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during the year. Installation of the AOD
process reached the point where about 90%
of all stainless steel in the United States
was produced by this process. More electric-
arc furnaces were using water-cooled side-
walls and oxyfuel burners for more rapid
melting. Both vacuum-arc remelting (VAR)
and electroslag remelting (ESR) found
greater use in producing high-purity steels.
Several plants added other new equipment
such as coke ovens, rolling mills, and gal-
vanizing lines.

Because of the emphasis on weight re-
duction in the automotive industry, there
was increased use of high-strength low-alloy
(HSLA) steels in automobile manufac-

- turing. There was greater use of coatings
for corrosion resistance, particularly one-
side galvanized steel sheet.” Coatings of
aluminum-zinc and nickel-zinc alloys also
found some use. Low-sulfur steels were used
in offshore oil-drilling rigs as well as in
ships, bridges, and building construction.
Work continued on development of stainless
and alloy steels with lower alloy content.

Bureau of Mines Research.—The Bureau
of Mines conducted research related to iron
and steel at its various metallurgy research
centers, which included development of
corrosion-resistant iron-based alloys with
smaller quantities of critical alloying mate-
rials, surface alloying of steel by ion implan-
tation to produce a corrosion-resistant sur-
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face, and vacuum cladding of stainless steel
and other alloys to a carbon steel base.
Research was conducted on electroslag
incremental casting for improved perform-
ance or for preparation of composite ingots,
on preparation of low-sulfur steel by the
electroslag process, and on improved ductile
and gray cast iron for elevated-temperature
use with minimal amounts of chromium
and nickel. Work continued on development
of ferrous damping alloys for noise sup-
pression, preparation of iron-base alloys
with chromium and nickel by powder-
metallurgy methods, and activated sinte-
ring of unpressed powder-metallurgy pre-
forms. Studies were conducted on substi-
tutes for coke in cupola melting of cast iron,
and on substitutes for fluorspar as a flux in
steelmaking slags.

Contract research sponsored by the Bu-
reau of Mines included a study of mathe-
matical modelling of raw materials and
energy needs of the iron and steel industry
of the United States, and analysis of stain-
less steel supply and demand in the United
States.

1physical scientist, Division of Ferrous Metals.

2Tons in this chapter refer to short tons of 2,000 pounds.

3Steel production and shipments from Annual Statisti-
cal Report 1977 - American Iron and Steel Institute;
inventories from Current Industrial Reports, Inventories
of Steel Mill Shapes, Summary for 1977, U.S. Department
of Commerce, Bureau of the Census.

Table 2.—Pig iron produced and shipped in tﬁe United States in 1977, by State
(Thousand short tons and thousand dollars)

Aavlemge
Shi from furnaces value at
State Production p’fed furnace,
Quantity Value dollars
per ton

3,133 3,227 598,365 $185.42

6,226 6,255 1,155,931 184.80

16,490 16,585 2,994,065 180.53

14,693 14,752 2,695,155 182.70

6,643 ,288 3,104,427 179.57

4,733 4,719 724,315 153.49

9,226 9,246 1,648,477 178.29

6,809 6,808 1,252,821 184.02

3,541 3,512 666,2! 189.71

81,494 82,392 14,839,810 180.11
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Table 3.—Foreign iron ore and
manganiferous iron ore
(excluding agglomerates) consumed in
manufacturing pig iron
in the United States, by source of ore

(Thousand short tons)
Source 19761 19772

Australia_ _____________ 715 175
Brazil _______________ 2,546 1,238
Canada _______________ 993 1,312
Chile ________________ 505 580
Peru_________________ 10 _
Venezuela 3,081 3,634
Other countries 900 926

Total _____________ 8,750 7,865

!Excludes 16,883,000 tons used in making agglomerates.
2Excludes 15,953,000 tons used in making agglomerates.
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Table 4.—Pig iron shipped from blast furnaces in the United States, by grade!
(Thousand short tons and thousand dollars)

1976 1977
Grade Quanit Value Quantit Value
antity Average antity Average
Total per ton Total per ton

Foundry _________________ 8,383 1,560,636 $186,17 9,143 1,730,714 $189.29
Basic ___________________ 75,550 13,464,631 178.22 69,931 12,502,990 178.79
Bessemer __ __ _ ____________ 1,119 210,923 188.49 1,1 225,127 190.30
Low-phosphorus _ ___________ 102 18,902 185.31 170 X 176.97
Malleable ________________ 1,208 222,954 184.56 1,098 196,990 179.41
All other (not ferroalloys) _ ___ _ __ 331 51,888 156.76 867 153,904 177.51

Total ________________ 86,693 15,529,934 179.14 82,392 14,839,810 180.11

Includes pig iron transferred directly to steel furnaces at same site.
Table 5.—Number of blast furnaces (including ferroalloy blast furnaces)
in the United States, by State
Jan. 1, 1977 Jan. 1, 1978
State In Out of In Out of
blast  blast 1o plagt  plast Total

Alabama _________________________ 7 2 9 9 - 9
California _________________""""""~ 3 1 4 3 1 4
Colorado __________________""""""~ 3 1 4 4 _ 4
linois ___________________""""""~ 8 11 19 11 5 16
Indiana ___________________""""""~ 16 11 27 21 4 25
Kentucky _________________ """ """~ 2 - 2 2 — 2
Maryland __________________ " """~ 3 7 10 5 3 8
Michigan ____________________ """~ 8 1 9 8 1 9
NewYork _________________""""""" 5 6 11 7 2 9
Ohio ______________________""T°°° 21 18 39 27 11 38
Pennsylvania ________________"""""~ 22 27 49 28 18 46
Texas ___________________________ 2 . 2 2 - 2
Utah ____________________ """ 3 . 3 3 —_ 3
West Virginia _______________ """ """ 3 1 4 4 - 4

Total ________________________ 106 86 1192 134 45 17
Ferroalloy blast furnaces ____________ """ 1 - 1 - - _ 5_)

Grandfotal ____________________ 107 86 193 134 45 179

Source: American Iron and Steel Institute.
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Table 7.—Steel production in the United States, by type of furnace?

(Thousand short tons)
. Basic
Year Open hearth oxygen Electric Total
converter . .
39,780 83,260 21,759 150,799
35,499 81,552 28,669 145,720
22,161 71,801 22,680 .
23,470 79,918 24,612 128,
20,043 77,408 27,882 125,333
1Excludes 1.7 million tons of finished steel castings prod d by foundries not covered by AISI.

Source: American Iron and Steel Institute.

Table 8.—Metalliferous materials consumed in steel furnaces! in the United States

(Thousand short tons)
I 2 Aggl tes? ron
Year n‘)n ki - .omera - Pig iron aﬁa 3 and steel
Domestic  Foreign Domestic  Foreign ) oy scrap
1978 163 1,320 656 243 94,398 1,907 76,352
1974 153 1, 126 272 302 90,031 1,950 75,329
1915 ___ 92 515 553 189 74,518 1,450 58,071
1976 _ 66 593 584 195 81,926 1,495 63,554
1977 112 372 123 102 71,086 1,519 64,231
Basic oxygen converter, open-hearth, and electric furnace.
’Consumed in integrated steel plants only.

fer sili metal, ferrosilicon, ferrochromium, and
ferromolybdenum. )

Table 9.—Consumption of pig iron in the United States, by type of furnace or other use

. 1975 1976 1977
Type of furnace
or other use Thousand Percent Thousand Percent Thousand Percent
short tons of total short tons of total short tons of total
59,210 74.3 66,138 76.0 63,877 7.9
14,554 18.3 15,410 17.7 12,531 15.3
1,019 1.3 638 a 993 12
1,362 1.7 1,197 14 1,241 1.5
483 6 406 5 354 4
3,010 38 3,255 3.7 3,007 3.7
79,638 100.0 387,045 100.0 82,003 100.0
!Includes vacuum melting furnaces and miscell. mel

ting pr
made directly from blast furnace hot metal Includm ingot molds and stools.
3Data do not add to total shown b of i
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Table 10.—Consumption of pig iron!
in the United States, by State

(Thousand short tons)

State 1977

Pennsylvan;a; _ooohoTT 16,832
Rhodelsland ______________ 3

Total — ___ _ ________________ 82,003

'Includes molten pig iron used for ingot molds and
direct castings.

2?Less than 1/2 unit.

3Includes Colorado, Florida, New Hampshire, Oregon,
and South Carolina.
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Table 12.—U.S. imports for consumption of pig iron, by country
1975 1976 1977

Co Quantit; Value Quantit; Value Quantity Value

untry (sbc»rty (thou- (shm-l;yr (thou- (short (thou-

tons) sands) tons) sands) tons) sands)
Australia 17,545 $3,038 17,909 $2,858 11,945 $1,998
Belgium-Luxembourg 111 26 — . __ —
Brazil ,232 2,717 128,410 10,846 122,678 10,955
ada 224,379 35,393 225,527 33,791 188,860 ,288
Colombia ,981 269 . - __ ——
France __ _ - - 6,169 832
Germany, Federal Republicof _______ 5,592 899 - . - ——
Hungary _________ __ _________ 55,652 9,225 __ __ __ .
Japan ____ _______ ___________ 104,085 12,575 25,898 1,573 6,097 552
Mexico _— . . —_— 3 7
5,512 740 — . — __
32,201 3,411 7,892 1,013 29,732 2,364
5,816 1,023 9,027 1,061 7,213 920
Total ___ __ _ _ __ __________ 478,106 69,316 414,663 51,142 872,767 44,916
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IRON AND STEEL

Table 14.—Pig iron:! World production, by country

525

(Thousand short tons)
Country? 1975 1976 19777
North America:
Canada _ _ _ _ _ _ _ _ o _______ 10,086 10,803 10,649
Mexico® _ _ 3,265 ,889 4,762
United States _ _ ______ ____ _______ 79,721 ,848 81,494
South America:
Argentina _ ___ ___________ ____ 1,144 1,454 1,527
Brazil . _ ____ _ _ o ____ 7,774 9,006 10,788
Chile 459 445 476
323 315 246
332 246 269
589 471 548
3,368 3,658 3,268
9,996 10,875 €9,815
1,663 1,717 €1,786
10,200 10,443 € 410,710
1,495 1,456 1,944
France ______________________________________ 19,284 20,566 19,705
German Democratic Republict _ _ ______________________ 2,707 2,787 €2,888
Germany, Federal Republicof __ _ _____________________ 32,853 34,765 31,633
Greece _ _ o o o o 595 441 441
Hungary 2,446 2,448 €2,
Italy e - 12,512 12,821 12,578
Luxembourg* 4,287 4,140 ,933
Netherlands _ _ _ _ _ e 4,376 4,702 4,323
703 723 605
8 381 8,721 €10,505
361 379 393
7,277 8,174 €g,820
7,542 7,302 €7,300
3,854 3,523 2,745
39 25 €30
112,390 116,166 €117,085
13,218 15,116 €13,120
2,205 2,114 2,136
440 T €446 €500
463 627 82
13 €13 €13
Rhodesia, Southern® 330 330 300
South Africa, Republicof _ _ _ __ _ _ ___ ____ _____________ 51‘707 6,388 6,740
Tunisia — _ 159 119 146
Asia:
Chma, People’s Republicof®® _ _______________________ 85,000 33,000 33,000
India _ _______ 79,138 10,776 11,133
CIran® 1,100 1,100 1,100
Israel® _ _ _ _ . 44 44 44
Japan . _ . 95,765 95,434 94,673
Korea, North® * 3,100 3,300 ,400
Korea, Repubhc of _ 1,308 ,136 2,674
Malaysia® __ ___ ______________ 200 210 210
Taiwan _ _ _________________ T4 116 80
Thailand _ _ _ __ _____________ 14 13 21
Turkey — . _ _____________ 1,498 2,196 1,904
ia:
Australia_ _ __ __ __ _ ____ o __ 8,240 8,176 1,444
New Zealand® 3 ______________TTTTTTTTTTTTTTIIIIC 7200 930 230
Total 528,298 551,193 542,696
©Estimat. PPreliminary. "Revised.

1Table excludes all ferroalloy production except where otherwise noted.

2In addition to the countries listed, Vietnam and Zaire have facilities to produce

ig iron and may have produced

limited quantities durlng 19751977, but output is not reported and available general m&rmatxon is inadequate to permit

for ion of r of output levels.

3Includes sponge iron output as follows in thousand short tons: Mexico: 1975—1,007; 1976—1,229; 1977—®1,400;
Sweden 1975—193; 1976—206; 1977—°155; New Zealand, total figure for all years.

4May include blast furnace ferroalloys
SIncludes ferroalloys.
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Table 15.—Raw steel:! World prbduction by country

(Thousand short tons)
Country® 1975 1976 1977
North and Central America:

Canada _______ _____ I _____ 14}357 14,690 15,026
Cuba®________ ______ T TTTTTTTTTTTTT 330 275 330
ElSalvador ____________________""TTTTTTTTTTTT C12 €12 15
exico _ . _ _ _ o _____ 5,812 5,840 6,113
UnitedStates® _________________________________ 116,642 128,000 125,333
South America: 2,500 2,657 2,950
9,158 10,107 12,183

538 531 604

407 397 360

476 385 418

18 17 19

1,185 1,033 942

4,484 4,935 4,511

12,778 13,392 11,270

2,497 2,712 ©2,860

15,789 16,196 16,600

616 796 756
1,784 1,812 2,420

23,733 ,597 24,350

7,185 7,421 7,551

550 46;5754 42,974

95 - T €500 496

4,049 4,026 €4,020

89 64 53

24,070 25,845 25,721

5,098 5,033 4,772

5,820 5,717 5431

,000 990 808

16,542 17,240 19,670

462 511 591

10,526 11,831 12,787

¥12,276 12,026 €11,967

6,186 5,666 €4,200

463 601 é110

155,784 159,620 162,000

,552 €23,340

3,215 3,032 4,204

244 392 441

45 42 €44

384 504 290

17 17 17

_ 11 11

11 11 11

7 m 7

42 44 4

15 17 17

330 330 330

7,163 1,807 8,060

143 113 172

17 n7 €17

- 33 33

107 91 128

T40 45 45

28,000 28,000 30,000

75 80 80

8,809 10,322 lOé986

110 110 110

607 605 €605

230 220 220

60 90 110

112,780 118,387 112,882

200 220 220

Korea, e __ 3,130 3,300 3,400
Korea, Republicof _______________ """ "7"TTTT"T""" 2,215 2,974 8,017
Lebanon®_____________TTTTTTTTIITTITTT T 17 9 9
Malaysia __________________ " TTTTTTTTTTTTTC 215 220 €220
Philippines® _____________________________ """ 310 330 330
SaudiArabig® _____________________ """ 175 175 175
Singapore® _____________________ """ "TTTTmmm- 206 220 €220
Syria®_____ T TTTTTTIIIIITIIIIIIIIIIIIIT 150 165 165
Taiwan _____________________T_TTTTTTTTTTTTTTC 573 658 710
d o _ITTIIIIITITC 284 309 €330

See footnotes at end of table.
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Table 15.—Raw steel:! World productidn by country —Continued

(Thousand short tons)
Country? i ~ 1975 1976 1977°
Asia —Continued
Turkey - _______ . ____ o ___ 1,607 1,606 1,540
Vietnam ___________ """ "TTTTTTTTTTmT T 4 4 6
Australia__________________._________ : 8,645 8,569 8,061
NewZealand _________________""T""7TTTTmTTmTTC 204 236 4220
Total ool 110,106 747,103 741,648

®Estimate. . PPreliminary. "Revised. . ) .

!Steel formed in first solid state after melting, suitable for further processing or sale; for some countries, includes
material reported as “liquid steel,” presumably measured in the molten state prior to cooling in any specific form.

2In addition to the countries listed, Vietnam produces steel, but output is not reported and available general
information is inadequate to permit formulation of reliable estimates of output levels. :

*Data from American Iron and Steet Institute (AISI). Excludes steel produced by foundries not reforunq output to
AISI but reported to Bureau of the Census as follows (in thousand short tons): 1975—1,987; 1976—1,804; 1977—1,718.






