _ _ - 135,143 137,458 145,395 145,000°
India _ _______ T €90,000 3151,402  ©3165,000 165,000
Malaysia® ___ _ ___ _______ 198,410 169,388 205,929 206,000
Norway _ 845,101 913,267 845,461 2903,576
Portugal _ _ _ __ 405 252 165 200
rilanka_ _______ ______ - __ _______ 61,524 37,580 36,421 39,000
USSR® 420,000 440,000 450,000 450,000
United States® _ _ _ _ _ __ ___ __ ___ _____________ 652,404 638,503 589,751 2639,292
Total _ _ _ _ e~ 3,490,031 3,653,264 3,861,397 3,848,714
Rutile:
Australia _ _ _ . _____ ______ 429,625 358,561 283,376 2305,773
razil _ _ _ 56 141 402 400
India __________ T €4,000 46,053 € 45,500 10,000
Sierra Leone® - _ - 11,000
South Africa, Republic of® . 5,000 20,000 46,000
Srilanka_ _ _ _ _ __ _ ___ _____ 1,145 1,078 12,673 15,000
USSR® 10,000 10,000 10,000 10,000
UnitedStates _ _ _ _ _ w w w
Total® _ _ _ _ _ _ T444,826 380,833 331,951 398,173
Titaniferous slag:
ada’ _ 897,350 763,160 937,000 2525,840
Japan’” _ _ _ _ _ 3,843 1,354 193 200
South Africa, Republicof®®___ ____~_____________ — __ 100,000 330,000
Total _ _ _ _ _ 901,193 764,514 1,037,193 856,040
®Estimate. PPreliminary. Revised. =W Withheld to avoid disclosing company proprietary data.

Imenite is also produced in Canada and in the Republic of South Africa but this output is not included here because it
is almost entirely used in production of slag. (See below under titaniferous slag.)

2Reported figure.
3Data are for fiscal year beginning April 1 of year stated.
“Exports.

5Includes a mixed product ining ilmenite, 1
SExcept for U.S. data.

Contains 70% to 72% TiO2.

8Contains 85% TiO2.

Associated Minerals Consolidated, Ltd.
(AMC) announced that they had agreed to
purchase Jennings Industries mineral
sands operations at Eneabba and Gerald-
ton.1®

AMC announced that it will expand the
capacity of its synthetic rutile plant at
Capel to 66,000 tons per year. The company
reportedly planned to eventually increase
its total synthetic rutile capacity to 132,000
tons per year.

Murphyores Holdings Ltd. was reportedly
planning a new $20 million operation near
Gladstone in Queensland to produce about
50,000 tons of rutile and zircon, and 140,000
tons of ilmenite per year. Murphyores was
also reported in the Australian press to be
exerting pressure on the Federal Govern-
ment to reverse its controversial decision to
stop sand mining on Fraser Island.*®

NL Industries, Inc., late in 1979 sold its
subsidiary, Titanium Alloy Manufacturing

and rutile.

Co. Pty. Ltd. (Tamco), to Utah Mining Au-
stralia, Ltd. Tamco’s principal assets includ-
ed an 85% interest in Mineral Deposits,
Ltd., a producer of rutile and zircon concen-
trates and a manufacturer of mineral proc-
essing systems.

In early 1978, Dillingham Corp. an-
nounced its withdrawal from mineral sand
mining in Australia, stating that the New
South Wales Government’s action in ban-
ning future mining in areas designated as
National Parks, combined with the Federal
Government’s action on Fraser Island at
the end of 1976, made it impossible for
Dillingham to continue sand mining in
Australia.

Canada.—Production of Sorelslag in 1979
by QIT-Fer et Titane, Inc. was only 56% of
1978 output because of a 4-month strike at
the company’s mine and smelter.

Syncrude Canada Ltd. extracts a total of
about 91 million short tons of tar sands
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annually from which it is estimated that
104,000 tons per year of titanium minerals
will be produced. The titanium minerals
consist mainly of altered ilmenite believed
to be suitable for chloride process TiO.
manufacture, or for production of synthetic
rutile.z

China, Mainland.—Titanium sponge met-
al was exported to the United States for the
first time during the last quarter of 1979.
China is reported to have several small
titanium sponge plants, with total annual
capacity in the range of 1,000 to 2,000 tons,
using titanium slag made from ilmenite as
the main raw material for titanium tetra-
chloride manufacture. China also was said
to be rich in rutile deposits, which occur
mainly in Szechwan Province.?* Current
output of titanium dioxide pigment is
thought to be about 15,000 to 20,000 tons per
year from plants in Peking and Shanghai.

European Economic Community
(EEC).—An EEC directive adopted in Feb-
ruary 1978 made each country responsible
for monitoring its own waste disposal sites
and for developing plans to reduce pollu-
tion. In mid-1979, exceptions were denied to
United Kingdom and Federal Republic of
Germany TiO: producers, who had applied
for exemptions from the directive on the
grounds that the conditions pertaining to
their disposal situations did not constitute a
pollution threat.

There have repeatedly been reports of
plans by West European firms to build a
5,000-ton-per-year titanium sponge plant,
possibly as a joint venture, to produce
material for the EEC market. The compa-
nies mentioned in these reports include
Pechiney Ugine Kuhlmann Corp., Thyssen
AG, Fried. Krupp Huettenwerke AG, and
Metallgesellschaft AG.

United Kingdom.—The National Enter-
prise Board (NEB) announced in late 1979
that it will go ahead with initial plans to
construct a new $55 million titanium
sponge plant in Shotton, North Wales, in
cooperation with state-owned Rolls-Royce
Ltd. and IMI Ltd. The new plant will have a
capacity of 5,500 tons per year, and will
replace the Imperial Chemical Industries
Ltd. Teeside facility, which was scheduled
to be closed in 1982. The NEB indicated it
would seek to transfer its financial partici-
pation to the private sector and said it had
already received inquiries from a number of
interested companies.

India.—A 24,000-ton-per-year chloride
process TiO. pigment plant was being built
by Kerala Minerals and Metal Ltd. (KMML)
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at Kojlthotham near Quilon, Kerala State.
KMML also planned to build a Benilite
process synthetic rutile plant. Initial pro-
duction from a new mineral sands separa-
tion plant to be built near the pigment
plant was to be about 100,000 tons per year
by 1981-82. KMML has been supplying il-
menite to Travancore Titanium Products
Ltd.’s sulfate process TiO: plant at Quilon.
Reserves of the Quilon district were report-
ed to be 39 million tons of ilmenite.

The Orissa Sands Complex Project near
Chatrapur, Orissa, was under development,
and was expected to produce 220,000 tons of
ilmenite in its first phase, possibly by late
1981. A 110,000-ton-per-year synthetic rutile
plant was also planned, followed by a sec-
ond phase of development involving con-
struction of a TiO, pigment plant. Reserves
of ilmenite in the Chatrapur area were said
to be about 250 million tons.??

Japan.—In response to the very strong
demand for titanium, both Japanese sponge
producers expanded production capacity by
yearend 1979, as follows: Osaka Titanium
Co. Ltd., from 6,600 tons per year to 10,600
tons per year; and Toho Titanium Co. Ltd.,
from 6,000 tons per year to 7,300 tons per
year. It was also planned that in 1980 Osaka
would increase capacity further to 12,000
tons per year, and that Toho would raise its
capacity to 9,300 tons per year. In addition,
the idle sodium reduction (Hunter process)
sponge plant of Metal Industry, Ltd., subsid-
iary of Nippon Soda Company, was to be
activated in 1980, with a capacity of 2,400
tons per year, bringing Japan’s total annual
sponge capacity to 23,700 tons by late 1980,
compared with 17,900 tons in 1979, and
12,600 tons in 1978. Japanese production of
titanium sponge in 1977, 1978, and 1979 was
7,049 tons, 10,115 tons, and 14,442 tons,
respectively, and production in 1980 was
expected to be about 20,000 tons.

Sierra Leone.—Sierra Rutile Ltd., owned
85% by Bethlehem Steel Corp. subsidiaries
and 15% by Nord Resources Corp., began
mining rutile in Sierra Leone from the
Mogbwemo deposit about 80 miles southeast
of Freetown. Sierra Rutile produced some-
what less than its anticipated 35,000 tons in
1979, but expected to be operating close to
capacity production of 110,000 tons per year
in 1980. Proven ore reserves are reportedly
sufficient for 20 years of production.s

South Africa,Republic of —Production of
high-titanium slag (85% TiO.) and rutile by
Richards Bay Minerals reportedly reached
about 75% of nominal capacity in 1979, and
is expected to attain full capacity of 440,000
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tons of slag, 62,000 tons of rutile, and
127,000 tons of zircon in 1980.

Sri Lanka.—A rutile-zircon plant was put
into operation in 1978 by Ceylon Mineral
Sands Corp. at Pulmoddai, with annual
capacity of about 14,000 tons of rutile and
8,000 tons of zircon. An expansion program
was announced in September 1979 to in-
crease total ilmenite capacity from about
100,000 tons per year to 135,000 tons per
year.

U.S.S.R.—Production of titanium sponge
metal in the US.S.R. was estimated at
42,000 tons in 1979, 8% higher than in 1977.

MINERALS YEARBOOK, 1978-79

One of the factors' contributing to the tita-
nium shortage, particularly in Western Eu-
rope, was the much lower volume of tita-
nium sponge exports by the U.S.S.R. in
1978-1979. Possible reasons cited -for the
lower exports were increased Soviet use in
industry and accelerated commercial and
military aircraft programs. There were also
reports that the Soviet Union has built and
tested a titanium-hulled nuclear-powered
submarine;?* such vessels, if the hulls were
made entirely of titanium, would probably
each require several thousand tons of tita-
nium mill products.

TECHNOLOGY

Bureau of Mines technical publications
related to titanium include reports on the
design and construction of an apparatus to
provide a direct measure of the electron-to-
atom transfer ratio in molten salts, such as
in the NaCl-TiCl,-TiCl; system;? a study of
hot-rolling metals in vacuum;?¢ recovery of
TiO; from slags prepared by soda-smelting
ilmenite;> corrosion studies in high-
temperature, hypersaline  geothermal
brines;?® recovery of byproduct heavy min-
erals from sand and gravel, placer gold, and
industrial mineral operations;? electric fur-
nace smelting and refining of prereduced
titaniferous materials;* static casting of
small titanium and zirconium shapes;3
electrodeposition of erosion-resistant tita-
nium diboride coatings;*? and a process
patent for upgrading titanium-bearing ma-
terials, including ilmenite, with sulfur
trioxide.’® In a particularly important as-
pect of this patent, Righ-TiO, slag from the
smelting of ilmenite is reacted with sulfur
trioxide gas, whereby the calcium and mag-
nesium oxide impurities are converted to
double sulfates which can then be leached
out of the slag with water. Bureau work was
also being carried out on recovery of rutile
from porphyry copper mill tailings.

A paper on arc furnace smelting of West-
ern Australian beach sand ilmenite describ-
ed the preparation of slag containing typi-
cally 89.6% TiO. equivalent with only
0.09% MgO + CaO, which was claimed, on
the basis of chemical composition, to be
suitable for manufacture of TiO, pigment
by either the sulfate or the chloride proc-
ess.® Also published in 1978 were compre-
hensive articles on the Titania A/S ilmenite
mining operation in Norway, and on

Western Titanium’s Hockin process for
making synthetic rutile.s¢

Work directed toward cutting the cost of
titanium by developing improved processes
for forming titanium was continued. There
are three main types of technologies which
are being exploited for this purpose: (1)
Casting processes that solidify molten metal
to obtain the desired shape;*” (2) processes
that consolidate metal powder to the desir-
ed shape, such as hot isostatic pressing;*
and (3) processes that deform wrought met-
al to the desired shape, such as hot die
forging and superplastic forming/diffusion
bonding.® A critical factor in the successful
use of powder consolidation processes was
the development of a method for making
uncontaminated alloyed titanium powder.s

New titanium alloys were also being de-
veloped. In 1978, RMI Co. announced a new,
commercially pure titanium metal product
containing only 0.05% Fe compared with
0.16% Fe in conventional unalloyed tita-
nium. This new grade of titanium was said
to have improved corrosion resistance in
industrial applications, and was expected to
be used mainly in the chemical, paper and
pulp, power, marine, food, and pharmaceu-
tical industries. A new alloy containing
10% vanadium, 2% iron, and 3% alumi-
num, developed by TIMET, was being con-
sidered by Boeing Commercial Airplane Co.
for use on its new 767 airliners. This trans-
beta alloy has better strength-weight prop-
erties and can be forged at lower tempera-
tures than other alloys currently used.*!

Alloys based on the titanium aluminides
(Ti;Al and TiAl) reportedly have a high
potential as replacements for nickel- and
cobalt-base superalloys in jet engines.®?



TITANIUM

Westinghouse Electric Corp. announced
that it received a contract from the Electric
Power Research Institute to build the
world’s first super-conducting generator
which will utilize conductors made of
titanium-columbium alloy .42

Physical scientist, Nonferrous Metals Section.

?Statistical assistant, Nonferrous Metals Section.

3Weight units used in this chapter are short tons unless
specified otherwise.

4Cates, B. Titanium Dioxide From Belgium, France, the
United Kingdom, and the Federal Republic of Germany.
US. Internat. Trade Commission (USITC) Publication
1009, November 1979, 105 pp.

5Brown, M. J. Initial Decision in the Matter of E. L. du
Pont de Nemours and Co., Docket No. 9108. Federal Trade
Commission, Sept. 4, 1979.

SAmerican Metal Market. Last Defendants Fined,
Sentenced in Titanium Price-Fixing Charges. V. 87, No.
105, May 30, 1979, p. 2.

"Mineral Resources of a Portion of the Duluth Complex
and Adjacent Rocks in St. Louis and Lake Counties,
Northwestern Minnesota. Minn. Dept. of Nat. Res., Div. of
Miner., Miner. Exploration Section, Rept. 93, Hibbing,

Minn., 1977.

®Greensburg, W. Company Loads Train — Waste
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