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CH APTER I

INTRODUCTION 

Need fo r  the Study

The A lum inum  Industry is  the second la rg est m etal industry 

and one o f the fa stest grow ing industries in the United States. *

In term s o f age, it is  the youngest o f the com m on m etals in d ustries. 

In le ss  than a hundred y ea rs , it has grow n fro m  infancy to a giant.

It has grow n fro m  a m etal that ch em ists and experim en tors  studied 

to a m eta ls industry secon d  only to steel. It has grow n fro m  a day 

when N apoleon III used an alum inum  fork  fo r  dining while his guests 

used goldw are, to a day o f throw -aw ay candy w rap p ers , and fro m  

an experim en tal m etal to one with m ore  than 4, 000 applications.

It has grow n fro m  an industry o f one p rod u cer o f p rim a ry  m etal in 

1940, to three in 1955, and to eleven  p rim ary  p rod u cers  in 1970.
/ c

This fantastic grow th is the d ire ct  resu lt of the tech n olog ica l era

*The Alum inum  A ssocia tion , A lum inum  Statistica l R eview ; 1967 
(New Y ork : The A lum inum  A ssocia tion , 1968), p. 11.

^John L . F e ir e r , Gefaeral M etals (2nd ed. ; New Y ork : M cG raw - 
H ill B ook Com pany, Inc. , 1959), p. 322.

1
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o f our soc ie ty . It is d ifficu lt to envision  our way o f life  without 

alum inum .

Industrial arts has the resp on sib ility  in education to revea l

this industry to the oncom ing generation . G ordon O. W ilber has

said that one ob jective  o f industrial arts is  "to  exp lore  industry

and A m erica n  industrial c iv iliza tion  in term s of its  organization ,

raw m a teria ls , p ro c e s s e s  and operation , produ cts and occu pa - 

3t io n s" , R obert G. Hammond in quoting fro m  the A m erican  

V ocational A ssoc ia tion  states that the general educational scope 

o f industrial arts should include " . . .m a te r ia ls , too ls  and 

p r o ce s s e s  o f industry; sc ien ce  and inventions app licable to indus

try ; the so c ia l and econ om ic contributions o f industry; and the 

human relation  patterns fo stered  by the industry. . . D elm ar

W. O lsen has said that the m iss ion  o f industrial arts is  . .t o  

enlighten boys and g ir ls  and m en and wom en as to the ro le  o f 

industry in, and the in fluences o f the technology on their living and
cto enable them  to live to capacity  in an industrial c iv iliza tio n " .

o
JG ordon O. W ilber, Industrial A rts in G eneral Education 

(2nd ed. ; Scranton, P a .:  International Textbook Com pany, 1954), 
p. 42.

^Rex M ille r  and Lee H. Sm alley, Selected  R eadings fo r  
Industrial A rts  (B loom ington , 111. : M cKnight & M cKnight Publishing 
Com pany, 1963), p. 162.

5I b id . , p. 341.
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The alum inum  industry re fle c ts  his statem ent, "the cu ltural function

fo r  industria l arts has as its m a jor  con cern  the developm ent o f

understandings and appreciations o f A m erica n  culture as it is  and

has been influenced by m an’ s m astery  o f m a te r ia ls '1*^ M arsh all

Schm itt and Jam es T ay lor define industrial arts as "a  phase o f the

cu rricu lu m  in gen era l education; the body o f cou rses  organ ized  to

d evelop  an understanding o f the tech n ica l, con su m er, occupational,

recrea tion a l, organ izational, so c ia l, h is to r ica l, and cu ltural aspects

7o f industry and tech n ology".

R* Lee Hornbake points to another phase o f general education 

through industria l arts in his statem ent: "B rought up to date in a

m odern  setting, m any o f the keys to understanding the p rob lem s 

am ong nations, m atters o f national d e fen se , o f com m unity and 

p erson a l health, o f com m unication , o f transportation  beside  in 

knowing som ething about the ways of industry. No one can read 

e ffe ctiv e ly  the daily  new spaper, the w eekly news m agazine, or 

an annual s tock h o ld er 's  rep ort without som e understanding o f p ro 

ductiv ity , o f the orig in s  and applications o f inventions, o f production  

techniques* S im ila rly , the p lea su res  o f everyday life  are withheld

^D elm ar W. O lson , Industrial A rts and T ech nology  (E nglew ood 
C liffs , N. J. : P ren tice -H a ll, I n c .,  1963), p. 181.

7
U* S* D epartm ent o f Health, Education and W elfa re , Planning 

and D esigning Functional F a c ilit ie s  fo r  Industrial A rts Education ,
by M arsh all Schm itt and Jam es L . T ay lor (W ashington, D. C . : 
G overnm ent Printing O ffice , 1968), © E -51015, p. 2.
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fro m  those who do not appreciate the finest o f man*s ce ra m ics ,

s ilv erw a re , furn iture, graphic a rts , as w e ll as the p re c is io n  p ro -

8ducts o f a m odern  industry11. Thus, industrial arts does contribute 

to the num erous facets o f genera l education in many w ays.

The one term  that m ost c lo se ly  d escr ib e s  the current period  

o f human h istory  is nan a cce lera ted  changing w o r ld " . "N ew " is  the 

key w ord  fo r  this changing w orld . In attempting to label this change, 

we are  using such ph rases as: a tech n olog ica l socie ty , super

industrial cu lture, industrial socie ty , industrial orientated , new 

age, and space-age technology. N ever b e fore  has man experien ced  

such an a cce lera ted  change in his way o f life . This change is  re flected  

in a ll segm ents o f our way o f life . E ducational and p ro fess ion a l 

literatu re is  filled  with a rt ic le s  on new approaches in teaching all 

d isc ip lin es . F o r  m any y ea rs , industrial arts has p ro fe sse d  to include 

those phases o f genera l education w hich deal with te ch n o lo g y --its  

evolution, utilization  and sign ifican ce  with in d u stry --its  organization , 

m a ter ia ls , occu pations, p r o c e s s e s  and p rodu cts, and with the p rob lem s 

and benefits resu lting fro m  the tech n ologica l and industrial nature o f

®U.S. D epartm ent o f Health, Education and W elfa re , Im proving 
Industrial A rts Teaching: A C all to the P ro fe ss io n , by M arsh all L, 
Schm itt, (W ashington, D. C. : Governm ent Printing O ffice , I960), 
C on ference R eport, O. E . 33022, C ircu lar  No. 656, p. 7.
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soc ie ty .

If one w ere  to analyze the sub ject m atter and p rogra m s o f

industria l arts education in the United States, the resu lts would

p robab ly  indicate a cu rr icu la r  content o f the b a s ic  traditional w ood s,

m eta ls , draw ing, etc . E m phasis is on the p ro je c t  m ethod with little

tim e devoted  to in -depth  study o f the industry. ^

The cu rren t Texas E ducation A gen cy  B ulletin 615*1 lists  the

cu rricu lu m  fo r  industrial arts and it is p ro je c t  orien ted . F urth er,

the p rob lem s stem m ing fro m  ob so lete  su b ject m atter, growth o f

technology  and an in crea se  in the percentage o f people in industrial

occu pation s, and the grow ing num ber o f industria l p roducts requiring

con su m er evaluation have contributed  to an outdated cu rricu lu m

12w hich is  not m eeting the needs o f students in the state. In assum ing 

its resp on sib ility  in education, the Texas Industrial A rts A ssoc ia tion

q
Donald M aley, "H ow Industrial A rts R elates to O ccupational 

E d u ca tion ,11 Industrial A rts and V ocational E ducation , F ebru ary , 
1970, p. 16.

^ E d w a rd  Kabakjian, "C hange; The Unchangeable Law o f 
P r o g r e s s , " M a n /S o c ie ty /T e ch n o lo g y , A p ril, 1971, p. 206.

l^ T exas E ducation A gen cy , P r in c ip le s  and Standards fo r  
A ccred itin g  E lem entary  and Secondary S chools and D escrip tion  
o f A pproved  C ou rses , G rades 7 -1 2 , (Austin, T e x .:  Texas 
E ducation A gen cy ). B ulletin 615, pp. 140-168.

1 ? John R . B allard  and M. D. W illiam son , "T ex a s  Industrial 
A rts C u rricu lu m  Study, S ix -P h ase  In terd iscip lin ary  S tu d y ," (A 
study p repared  fo r  the Texas Industrial A rts A ssoc ia tion , 1971), 
p. 1.
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has presen ted  a S ix -P h ase  In terd iscip lin ary  Study to update the 

industria l arts cu rricu lu m . An updated cu rricu lu m  in industrial 

arts would include those statem ents o f ob jectiv es  as p rop osed  by 

many cu rren t lead ers  in the industria l arts area . Is/Lost o f these 

p eop le  p rop ose  ob jectiv es  that include those stated by W esley  L.

F a ce  and Eugene R . F lug: (a) the study o f too ls , m a ter ia ls , p r o 

c e s s e s , and occupations of industry; (b) the study o f life  needs 

created  by tech n o log ica l advance; (c) the study o f the applications 

o f m athem atics and sc ien ces  to the solution o f techn ica l p rob lem s 

(p rob lem  solving) and (d) the study o f industry. ^

The m etals industry is  a b a s ic  industry in our socie ty  and 

as such it d eserv es  to be p laced  in the cu rricu lu m  o f industrial 

arts study. F u rth er, the alum inum  industry is  the second  la rg est 

m etals industry in the United States and many alum inum  products 

d ire c t ly  rela te  to our in d u stria l-tech n o log ica l soc ie ty ; th ere fore , 

it should have a p lace  in the m odern  industrial arts cu rricu lu m . 13 14

13 B allard  and W illiam son , C u rricu lu m  Study, p. 1.

14W esley  L. F ace  and Eugene R . F lug, "A  Conceptual A pproach  
to the Study o f A m erica n  Industry, ,f A pproaches and P ro ce d u r e s . 
Fourteenth  Y earbook  o f the A m erica n  C ouncil on Industrial A rts  
T each er E ducation . (B loom ington , 111. : M cKnight & M cKnight 
Publishing Com pany, 1965), p. 118.



7

Statement o f the P rob lem

M ost industria l arts cu rricu lu m , as now ex ist, is based on the 

p ro je c t  co n c e p t --a n  analysis o f job  a ctiv ities and too ls  w hich is  cen 

tered  around the w ood s, m etals o r  drawing industries rather than

around the broad  industria l spectru m  as outlined by our state and

1 5  1 6national p ro fe ss ion a l lea d ers . 9 M ost industria l arts teach ers 

agree  with the p ro fe ss ion a l lea d ers  that a change is  needed but there 

are two m a jor p rob lem s they should fa ce . The f ir s t  p rob lem  is 

determ in ing thé sou rce  o f current, u p -to -d a te  in form ation  fo r  teach 

ing the m odern  cu rricu lu m  in industria l technology as no textbooks 

contain this in form ation . The second  p rob lem  is a llocating the tim e 

fo r  developing a teaching unit w hich is  applicable to todays* industrial 

arts concept. * This study w ill p rov ide  m uch o f the current,

^ F a c e  and F lug, "C onceptual A pproach , n p. 60.

^ D on a ld  M aley, "Industrial A r t s - -A  Study o f Industry and 
T ech n ology  o f C ontem porary  Man, " Industrial A rts  and T e ch n o lo g y -- 
P ast, P resen t, and F uture, AIAA Convention P roceed in g s , 
(W ashington, D. C. : A m erica n  Industrial A rts  A ssoc ia tion , Inc. , 
1967), pp. 5 -6 .

17U. S. D epartm ent o f Health, E ducation and W elfa re ,
Industrial A rts  Education: A  Survey o f P rog ra m , T ea ch ers  and 
C u rricu lu m , by M arsh all Schm itt and A lb ert L. P e lley ,
O. E . 33038, C ircu la r  No. 791 (W ashington, D. C. : G overnm ent 
Printing O ffice , 1965), pp. 28 -29 .

18R obert L . W oodw ard, "H igh Sch ool Industria l A rts  T ea ch ers ' 
P ro b le m s , " Industrial A rts and V ocational E ducation , Septem ber, 
1967, p. 30.
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u p -to -d a te  in form ation  and a p oss ib le  teaching unit on the alum inum  

industry that a teach er can adapt to his lo ca l needs to help up-date 

his m etals c la ss  into a study of the m etals industry.

S ou rces o f Data

The b ib liograp h ica l approach  was the p rim ary  m ethod used in 

developing this study. S ou rces used w ere  o f both p rim ary  and 

secon dary  nature. Pam phlets and publications published by The 

A lum inum  A ssoc ia tion , The Alum inum  Industry, and the United States 

D epartm ent o f C om m erce , B ureau of D om estic C om m erce  w ere  

augm ented by books and p er iod ica ls  o f the co lleg e  lib ra ry .

Telephone ca lls  and letters o f inquiry w ere  used to help c o lle c t  

in form ation  and to c la r ify  som e item s of in form ation . Interview s 

with industrial arts teach ers  w ere  b en e fic ia l in co llectin g  som e 

in form ation .

L im itation  o f the Study

This study is  lim ited  to supplying cu rren t, u p -to -d a te  in form a 

tion about the alum inum  industry in the United States fo r  use in an 

industria l arts teaching unit as part o f the study o f the m eta ls industry. 

An in -depth  tech n ica l study would be lengthy and o f little  use to an 

industria l arts teach er. This study has been lim ited  to the alum inum  

industry in the United States and w orld  produ ction  is  shown only fo r  

com p arison . A lso , the study is  lim ited  to the produ ction  and supply
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o f alum inum  and alum inum  m ill p rodu cts.

Scope o f the Study

This study w ill include the m a jor  points in the h istory  and the 

developm ent o f the alum inum  industry in the United States fro m  the 

experim en ta l stage through 1970. The h is tory  shows how the industry 

has grow n in term s o f com panies producing alum inum , production  

cap acities  and produ cts produ ced . The techn ica l p r o c e s s e s  involved 

in alum inum  produ ction  are d iscu ssed  in m a jor  term s but with 

su fficien t details fo r  an understanding o f the p r o c e s s e s  involved .

The com petitive  aspects o f the industry are lim ited  in nature because 

there was no com petition  within the industry fo r  so long a p eriod  and 

in form ation  is  not availab le.

} D efin itions

C om pany- - in corp orated  o r  not is  a firm , con cern  o r  b u sin ess , 

a financia l entity to m ake m oney. A m anufacturing com pany m ust 

have at least one plant. ^

E stablishm ent- - a single fa ctory , m ill o r  plant. A  p h ysica l 

entity w hich p rodu ces som e tangible goods o r  usefu l s e rv ic e .

*9e . B. A ld e r fe r  and H. E. M ich l, E con om ics  o f A m erica n  
Industry (3rd ed. ; New Y ork : M cG raw -H ill B ook Com pany, Inc. , 1959)* 
p. 12.
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In d u stry --a  hom ogeneous group o f en terp rises  or  com pan ies, ,

An institution in our culture w hich, through the application  o f know

ledge and u tilization  o f m en, m oney, m ach ines, and m a teria ls , 

p rodu ces goods or s e rv ice s  to m eet the needs o f man. ^2

M il l - -a  building or co lle c tio n  of buildings with m achinery  by

w hich the p ro ce s s e s  o f m anufacturing are  ca rr ie d  on; can produce

23m o re  than one item .

P lant- - fa cto ry  or shop fo r  producing a p articu lar product.

24The size  m ay vary .

Industrial A r t s - - those phases o f gen era l education w hich deal 

with in d u s try --its  organization , m a teria ls , occu pation s, p r o c e s s e s  

and p ro d u cts --a n d  with the p rob lem s resu lting fro m  the industrial 

and tech n olog ica l nature o f soc ie ty . Industrial arts as a cu rricu lu m  

area  is defined as those phases o f gen era l education w hich deal with 

te ch n o lo g y --its  evolution , utilization , and sign ifican ce  with in d u stry --

2 i A ld e r fe r  and M ich l, A m erica n  Industry, p. 3.

2 ? F ace  and F lug, "C onceptual A p p ro a ch ,"  p. 117.

^ A ld e r fe r  and M ich l, A m erica n  Industry, p. 8.

24Ibid.

^Gordon o. W ilber and N orm an C . P en d ered , Industrial 
A rts in G eneral E ducation (3rd ed. Scranton , Pa. : International 
Textbook Com pany, 1967) p. 2.
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its organ ization , m a teria ls , occu pation s, p r o c e s s e s  and produ cts,

and with the p rob lem s resu lting fro m  industria l and tech n olog ica l

nature o f society* ^  Industrial a r t s - -a n  a ctiv ity -orien ted  cu rricu lu m

area  in gen era l education. It is  con cern ed  with developing concepts

o f function, organization  and m anagem ent, and so c io e co n o m ic

27in flu en ces o f industry. Industrial a r t s - -a s  (a) the study o f life  

needs created  by tech n olog ica l advance; (b) the study of too ls , m ate

r ia ls , p r o c e s s e s , and occupations o f industry; (c) the study o f the

applications o f m athem atics and the sc ien ces  to the solution o f

? fttech n ica l p rob lem s and (d) the study o f industry.

P la ce  and Structure o f the Industry

The m etals industry is  recogn ized  as a m a jor  industry in our

soc ie ty  and; th ere fore , d eserv es  to be included in the cu rricu lu m

fo r  industria l a rts . The alum inum  industry should be studied

becau se  it is the second  la rg est m etals industry, by tonnage p ro -

29duced, in the United States. To further define the p la ce  and

26°M aley , "Industrial A rts R elates to V ocationa l Education. "
p. 30.

27A . B ru ce Hartung, "W e 'v e  C ro sse d  our R u b icon ,"
The Journal o f Industrial A rts  Education , (M a rch -A p ril, 1970),
p. 11.

2 8F ace  and F lug, "C on ceptual A pproach , " p. 115.

7A ld e r fe r  and M ich l, A m erica n  Industry, p. 107.29
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structure o f the alum inum  industry in our econ om ic o rd e r , A ld er fe r

and M ich l have suggested severa l ways and m ea su res  that m ay be 

30used . (As with any m easu re , ca re  m ust be used to insure c o r r e c t

com p arison . M easurem ents used in one type industry m ay not be

valid  when used in a d ifferen t industry or  situation. )

One m easu re suggested is  "valu e o f produ cts shipped" and m ay

31be used in a lim ited  way. A second  and better test o f im portance 

suggested is  "num ber o f w o rk e rs "  but it has lim itations becau se  it 

shows only one view  o f our com p lex  structu re. ^  Suggested as a 

better way but not p e r fe c t  single m easu re  o f the im portance to the 

econ om y by a m anufacturing industry is  "value added". ^  This one 

m easurem ent m ay achieve m o re  im portance in our econ om y in the 

future in term s o f taxation. Som e coun tries are cu rren tly  taxing 

"va lu e added" in produ ction  o f goods fo r  sou rces  o f revenu e. Table 1, 

page 13, g ives the fig u res  fo r  these three m ea su res  fo r  the years 

1967 through 1 9 7 1 .30 31 32 33 34

30A ld e r fe r  and M ich l, A m erican  Industry, p. 8.

31 Ibid. , p. 4.

32Ibid.

33Ibid.

34U .S . D epartm ent o f C om m erce , B usin ess and D efense 
S e rv ice s  A dm in istration , U. S. Industrial Outlook, 1971, (W ashington, 
D. C. : G overnm ent Printing O ffice , 1972), p. 186.



T A B L E  1

Alum inum  Industry: T rends 1967-1971 
(in m illion s o f d o lla rs  except as noted)

1967 1968 1969 1970 1971a

P e r  Cent 
In crea se  
1970-1971

Value o f
abshipm ents 4, 300 4, 800 5 ,400 5, 200 5, 300 2

Total em p loy 
m ent (000)a 185 192 204 192 180 -6

Value added (SIC 
3334, 3352, 
3 3 6 l)b 2, 267 2 ,463 2, 592 n. a. n. a. n.a.

Value added per 
production  
w ork er m an
hour ($ ).......... 10. 39 10. 91 10. 89 n. a. n. a. n. a.

a. E stim ated  by BDC (B ureau o f D om estic  C om m erce ).
b. R epresen ts shipm ents to consum ing industries and exports : 

includes shipm ents o f alum inum  produ cts m ade by a ll industries 
as w e ll as im p orts .

c. Total fo r  three SIC industries only; not com p arab le  with value 
o f shipm ents estim ated  in the f ir s t  line o f the table.

S ou rce : U. S. D epartm ent o f C om m erce , B usin ess and D efense S erv ices
A dm in istration , U. S. Industrial O utlook- - 1972 (W ashington,
D. C. , G overnm ent Printing O ffice , 1972) p. 186.

13
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A m ore  technica l and detailed breakdow n on total num bers o f

em p loyees , produ ction  w o rk e rs , m anhours, w ages, value added,

co st  o f m a ter ia ls , value o f shipm ent and ratios o f these are avail-

35 36able in the book, P ro file  o f an Industry. ’ S evera l additional 

w ays that A ld er fe r  and M ich l suggest fo r  com paring industries are:

37(1) co s t  o f la b or , (2) co s t  o f m ateria l and (3) s ize  o f establishm ent.

In exam ining these fa c to rs , individually , the co st  o f labor w ill vary 

throughout the d ifferen t types o f alum inum  industry. Two exam ples 

shown p lace the production  o f p rim ary  alum inum  in the "m edium  

la b or" brack et. The a ircra ft  industry is a part o f the transportation  

industry, a part o f the "d ir e c t  and in d irect  dem and" part o f the 

alum inum  industry, and a lso  a part o f the "con su m er p rod u cts" as 

shown in F igu re  6, page 68. It is  a high labor co s t  industry. The 

c la ss ifica tion  o f such a large  industry is d ifficu lt; h ow ever, d ifferent 

aspects o f it are m ore  ea sily  com pared . The cost  o f m ateria ls  is in 

the "low  raw m ateria ls  co s t"  w hile the p rim ary  alum inum  industry 

is in the "m ed iu m  raw m a ter ia ls "  ca tegory . T h eir table fo r  "a verage  35 36 37

35M etals W eek, A lu m in u m --P ro file  o f an Industry (New Y ork : 
M etals W eek. 1971), pp. 165, 167, 169 and 172.

36 U. S. D epartm ent of C om m erce , Industrial O utlook, pp. 15, 
23.

37
A ld e r fe r  and M ich l, A m erica n  Industry, p. 5.
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num ber o f w ork ers  p er establishm ent11 p la ces  both industries in the 

’ ’ la r g e -s c a le  in d u str ies” bracket. See Table 1, page 13 fo r  the total 

num ber o f w ork ers  in the industry.

A ld e r fe r  and M ich l suggest that the produ ct be exam ined fo r  

p la ce  in the econ om ic o rd er  in relationsh ip  to the demand fo r  the 

produ ct. They state that, gen era lly , p roducts o f m anufacturing 

in du stries fa ll into one o f two ca teg orie s ; p rod u cers  goods or  con 

sum ers goods. P rim a ry  alum inum  is  a p rod u cers  goo$s. It is  

sold  b a s ica lly  to other establishm ents to m ake con su m er p rodu cts. 

H ow ever, an alum inum  extrusion  would be c la ss ifie d  as a p rod u cers  

goods or  a capital goods to be sold  to m ake a building o r  an a ircra ft , 

w hich are con su m ers goods.

F urth er, the con su m ers goods m ay be c la ss ifie d  a ccord in g

to their durability  as defined by the National B ureau o f E con om ic

R esea rch . ’ ’D u rable” goods are  those that w ill last three years  o r

m o re , ” se m i-d u ra b le ” goods are those that la st fo r  six  m onths to

three years  and item s lasting le ss  than six  m onths are  c la ss ifie d  

40as ’ ’p e r ish a b le ” . M ost alum inum  goods would be c la ss ifie d  as

■^Alderfer and M ich l, A m erica n  Industry, p. 5.

39lbid.
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"durable"; however, because of their nature and use, they could be

classified as "semi-durable" or as "perishable". Foils and some
41containers could be in these two classifications. Demand for a

product can be further classified from the affect that a change in the

price has on the sale of the product. A product in which the change

in price has very little affect on its demand is classified as "inelastic1

while one in which the demand will change as related to a change in
42

price is "elastic". Generally, most aluminum products would be 

within the "elastic" classification. The demand for a product of 

goods may also be classified as direct or derived. A goods or item 

used directly as it is made is a direct demand item. Aluminum 

cable, used for power transmission or aluminum siding would be 

examples of direct demand. An extrusion that is bought to make a 

screen door is an example of indirect demand. * 42 43

4 *Alderfer and Michl, American Industry, p. 7.

42lbid.

43Ibid.



C H A P T E R  II

THE HISTORY OF THE ALUMINUM INDUSTRY

Donald Maley has said that part of industrial arts curriculum 

should include the history of the industry. * This chapter concerning 

the history of the aluminum industry will include the early experi

mental period, the discovery of a practical refining process, the 

development of the modern aluminum industry by ALCOA, and the 

period of accelerated expansion in the industry.

Alderfer and Michl develop the theory that there are definite 

growth period patterns in industries. Figure 1, page 18, illustrates 

these periods graphically. According to their curve, the years 

prior to 1888 were the period of experimentation for the aluminum 

industry and the period of rapid progress would include the years 

from 1888 to possibly 1970. Figure 2, page 34, shows there have

 ̂Maley, "Industrial Arts Relates to Vocational Education. "
p. 30.

2Alderfer and Michl, American Industry, p. 13.

3Ibid. , p. 14.

17
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been som e downturns in alum inum  produ ction  but it has always r e c o v 

ered  and pushed upward. Only the future w ill te ll i f  the industry has 

reached  the third p eriod  on the cu rve , the p eriod  o f d im inished rate
v

o f grow th ,or if  it is  still in the p eriod  o f rapid p ro g re s s .

The h is tory  o f alum inum  can be divided into three d istinct 

p er iod s . The f ir s t  m ay be nam ed the experim en tal p eriod  fo r  it was 

the tim e that man search ed  fo r  a way to iso la te  and p rodu ce the bright 

and shining m etal that was m ore  expensive than gold , selling fo r  

$545. 00 in 1852.^ The secon d  p eriod  is  the developm ent o f the 

alum inum  industry. This p eriod  is  b a s ica lly  the h is tory  o f the 

Alum inum  Com pany o f A m e r ica . The third p eriod  is  the one o f 

a cce lera ted  expansion due to advanced technology and w ide use o f 

alum inum  in many app lications.

The E arly  E xperim ental P eriod

C raftsm en  started form in g  m etals v e ry  early  in h istory . P ro b 

ably early  man ob served  that m etals ran out o f the rock s fro m  around 

his f ir e s  and he found he could fo rm  these m eta ls by ham m ering them  

when they w ere  hot. The art o f hardening steel was w ell developed  

in G reece  ov er  3, 000 years  ago. In fact, H om er w rote  about it som e

^Alum inum  Com pany o f A m e r ica , F acts  About A lcoa  (P ittsburgh : 
A lum inum  Com pany o f A m e r ica , 1968). p. 11.
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tim e betw een 1100 and 600 B. C. ® C opper and bron ze  p ie ces  w ere  

found in the tom bs o f Egypt. S ilver and gold  have been w orked  by 

man since his ea r lie s t  r e c o r d s . A ll o f these m eta ls have one thing 

in com m on , they all o ccu r  in the m eta llic  state in nature.

A strik ing con trast with these ancient m etals is  alum inum .

It is  the m ost abundant m etal and, in fact, the third m ost abundant 

elem ent on the earth* s su rfa ce , exceed ed  in amount only by oxygen 

and s ilicon . It has been estim ated that the outer ten m iles  o f the 

earth ’ s cru st contains about 8 p er cent alum inum  by w eight o r  about 

15 per cent alum inum  oxide (alum ina). Com pounds o f alum inum  

are found in a grea ter or  le s s e r  extent in ro ck s , vegetation and 

anim als.

A lum inum  is  unlike m ost other m eta ls in that it is  never found 

in nature in the m eta llic  fo rm . In fact, one m ight say it is  a m an

m ade m etal. A lum inum  is  always tightly lock ed  up with other 

elem ents in com pounds that hold tenaciously  onto it. The su rprisin g  

contrast betw een the ancient m etals and alum inum  is that alum inum  

w as not introduced to the public until the P a r is  E xposition  in 1855 

and did not com e into gen era l co m m e rc ia l use until 1891- -o n ly  81 

yea rs  ago.

Sir Humphry Davy f ir s t  attem pted to produ ce pure alum inum

^A lfred C ow les, The True Story o f Alum inum  (C hicago:
H enry R egnery  Com pany, 1958), p. 2.
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by electricity in London in 1807. His attempt to produce pure alumi

num failed although he did produce an alloy of aluminum with iron in 

1809. Alexander Volta had produced the first battery in 1800 which 

made it possible to produce the current of an effective magnitude 

required for these experiments, but Sir Humphry Davy's production 

of the alloy was not feasible commercially because of the number of 

batteries consumed.

Aluminum was first isolated in 1825 by Hans Christian Oersted, 

a professor at the University of Copenhagen in Denmark, using a 

chemical process. A small amount was produced by causing diluted 

potassium amalgram to react with an excess of anhydrous aluminum 

chloride, which produced aluminum combined with mercury. The 

mercury was then distilled away, leaving a small residue of slightly 

impure aluminum. Accounts of his experiments were published in a 

Swedish journal.

In 1827, Friedrich Wohler described the production of alumi

num as a powder by the direct reaction of potassium upon anhydrous 

aluminum chloride. In 1845 he was able to produce slightly larger 

amounts of the metal (some particles being as large as a big pin 

head) and he was able to determine some of aluminum's properties.
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H. S a in te -C la ire  D ev ille  im proved  on W o h le r s  m ethod in 1854 

by using cheaper sodium  fo r  the potassium . This developed  into a 

su cce ss fu l but expensive co m m e rc ia l p ro ce s s  that was used in F ran ce  

and o th e i coun tries fo r  a few years  until the com ing o f a cheaper 

e le c tro ly t ic  p r o c e s s . Many people w orked  trying to produ ce alum i

num by e le c tro ly s is  o f aqueous solutions but hydrogen and alum inum  

hydroxide are form ed  at the cathode and prevents alum inum  fro m  

form in g . The m odern  p r o c e s s  o f producing alum inum  by an e le c t r o 

ly tic  m ethod was d is co v e re d  a lm ost sim ultaneously by C harles M artin 

Hall in the United States and by Paul L. T. H erould in F ran ce  in 

1886.  ̂ A lthough liv ing on d ifferen t continents, their liv es  strangely  

p ara lle led  each other. Both developed  essen tia lly  the sam e p ro ce s s  

fo r  producing alum inum  even though they had no knowledge o f the 

other or  o f h is w ork . They w ere  both 22 yea rs  old when they m ade 

their d is co v e ry  at a lm ost the sam e date, and both died in 1914.

Hall becam e in terested  in this shining "new  m eta ln w hile a 

student in O berlin  C ollege  in Ohio. His ch em istry  p r o fe s s o r ,

Frank Jewett, encouraged  h im  in his w ork  and lent Hall equipm ent 

fr o m  tim e to tim e to continue his experim en ts a fter he fin ished  

co lle g e . In F eb ru a ry  o f 1886 and using an old w oodshed at his

m ore  detailed  h is tory  o f H eroult is  found in The A lum inum  
Industry, M cG raw -H ill Publishing Com pany, 1930.
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parent's home for a converted laboratory and his sister for help,

Hall succeeded in isolating pure aluminum by his electrolytic 

7process.

Hall knew immediately that he had found the process for which 

he had been searching but there were many problems ahead for him 

to solve. The first major problem was finances. Being the son of 

a preacher, he needed outside financial help to develop his process. 

The second major problem was the litigation that was to arise from 

the nearness in time of his discovery with that of Heroult. Hall did 

have the vision to establish proof of his discovery by writing letters 

to other members of his family and to show the new metal to professor
g

Jewett at Oberlin College. In the patent suits that were to follow,

Hall succeeded in proving priority over Heroult by the narrow margin
9

of two months. Other major problems with which he was to cope 

were the refinement of the technical process and the development of 

a market for the new metal.

After a short period of working with a brother as a financial 

sponsor, Hall teamed with Alfred and Eugene Cowles (Kolz). The

7
Junius Edwards, The Immortal Woodshed (New York: Dodd, 

Mead and Company, 1955), p. 48.

^Ibid.

^Charles C. Carr, Alcoa: An American Enterprise (New York: 
Rinehart & C o., Inc., 1952), p. 13.
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two b roth ers  had invented the C ow les E le c tr ic  F urnace in 1884 (this 

is  b a s ica lly  the sam e design  used today fo r  reduction  o f m eta l fro m  

o re ), in hopes o f having the backing and fa c ilit ie s  to develop  his 

p r o c e s s . H all w orked  with the C ow les E le c tr ic  Sm elting and A lu m i

num Com pany at N iagara F a lls , N. Y . fo r  about two y ea rs . This 

Com pany had been producing som e alum inum  a lloys but they w ere  

unable to produ ce pure alum inum . Hall becam e disenchanted with 

the C ow les b roth ers  when it appeared that they w ere  m ore  in terested  

in other production  and kept him  only to suppress his w ork  on p r o 

ducing pure alum inum  com m e rc ia lly . He term inated his w ork  with 

the C ow les and went back  to O berlin , Ohio to w ork  and look fo r  

financing. 10

The A LCO A  P eriod

The h istory  o f  the alum inum  industry is  b a s ica lly  the h istory  

o f  the A lum inum  Com pany o f A m er ica . The A lum inum  Com pany o f 

A m e r ic a --A L C O A --w a s  founded on a d ream  o f C harles M artin Hall 

le s s  than 81 years  ago. F ro m  this d ream  has grow n an industry 

that has m ade a m a jor  change in m an 's  way o f life  with its m ore  

than 4, 000 valuable app lications. ^  The e le c tro ly t ic  p ro ce s s

l^ C a rr , A lcoa : A m erica n  E n terp r ise , p. 14.

^ L e o n a r d  M. Fanning, C harles M artin  H all, Father o f the 
A lum inum  Industry (New Y ork : The M e rce r  Publishing Com pany, 
1956).



25

discovered in 1886 by Hall was the key that opened the door to volume 

production and the use of aluminum.

Finding businessmen with money to finance this new but untried 

aluminum was finally rewarded in 1888 when Hall, Captain Alfred E. 

Hunt and a group of farsighted Pittsburgh businessmen founded the 

Pittsburgh Reduction Company. Later, Andrew W. and Richard M. 

Mellon personally invested in the firm which gave the young company 

the needed boost to make needed improvements and increase produc

tion. All was not easy for the young company. New markets were 

needed for this new metal that was competing with well established 

iron and copper. Aluminum made its bow to the public in 1890 in the 

form of pots and pans. In 1907, the Pittsburgh Reduction Company 

was renamed Aluminum Company of America. The infant company, 

faced with financial problems and frustrations in developing markets 

for the metal, pushed forward under their first President, Arthur 

Vining Davis. Davis' aggressive salesmanship and Hall's inventive 

genius combined to make and market the metal.

The original fledging company began operation in a two-room 

building on Smallman Street in Pittsburgh, Pennsylvannia and the 

world's first commercial aluminum ingot was poured by Hall and 

Davis on Thanksgiving Day of 1888. This small plant used its own 

steam generated electricity for the production process and the plant 

soon proved too small for demands. In 1891»a new plant was built
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on the A llegheny R iver  at New K ensington, P e n n sy lv a n ia . In 1896,

the com pany bought m ech an ica l pow er fro m  the turbine shafts of

the N iagara F a lls  P ow er Com pany and converted  it into e le c tr ic ity

fo r  a new plant at N iagara F a lls . Thus, the alum inum  industry

becam e the f ir s t  cu stom er fo r  pow er at the F a lls  w hich was the

12nations f ir s t  m a jor  h y d ro e le c tr ic  plant.

A lcoa  established  its own fabricating  m ills  w here the com pany 

could dem onstrate new industrial and con su m er uses fo r  the m etal. 

During this p er iod , p r o c e s s e s  fo r  a lloy ing , ro llin g , forg in g , draw 

ing, extruding and casting w ere  developed  in o rd er  to widen the 

m arket fo r  alum inum . A lso , during this ea rly  phase in developing 

the industry, it was a ll A lcoa . No one e lse  entered  the busin ess 

o f  m aking p r im a ry  alum inum  although there w ere  num erous inde

pendent fa b r ica to rs . A lco a  owned a ll the p r im a ry  alum inum  p r o d u c 

tion fa c ilit ie s , the best o r e - -  b a u x ite --d e p o s its , and it had the best 

alum inum  tech n ician s. Even with these advantages the com pany 

continued to try  and expand the m arket by a con sisten t p r ice  red u c

tion p o licy .

F ro m  the founding o f the industry until 1940 was truly the 

A lcoa  P er iod  fo r  the alum inum  industry. They w ere  synonym ous 

and in 1937 the United States G overnm ent started an ti-tru st suits

A lcoa , F acts About A lcoa» p. 13.12



T A B L E  2

AVERAGE ANNUAL PRICE FOR U. S. PRIM ARY 
ALUMINUM UNALLOYED INGOT

Y ear
Cents per 

Pound Y ear
Cents per 

Pound Y ear
Dollars p er 

Pound*

1970.......... 28 .7 I 9 6 0 .. . ____ 27. 2 1890. ____ 2 .2 5

1969.......... 27. 7 1 9 5 9 ... ____ 24 .6 1888. ____ 5 .25

1968.......... 25 .6 1 9 5 8 ... ____  24. 8 1886. ____  7. 85

1967.......... 25. 0 1957 .. . ____  2 5 .4 1885.

1 9 6 6 , . , , , 24. 5 1 9 5 0 ... 1857. ____  27 .20

1965.......... 24. 5 1 9 4 0 ... ____ 18 .7 1855. ____  113.30

1964.......... 23. 7 1 9 3 0 ... ____  2 3 .8 1854. ____ 272.00

1963.......... 22 .6 1920. . . ____  30 .6 1852. ____  545.00

1962.......... 2 3 .9 1910.. . ____  23 .0

1961.......... 25. 5 1 9 0 0 ...

1895. . . ____  58. 7

* P r ic e  on a w orldw ide b a sis  p r io r  to e ffective  establishm ent o f 
U. S. alum inum  industry.

S ou rce : A lcoa , F acts  About A lcoa ; 1971, p. 11.
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against A lcoa . T hese w ere  long, lengthy suits and although A lcoa

was a m on opoly , it had not used its p osition  to elim inate com petition .

No one had ever attem pted any com petition . Although the cou rts did

rule that A lcoa  had a m onopoly  in p rim ary  m etal production  becau se

it p rodu ced  100 per cent o f the nation1 s m eta l, no punitive judgm ent

was granted. B e fore  a ll cou rt d e cre e s  w ere  issued, the issu e  becam e

m oot in that other com panies did enter into alum inum  production ;

how ever, A lco a  rem ained under court observa tion  until 1956 and

13A lcoa  is no lon ger a m onopoly .

Nothing should take away fro m  the im portan ce o f A lcoa  to the 

alum inum  industry. Alcoa* s im portance m ay be sum m arized  in its  

four m a jor  contributions to the industry: (1) developm ent o f the

technology o f the alum inum  p r o c e s s e s ; (2) developm ent o f the 

sou rces  o f raw m a teria ls ; (3) developm ent o f pow er sou rces  fo r  the 

industry; and (4) developm ent o f the m arket fo r  alum inum  produ cts.

P er iod  o f A cce le ra te d  E xpansion 

Growth in P r im a ry  P rod u cers

The industry m ade a steady and p ro fitab le  growth through 

A lcoa  by expanding its m ark ets. This growth was interrupted by 

c y c lic a l  downturns. T here w as no m a jo r  grow th until W orld  W ar II

C a rr , A lcoa : A m erica n  E n terp r ise . Chapters 15-17.13



29

and its demand fo r  a ir c ra ft  that started a sp ira ling  demand fo r  a lum i

num. This p eriod  rea lly  established  alum inum  in our way o f life . 

A lum inum  had com peted  with iron , stee l and cop per and had created  

a p la ce  fo r  itse lf . F ro m  the start o f p roduction , it took only 52 

y e a rs , until 1940, fo r  annual p rim ary  alum inum  production  to reach  

412 m illion  pounds. The next 15 years produ ction  in crea sed  to 

3, 200 m illion  pounds. By 1970, p rodu ction  had reached  7, 952 m illion  

pounds. ^  P er  capita consum ption  o f alum inum  in the United States 

w as 3 pounds in 1938 com pared  with m ore  than 27 pounds today. 

A pp rox im ately  one m illion  people earn their living d ire ct ly  o r  in 

d ire c t ly  through the output o f alum inum  p rodu cts . With W orld  

W ar II's  demand fo r  m ore  alum inum  p rodu cts , A lcoa  could not 

supply a ll o f the in du stries dem ands fo r  p rim ary  m etal. A lcoa  

built and operated , fo r  the governm ent, alum inum  production  

plants to help f i l l  the w a r 's  dem and. A fter the w ar, with the 

governm ent sellin g  o ff  its spon sored  fa c ilit ie s  and with the co u r t 's  

m andate fo r  com petition  in the industry, A lcoa  continued to expand 

its op eration  but the A lco a  p eriod  was ended. ^  Other com panies 14

14 The A lum inum  A ssocia tion , S tatistica l R eview ; 1967.
p. 12.

l^ Isaac F . M a rcosson , Anaconda (New Y ork : Dodd, M ead & 
Com pany, 1957), p. 322.

l^ A lcoa , F acts  About A lcoa . p.18



30

entered into produ ction  o f p rim ary  alum inum  and to com pete fo r  

the ev er  expanding m arket o f alum inum .

In 1941, the R eynolds M etal Com pany, an alum inum  fa b rica to r , 

could not get enough pig alum inum  to f i l l  their dem ands. With no 

p la ce  to turn fo r  m ore  alum inum , R eynolds M etal built their own 

reduction  and o re  refin ing plants. L ater they b orrow ed  m ore  m oney 

and built another reduction  plant. Thus; the second  alum inum  

p rod u cer  was on the scen e.

K a iser  A lum inum  and C h em ica l began alum inum  production

after W orld  W ar II. S ince the governm ent had furn ished the m oney

fo r  A lcoa  to build plants during the w ar, it  sold  these fa c ilit ie s  at

a reduced  cost  in o rd er  to fo s te r  com petition . The governm ent sold

som e o f them  to K a iser  A lum inum  in 1946 and the third alum inum

p rod u cer  in this country w as started. The three m a jor  p rod u cers

o f p r im a ry  alum inum  w ere  after their share o f the m arket. At the

end o f 1948 there w ere  three p rod u cers  o f p rim ary  alum inum  in

the United States with a com bined  annual capacity  o f 641, 500 tons.

C apacity  in cre a se s  w ere  frequent and by 1959 three new p rod u cers

17had entered  the fie ld  to b oost produ ction  to 2, 402, 750 tons.

The w ell-estab lish ed  m etals com pany, A naconda, cam e into the

l^ T h e  A lu m in u m  A s s o c ia t io n , S ta t is t ica l R e v ie w ; 1967.
p. 13.
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18p rim a ry  alum inum  production  in 1955 as the fourth p rod u cer . At
/

this tim e, the governm ent had sold  a ll o f its alum inum  plants and

was no lon ger in the alum inum  b u sin ess . The O rm et C orporation

(jointly  owned by Olin M athieson and R evere  C opper and B ra ss ,

In corporated ) entered  produ ction  in 1958 with an annual production

o f 144, 000 tons. This rep resen ted  m ore  than tw ice that o f 

19Anaconda. H arvey A lum inum  In corp orated  a lso  entered  p rim ary  

alum inum  in 1958 but not in s ize  as did O rm et. H arvey*s f ir s t  

year o f production  w as only 54, 000 tons.^®

During the next five  y ea rs , through 1964, only one new p rod u cer 

appeared, but total annual capacity  in crea sed  only 8. 2 p er cent.

This new com pany was The C onsolidated  A lum inum  C orporation  

and it started out with an annual production  o f only 20, 000 tons of 

p r im a ry  alum inum  in 1963.^* The Intalco A lum inum  C orporation  

(owned jo in tly  by A m ax A lum inum  Com pany, Howm et C orporation , 

and P ech iney E n terp r ises , Inc. ) began produ ction  in 1966 with 

152,000 tons o f p rim ary  aluminum.22 By the end o f 1970, three

18M a rcos  son, A naconda, p. 325.

197The A lum inum  A ssocia tion , S tatistica l R eview ; 1967. p. 13.

20 ,Ibid.

21 Ibid.

22 Ibid.
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m ore  p rod u cers  had entered  the m arket bringing the total num ber 

o f p r im a ry  alum inum  p rod u cers  to eleven . The N ational-Southw ire 

A lum inum  Com pany started produ ction  in 1969 and produ ced  7, 300 

tons o f p rim ary  alum inum  but then produ ction  jum ped to 180, 000 tons 

in 1970. E asta lco  A lum inum  Com pany began production  in 1970 by 

produ cing 85, 000 tons o f p rim ary  alum inum . R evere  C opper and
i

B ra ss  started a separate production  fro m  its jo in t ow nership in 

O rm et C orporation  and produ ced  56, 000 tons o f p rim ary  alum inum  

in 1970.23

The eleven  p r im a ry  p rod u cers  are:

1. A lco a  (Alum inum  Com pany o f A m erica )

2. R eynolds M etals Com pany

3. K a iser  A lum inum  & C h em ica l C orporation

4. Intalco A lum inum  C orporation

5. O rm et C orporation

6. Anaconda A lum inum  Com pany

7. C onsolidated  A lum inum  C orporation

8. H arvey A lum inum  (Incorporated)

9. N ational-Southw ire A lum inum  Com pany

10. E asta lco  A lum inum  Com pany

11. R evere  C opper and B ra ss  Incorporated .

23
The A lu m in u m  A s s o c ia t io n , S ta t is t ica l R e v ie w ; 1967, p . 17.
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Growth in P rim a ry  and Total Supply o f M etal 

Its grow th with the eleven  p rim a ry  alum inum  p rod u cers  does 

not com p lete  the p ictu re  o f the rapid expansion in the industry. At 

least three other areas need to be exam ined to get a m ore  com plete  

p ictu re  o f the grow th in total produ ction  o f p r im a ry  alum inum: the 

total supply; growth in production  o f m illed  p rod u cts ; and the 

expansion in the num ber o f plants.

F igu re  2, page 34, is  a s e m i-lo g  graph that illu stra tes  the 

rapid growth in the production  o f p rim ary  alum inum  coverin g  p r o 

duction that started with the P ittsburgh  R eduction  Com pany in 1893. 

This chart illu stra tes  a re co rd  alum inum  produ ction  o f 7, 952 m illion  

pounds in 1970 and the average annual growth rate o f 14 p er cent 

since 1893 and 9 .9  p er cent since 1946. To som e, the 7 .0  per cent 

growth rate in the past decade is  o f m ore  in terest becau se  it illu stra tes  

a continued expansion in recen t tim es. The industry contributes this 

developm ent to a grow ing econ om y, tech n olog ica l p ro g re ss  and 

in crea s in g ly  w ide acceptan ce o f alum inum  fo r  m any applications 

becau se  o f its m any d esira b le  c h a r a c t e r is t i c s .^

F urther expansion and grow th in the industry is  re fle cted  in 

its p rodu ction  o f p r im a ry  alum inum  but the total United States supply

24 The A lu m in u m  A s s o c ia t io n , S ta t is t ica l R e v ie w ; 1970. p . 14.



FIG U RE 2

PRODUCTION OF PRIM ARY ALUMINUM 
1893-1970
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S ou rce: The A lum inum  A ssocia tion , S tatistica l R eview : 1970. p. 14.
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o f alum inum  con s ists  o f m etal fro m  other so u rce s . F igu re  3, page 

36, shows the total supply and it con s ists  o f d om estic  p rim ary  p ro 

duction, p r im a ry  im port, m etal re co v e re d  fro m  d om estic  scrap  and 

im ported  scrap , and im ported  m ill p rodu cts. This chart m akes no 

adjustm ents fo r  inputs o r  w ithdraw als fro m  governm ent stock  p ile s . 

A s has been shown in 52 years, the industries produ ction  reached  

400 m illion  pounds p er year. W orld  W ar II d istorted  the ov era ll 

supply conditions fo r  alum inum  and figu res  fo r  these years  are not 

usually con s id ered . A lc o a 1 s has been shown, the num ber o f p rim ary  

alum inum  p rod u cers  in crea sed  fro m  two to eleven  during the 1946- 

1970 p eriod . The total supply expanded at an average rate o f 8. 6 

p er cent annually. Since W orld  W ar II, annual d om estic  production  

rose  9. 9 per cent p er year, p rim ary  and m ill p rodu ct im ports rose  

10. 3 p er cent and secon dary  re co v e ry  rose  5. 2 p er  cent annually.

The grow th rate o f the total supply averaged  7. 0 p er cent annually 

fro m  I960 to 1970. D om estic  produ ction  showed a gain o f 7. 0 p er 

cent annually, im ports 8. 6 p er  cent and secon dary  re co v e ry  8. 3 

p er  cent. Total supply in crea sed  to a re co rd  10, 816 m illion  pounds 

in 1970 fro m  the 10, 767 m illion  pounds in 1969, an in crea se  o f 0. 5 

p er cent. The industry contributes the in cre a se  o f p rim ary  p r o 

duction to: in crea sed  capacity ; operating e ffic ie n c ie s  and the absence 

o f labor stoppages. P r im a ry  ingot im p orts  w ere  down 25. 3 p er cent

35



FIG U R E 3

TO T A L  ALUMINUM SUPPLY 
1946-1970

M illion

S ou rce : The A lum inum  A ssocia tion , S tatistica l R eview : 1970.
p. 11.
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to 700 m illion  pounds, re flectin g  a slowdown in U. S. econom y*

Growth in the Num ber o f Plants

The p eriod  o f rapid expansion has been m arked by in crea sed  

produ ction  and to support this production  there has been an expansion 

in plants producing alum inum  and alum inum  p rodu cts. The in crea se  

in the num ber o f plants w ill not fo llow  the production  percentage 

in crea se  becau se  a plant m ay in crea se  produ ction  within itse lf  or  

through m odern ization  o f i t s 1 fa c ilit ie s . H ow ever, the figu res 

speak fo r  th em selves and are im p re ss iv e .

Table 3, page 38, shows the num ber o f plants fo r  each product 

and not the com pan ies, w hich in many ca ses  operate m ore  than one 

plant. T ota ls are not shown becau se  som e plants produ ce m ore  than 

one product, a lso , Table 3 shows that since W orld  W ar II there has 

been a substantial in crea se  in the num ber of p rodu ct producing 

plants. The g rea ter percentage in cre a se s  have o ccu rre d  in ACSR 

(alum inum  cov ered  stee l re in forced ) and bare cab le , bare w ire , 

insulated or cov ered  w ire , pow der, rods and bar m a ter ia ls . The 

sign ificant in cre a se s  rep orted  in 1970 fo r  bare  w ire , ACSR and 

bare cab le , and insulated o r  cov ered  w ire  and cable w ere  p r im a r ily  

as a resu lt o f a recen t survey  m ade by the Bureau o f D om estic

25 The A lu m in u m  A s s o c ia t io n , S ta t is t ica l R e v ie w ; 1970. p . 14.



NUMBER OF ALUMINUM PLANTS 
IN THE UNITED STATES

SELECTED YEARS

T A B L E  3

PRODUCT 1970 1969 1968 1967 I960
W orld
W a r ll

P r im a ry  Ingot 28 27 24 24 22 14
S econ dary  Ingot 85 89 90 89 92 46
Sheet and P late 61 61 59 57 44 13
F o il 27 26 27 26 22 8

Rod and B ar, R olled  and 
Continuous C ast 33 31 23 21 12 4

W ire , B are , C onductor 
and N onconductor 99 83 75 67 37 10

ACSR and A lum inum  C able, 
B are 61 39 34 36 26 NA

W ire and C able, Insulated 
o r  C overed 80 77 71 61 48 12

Extruded P rod u cts 206 208 180 177 155 17
Drawn Tube 23 23 23 24 22 16
W elded Tube 23 24 24 21 11 NA

P ow der 21 21 19 19 13 12
F org in gs 70 67 54 52 49 59
Im pacts 28 29 NA NA NA NA

N A --N o t availab le .

SOURCE: The A lum inum  A ssoc ia tion , S tatistica l R eview : 1970.
p. 8.
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C om m erce . This sp ecia l survey  o f alum inum  w ire  m ills  un covered  

a num ber o f plants not p rev iou sly  reported .

Sum m ary

The p eriod  since W orld  W ar II and two p rim ary  p rod u cers , to 

1970 and eleven  p rim ary  p rod u cers , has truly been a p eriod  o f 

a cce le ra ted  expansion fo r  the alum inum  industry. It has been a 

p eriod  m arked by steady grow th with few  dow ntrends. H ow ever, the 

a cce lera tion  appears to be levelin g  o ff. The 1967 A lum inum  

Statistica l R eview  stated the average annual growth rate since 

1893 was 18. 6 p er cent with an in crea se  o f 9* 1 per cent in p rim ary  

produ ction  p er year fo r  the past 20 y ea rs . The 1970 Alum inum  

Statistica l R eview  shows these figu res to have changed to 14. 7 per

cent and 9. 9 per cent re sp ectiv e ly  and a 7. 0 per cent growth rate

, , , , 26 fo r  the past d ecade.

The industry continues to grow . The Gulf C oast A lum inum

Com pany and the Noranda A lum inum  In corp orated  aré  constructing

new fa c ilit ie s  and should be in their f ir s t  yea r o f produ ction  soon.

A lco a , A naconda, H arvey and R eynolds have all announced plans

27fo r  in crea s in g  produ ction  and m odern ization  fo r  the near future.

A ld e r fe r  and M ich l have said that there are sev era l m easu res

26 The A lum inum  A ssoc ia tion , S tatistica l R eview ; 1970. p. 7. 

27I b id ., p. 17.
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fo r  grow th in an industry. A lum inum  m eets a ll o f these req u ire 

m ents adequately. F irs t , the num ber o f estab lishm ents; Table 3, 

page 38, shows this growth. Table 4, pages 41 and 42, shows the 

expansion o f the cap acities  fo r  plants. Though this m ay be an 

im p e r fe c t  way to m easu re  grow th, the sheer num bers indicate an 

a cce le ra ted  growth. A second  way suggested  fo r  m easurin g growth, 

though it, too, m ay be d e fective  is  "ca p ita l in vested ". With the 

capital investm ent involved  fo r  building an intergrated alum inum  

plant shown and the num ber o f new p rod u cers  entering produ ction , 

fro m  three in 1948 to e leven  in 1970, there is  no doubt that the 

industry is  expanding. The third and m ore  re lia b le  way suggested 

fo r  m easuring grow th is  the "num ber o f w o r k e rs "  em ployed .

When the A lco a  R ockdale  plant was producing 175, 000 tons o f 

alum inum  annually in 1968, they w ere  em ploying about 1 ,550 

em p loyees. When they added two pot lin es ,ap p rox im ate ly  250 

m ore  em ployees w ere  added. When applying these figu res  to 

the industry as a w hole, we get a good yard stick  o f the growth 

in the num ber o f em p loyees fo r  the industry. A ctual num bers 

o f  em ployees fo r  the industry as a w hole, including fa b r ica to rs , 

w ill fluctuate too m uch to give a com plete  p ictu re .

^ A ld e r fe r  and M ich l, A m erica n  Industry, pp. 12-13.



TA BLE  4

PRIMARY ALUMINUM C APA C ITY

S elected  Y ears 
Short Tons

Y ear®^ T otal A lcoa Reynolds K a iser Intalco O rm et Anaconda

1948 641 ,500 325,000 188,000 128, 500 _  - ____ —

1951 800,750 371,250 259,500 170,000
1952 1 ,1 5 5 ,7 0 0 484,250 353,250 318,200 -  -  ,

1954 1 ,413 , 200 570,500 414,500 428, 200
1955 1 ,634 , 700 706,500 440,000 428, 200 60,000
1957 1 ,8 3 9 ,0 0 0 792,500 488, 500 498, 000 60,000
1958 2 ,1 9 4 ,2 5 0 798,250 601,000 537,000 - - 144,000 60,000

I960 2 ,4 6 8 , 750 853,250 701,000 609,500 _  — 180,000 65,000
1962 2 ,4 8 8 , 750 853, 250 701,000 609,500 180,000 65,000
1963 2, 510, 750 853, 250 701,000 609,500 180,000 67,000
1965 2, 758, 284 950,000 725,000 650,000 184,284 100,000
1966 3, 165, 284 1, 050,000 815,000 670,000 152, 000 184,284 100,000
1969 3, 888, 300 1 ,325 ,000 935,000 710,000 265,000 240,000 175,000
1970 4 ,2 1 7 ,0 0 0 1, 325,000 945, 000 710,000 265,000 240,000 180,000

(1) C apacities shown are as reported  fo r  D ecem ber 31.

SOURCE: The A lum inum  A ssocia tion , S tatistica l R eview : 1970. pp. 16-17.



T A B L E  4

PRIM ARY ALUMINUM C APACITY 
(Continued)

Selected  Y ears 
Short Tons

Y ea r(1) Total C onsolidated H arvey
National-
Southwire E asta lco R evere

1948 641,500 _ — _ _ __ _ _
1951 800,750 - - - - - -
1952 1 ,155 ,700 - - - -
1954 1,413 , 200
1955 1, 623, 700 - -
1957 1 ,839 ,000
1958 2 ,1 9 4 ,2 50 54,000 - - - -

I960 2 ,468 , 750 _ 60, 000 _ _ _
1962 2 ,488 , 750 - - 60t 000
1963 2 ,5 1 0 ,7 5 0 20,000 80,000 — —
1965 2 ,7 5 8 , 284 62 ,000 87,000 — —
1966 3, 165, 284 106,000 88, 000 —
1969 3, 888, 300 140,000 91,000 7, 300
1970 4, 217, 000 140,000 91, 000 180,000 85,000 56,000

(1) C apacities shown are as reported  fo r  D ecem ber 31.

SOU RCE: The A lum inum  A s s o c ia t io n , S ta tis t ica l R ev iew : 1970. pp. 16 -17 .
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In the light o f the fluctuation o f the m oney m arket and ov era ll 

d eclin e  in bu sin ess , the "value o f p rodu ct" as a m easu re  has a lm ost 

lo s t  its im portan ce in m easuring growth o f the industry. Suggested 

as the b est test o f grow th is  in the trend o f p h ysica l quantity output. 

T able 4, pages 41 and 42, show s, a lso , the output o f  p rim ary  a lum i

num produ ction  fo r  the se lected  years  to give this continued growth. 

The in du stries annual grow th rate o f 8. 4 p er cent m akes it one o f 

the fa stest grow ing industries in the nation.



C H A P T E R  III

THE TECHNOLOGY OF THE INDUSTRY 

The Sm elting P r o c e s s  

Introduction

Industrial arts p ro fe ss ion a l litera tu re  contains m any a rtic le s

about m odern  cu rricu lu m  fo r  our d isc ip lin e . W hile som e m ay d iffe r

on a few  item s to be included, our state and national lead ers  agree

1 2  3that industria l arts should include the technology  o f the industry. ’ ’ 

In follow ing with their v iew s, this study is  not intended to m ake the 

student a technician  in the industry but it w ill give h im  a genera l 

understanding o f the p r o c e s s e s , p ro ce d u re s , equipm ent and scope  

o f the in d u stry 's  involvem ent.

A lum inum  is  valuable to man becau se  o f its many outstanding 

^Maley, "In dustria l A rts  R elates to V ocational Education . "
p. 13.

^ L eslie  H. C ochran , "C harting the Changing D irection s o f 
Industrial A rts , Sch ool Shop, O ctober, 1969, pp. 53 -56 .

W ilber and P en dered , Industrial A rts  in G eneral Education.
p. 2,

3
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p ro p e r tie s . L ight w eightness is  its p rim ary  v irtue. Alum inum  

w eighs about tw o-fifth s as m uch as zin c, on e-th ird  as m uch as stee l, 

th ree-ten th s as m uch as cop per and on e-fou rth  as m uch as lead. ^

Its w eight is  about on e-fou rth  to on e-th ird  that o f the other com m on 

co m m e rc ia l m eta ls , with a sp e c ific  gravity  o f 2. 70. A cubic foot o f 

alum inum  w eighs 168 pounds. The advantages o f lightness and r e s is t 

ance to c o r r o s io n  m akes it o f great value fo r  arch itectu ra l applications 

in building con stru ction  and fo r  all fo rm s  o f transportation . The advan

tages o f lightness and therm al conductivity m ake it valuable fo r  cooking 

u ten sils , and when com bining these featu res with c o r r o s io n  res is ta n ce , 

alum inum  is  v ery  good fo r  conta iners and packaging. Another out

standing virtue o f alum inum  is  its e le c tr ic a l conductivity. Pound fo r  

pound it has tw ice the conductivity o f cop p er. This feature plus its 

light w eightness m akes it o f great value fo r  e le c tr ic a l applications. 

Other econ om ic advantages o f alum inum  are : high conductivity fo r  

heat, high re fle ctiv ity  fo r  light and radiant heat, w orkab ility , non

tox ic ity , strength in a lloys , n on -spark in g , n on -m agn etic, appearance,

5and high scrap  and r e -u s e  value.

One would assum e that it would be an easy  m atter to obtain 

alum inum  since it is  the third m ost abundant elem ent on the earth* s

^Stanley V. M arlcu it, The A lum inum  Industry, (B oston: B ellm an 
Publishing C o . ,  I n c .,  1946), p. 1.

^Ibid.
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su rface  and about 15 p er cent o f the earth* s cru st is  alum ina. This 

was one o f the things that led C harles M artin Hall in his q u est--th a t 

any clay  bank could be a r ich  sou rce  o f alum inum . But this is  not so ! 

A lum inum  n ever o ccu rs  in its pure state in nature and becau se  o f its 

many im p u rities , its o re s  cannot be m ade d ire ct ly  into m etal as can 

the o re s  o f many other m eta ls .

Unlike other com m on industrial m etals (iron , cop p er, zinc, 

lead) pure alum inum  is  not produced  by the d ire ct  sm elting o f its 

o re s . In the f ir s t  p la ce , its affinity fo r  oxygen is  so m uch grea ter 

than that o f the p rin cip a l m eta llic  im pu rities in the ore  (iron , s ilicon , 

titanium) that their ox ides are m ore  read ily  reduced  to the m eta llic  

state than is  alum ina. If d ire c t  sm elting m ethods w ere  used to 

reduce the o re , other ox ides would a lso  be reduced  and a resu lting 

a lloy  produ ced  would be too im pure to use. The second  p rob lem  is  

that very  high tem peratures are requ ired  to p rodu ce alum inum  fro m  

alum ina and if  other le ss  volatile  m ateria ls  such as iron  or copper 

are not p resen t to absorb  som e o f the tem perature, the alum inum  

w ill vap orize  and d isappear or  if  carbon  is  p resen t the alum inum  

w ill con vert into w orth less  alum inum  carb id e . L ik ew ise , alum inum
I

cannot be produ ced  by the e le c tro ly s is  o f aqueous solutions of its 

sa lts , hydrogen  and alum inum  hydroxide are  form ed  at the cathode
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instead o f alum inum .

The m odern  e le c tro ly t ic  m ethod o f producing alum inum  is a 

tw o-step  p roced u re . The f ir s t  step is  to con vert the bauxite into 

pure alum ina, alum inum  hydroxide. B auxite, the nam e fo r  alum inum  

o re , d erived  its* nam e fro m  a sm all town in F r a n c e --L e B a u e x --  

w here the o res  w ere  exception a lly  r ich  in alum ina. This is  done 

using the B ayer p r o c e s s . The second  step is  to separate the alum i

num and the oxygen. This step is  Hall*s contribution  to the industry.

F irs t  Step: The B ayer P r o c e s s ,

Bauxite to A lum ina

The bauxite m ust be fir s t  m ade into alum inum  oxide o r  
£

alum ina. The bauxite is  m ined m ostly  with large  pow ered  shovels 

in open pit m ines w hich are  located  in the D om inican R epublic, 

Jam aica , Surinam e (Dutch Guiana), B ritish  Guiana, B ra z il, W estern  

A u stra lia  and som e low grade o re s  are m ined in A rkansas. The 

bauxite is cru sh ed , w ashed to rem ove m uch o f the clay  and s ilica  

w aste, kiln d ried  in ro ta ry  kilns and then shipped to the United States 

by boat and a rr iv e s  as a white to reddish  brow n pow der, a ccord in g  

to its content. This bauxite is converted  to alum ina, usually by the 

B ayer p r o c e s s . The pow dered bauxite is  m easu red  into a m ixer  

w here it is m ixed  with lim e , caustic soda and hot w ater. The

^Alum inum  Com pany of A m er ica , A B r ie f Story o f Alum inum  
and A lcoa  (P ittsburgh: Alum inum  Com pany o f A m er ica , n. d . ). 
p. 3.
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m ixture is  pum ped to a d igester w here it is heated with steam . When

the m ixture is  heated under p re ssu re , only the hydrated alumina

(alum ina hydroxide) contained in the bauxite is  d isso lved  w hile the

so lid s  and other rem aining im pu rities (a red  mud) are filte red  out in

a f ilte r  p r e s s . The filte red  solution  is  then coo led  in a coo lin g  tow er

and pum ped onto hugh p recip ita tion  tanks, that are about five  to six

sto r ie s  high, w here a '^ e e d 11 charge o f hydrated alum ina is  added to

p recip ita te  hydrated alum ina fro m  the solution . The precip ita te  is

com bined with w ater and it c ry s ta lliz e s , a fter w hich the cau stic  soda

is  w ashed out in a washing th ickener. The w ater is  rem oved  and the

precip ita te  is  d ried  in rotating calcin ing  kilns at 1800° F . and then

coo led . The resu lting white p o w d e r --p u re  a lu m in a --is  then shipped

to sm elting plants fo r  the second  p r o c e s s . About two tons o f bauxite
7

are requ ired  to p rodu ce one ton o f alum ina.

Second Step: The Hall P r o c e s s , A lum ina to Alum inum  

The second  step in the m aking o f alum inum  is  the sm elting 

p roced u re , w hich is  done by an e le c tro ly t ic  sm elting p r o c e s s . This 

is  Hall*s contribution  to the industry and in it m eta llic  alum inum  is  

produ ced  by an e le c tro ly t ic  p ro ce s s  that separates alum ina into its 

com ponent p a r ts --o x y g e n  and alum inum . In this p r o c e s s , pure 

alum ina is  d isso lv ed  in a bath o f m olten  cry o lite  (sod ium  alum inum

7
M ore details and other p r o c e s s e s  are  d iscu ssed  in: U. S. D epart

m ent o f C om m erce , M ateria ls  Survey: A lum inum , Nov. 1956, p. V I -2 to 
V I-6 . —
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flou r id e ), a Greenland m in era l that looks like ic e , in large  e le c tro ly t ic

furn aces ca lled  reduction  "p o ts " . The m etal pot its e lf  is  lined with

carbon  anodes suspended in the cry o lite , e le c tr ic  cu rren t is passed

through it, generating heat and causing the cry o lite  to fuse. A fter the

cry o lite  fu ses , alum ina is  added and the e le c tr ic  cu rren t continues

to pass through this m ixture o f cry o lite  and alum ina, causing m eta llic

alum inum  to be deposited  on the cathode, the carbon  lining o f the pot,

w here it settles to the bottom  o f the ce ll . The heat generated by the

passage o f e le c t r ic  cu rren t keeps the cry o lite  bath m olten  so that

alum ina can be added as n e ce ssa ry  to m ake the p r o c e s s  continuous.

A dditional alum ina is  s t irred  into the e le ctro ly te  fro m  tim e to tim e.

At in terva ls , the m olten  alum inum  is  syphoned fro m  the pots, and

the m olten  m etal is  tra n sferred  to holding fu rn aces fo r  rem ova l o f

im p u rities  or  a lloy ing  with other ingred ients. It is  then ca st into

ingots o f variou s s izes  fo r  further fabrica tion . The ce lls  are arran g-

8ed in row s and w ired  in s e r ie s  to fo rm  what is  ca lled  Mpot lin e sn.

M ost co m m e rc ia l c e lls  fo r  the production  o f alum inum  use cu rren ts 

o f 50, 000 to 100, 000 am ps. Since each c e ll  req u ires  only five  to 

six  v o lts , it is  cu stom ary  to connect a la rge  num ber (often 100 or 

m ore ) o f such ce lls  in s e r ie s , and supply the n e ce s sa ry  pow er fro m

g
U. S. D epartm ent o f C om m erce , M ateria ls  Survey: A lum inum  

(W ashington, D. C. : G overnm ent Printing O ffice , 1956), pp. V I-6  to 
V I -10.
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a group o f rotary  con v erte rs , m ercu ry  a rc r e c t if ie r s , or large 

d ire c t  cu rren t gen era tors . In m any plants, large  S od erberg  s e lf 

baking e le c tro d e s  (one or two p er ce ll) a re  used instead o f the 

num erous sm a ller prebaked carbon  anode b lock s  o r  rods w hich 

are em ployed  in the o ld er plants. The box  fo r  50, 000 am p. ce lls  

m ay be 20 ft. long, 6 ft. w ide, and about 3 ft. deep and m ade o f 

stee l about 0. 5 in. thick. Such ce lls  are  arranged  in a line or 

sev era l lines in suitable buildings (often 700 ft. o r  m ore  in length) 

supplied with equipm ent to co lle c t  and rem ove  the fum es and m in i

m ize  the e ffe ct  o f the radiated heat. A lum inum  flu oride  is  added 

to the m olten  e le ctro ly te  fro m  tim e to tim e to neu tra lize  the soda 

in the alum ina (d erived  fro m  the B ayer p r o c e s s ) , and som e cry o lite  

is  added to m ake up fo r  the absorption  by the ce ll  lin ing, lo s s e s  

caused by sp illage , etc. Plants m ay be expanded sim ply  by adding 

m ore  "p ot lin e s ” .

The p ro ce s s  to produce a ton o f alum inum  req u ires  two 

tons o f alum ina, on e -h a lf ton o f carbon  (the carbon  e le ctrod es  

burn up very  fast), 18, 000 Kwh. o f e le c tr ic ity  and 16 m anhours 

o f labor. ^

A ld e r fe r  and M i chi, A m erica n  Industry, p, 105.
9
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The only co m m e rc ia l quantities o f c ry o lite  w ere  found in 

Ivigtut, G reenland but these deposits  w ere  depleted in 1963 a fter 

100 years  o f m ining. A r t ific ia l c ry o lite , m ade fro m  flou rsp a r , 

is  p re fe rre d  and used today becau se  o f its purity.

M ill P r o c e s s e s

A lum inum  lends its e lf  to m any m illin g  p r o c e s s e s  easily . 

H ow ever, like m ost m eta ls , alum inum  is  usually w orked as an 

a lloy . C om m erc ia l alum inum  usually  ranges betw een 99. 0 and 

99. 6 per cent pure and tech n ica lly  should be con s id ered  as an a lloy . 

Iron  and s ilicon  are  the usual im pu rities p resen t and they w ill change 

the p rop ertie s  o f alum inum . The usual a lloy ing  m etals are cop p er , 

m agnesium , m anganese, zinc and n ick el. S pecia l a lloys m ay con 

tain varying sm all am ounts o f many other m etals or  elem ents.

In 1946, the U. S. B ureau o f Census com p iled  data on ingots 

and four groups o f m ill p rodu cts. B ecause o f their grow th, the 

industry now shows tw enty-three separate ca teg ories  o f these m ill 

p rodu cts . The U. S. Census grouping continues to be sa tis fa ctory  

in that m any o f the sta tistics  are still rep orted  in this m ethod.



52

These groups a re : (1) ingots, (2) sheet, plate and fo il , (3) extrusions

and tube, and (4) other. This "o th e r"  group includes con d u ctors , rod , 

b a r , w ire , fo rg in g s , im pacts and pow der.

F igu re  4, page 53, contains pie charts that show the percentage 

o f produ ction  in se lected  y ea rs  fo r  these groupings. Table 5, pages 

54, 55, and 56, shows net shipm ents fo r  these groups. Since these 

groupings are gen era l, it is  n e ce s sa ry  to identify  how each  group is

j 10used.

The ingot group is  that alum inum  w hich is  fo r  export, d estru c

tive u ses and used in casting. Ingot is the b a s ic  fo rm  o f p rim ary  

alum inum  and m ay be coo led  fo r  shipm ent in that fo rm . Many 

in tergrated  plants m ove the hot ingot d ire ct ly  to other p r o ce s s e s  

w here it is  often a lloyed  with other m eta ls w hich g ives it a w ide 

variety  o f  d es ira b le  ch a ra cte r is tics  and then feed  it  d ire ct ly  to m ills  

fo r  p ro ce ss in g  w hile still hot. Ingots are  m ade available in a range 

o f s izes  and shapes fo r  cu stom er use. C astings can be m ade by 

m ost o f the gen era l casting p roced u res  used: sand, p la ster , p e r 

m anent m old  and die p r o c e s s . M ost perm anent m old  castings 

contain 7 p er cent to 10 p er cent cop p er , although h eat-treated  

a lloys  contain varying amounts o f cop p er , m agnesium  and s ilicon

l^The A lum inum  A ssocia tion , S tatistica l R eview ; 1970.
p. 24.



FIGURE 4

PERCENTAGE DISTRIBUTION BY MAJOR PRODUCTS

S ou rce : The Alum inum  A ssocia tion , S tatistica l R eview : 1970. p. 26.



T A B L E  5

SHIPMENTS OF INGOT AND M ILL PRODU CTS*

E xcludes M ill P rod u ct Im ports to C onsum ers 
1946-1970 M illions o f pounds, Net Shipm ents

Y ear
Total

Alum inum
Total
Ingot

P r im a ry
Ingot

Secondary
Ingot

E xtrusion
Ingot

Total
M ill

P rodu cts

1946 1,670. 0 529.2 _ „ _ - __ 1, 140.8
1948 2, 270. 0 629. 8 - - - - - 1 ,640 . 2
1950 2 ,4 3 8 .0 724.6 - - 1, 713 .4
1952 2 ,6 6 1 .6 811. 2 339. 8 4 7 1 .4 1, 850.4
1954 3, 006. 8 920. 2 425. 7 494. 5 - - 2 ,0 8 6 .6
1956 4, 109. 3 1, 223 .4 520. 1 703 .4 2, 885.8
1958 3, 571. 1 974.0 368. 6 605 .4 2 ,597 . 1
I960 4 ,6 5 7 .7 1, 608. 6 852. 3 665 .2 91. 1 3 ,049 . 1
1962 5, 669. 8 1, 858.6 768. 9 848 .7 241. 0 3, 811. 3
1964 7, 063. 5 2, 228.6 946. 5 995. 1 287. 0 4 ,8 3 4 . 9
1966 8, 797.6 2, 340. 1 987. 2 1, 190.4 162. 6 6 ,4 5 7 . 5
1968 9 ,8 6 1 .8 2 ,694 . 8 1, 154. 2 1, 284 .3 256. 3 7, 167.0
1969 10, 717 .5 3, 051. 2 1, 5 6 9 .4 1 ,2 6 4 .9 216. 9 7 ,666 . 3
1970 9 ,9 4 1 .9 2, 555. 7 1 ,2 6 9 .9 1 ,1 2 6 .0 159. 7 7, 386. 2
^ P rod u cers  Goods. D etail m ay not add to totals due to rounding.

SOURCE: U. S. Departm ent o f the In terior, A lum inum : R eprint fro m  the Bureau o f M ines 
M in era ls  Y earbook  (Washington, D. C. : G overnm ent Printing O ffice . Y ears  se lected ).



T A B L E  5 - -C on tin u ed

Total
Y ea r Alum inum  P late , sheet & strip  Rod, bar & w ire

1946
1948
1950

1 ,6 7 0 .0  
2, 270. 0 
2 ,438 . 0

867.0  
1, 268. 3 
1, 163. 1

130. 6 
183. 0 
269. 8

Sheet & P late ACSR Ins. or  Cov.
nonheat- heat- Rod & W ire, & bare w ire  & cable

treatable treatable F o il B ar bare cable & w ire , bare

1952 2 ,6 6 1 .6 641 .4 288. 0 8 5 .4 197. 3 42. 7 174. 7 23 .4
1954 3, 006. 8 768. 2 243.6 153. 3 143. 7 45. 6 147. 1 25. 0
1956 4, 109.3 1, 050.6 327. 0 190. 5 117. 8 59 .9 187.4 56. 1
1958 3, 571. 1 944 .4 209. 1 199.6 75 .6 44. 2 174. 8 51.0
I960 4 ,6 5 7 . 7 1, 203.4 184. 8 249. 0 9 2 .9 5 5 .4 183. 1 60 .4
1962 5 ,669 . 8 1,470. 7 240. 2 297.4 136.4 55. 0 253. 2 76 .9
1964 7, 063. 5 2, 027. 2 246. 8 356. 7 146. 8 63. 1 309. 2 103. 2
1966 8 ,7 9 7 .6 2, 508. 1 428. 7 432. 2 151. 9 103. 2 507 .4 165. 3
1968 9, 861. 8 3, 014. 3 390. 2 508. 7 130. 0 100.4 492. 2 214. 0
1969 1 0 ,7 1 7 .5 3 ,405 . 1 321. 7 559. 9 144. 3 94. 7 475. 1 250. 5
1970 9 ,9 4 1 .9 3 ,470 . 5 218. 1 558. 7 138. 2 93. 5 499. 5 260. 2

C onsum er Goods



T A B L E  5 - -C on tin u ed

Total
Y ea r  A lum inum  Extruded shapes, tube b loom s and tubing P ow der

1946 1 ,6 7 0 .0 126, 1 17. 2
1948 2, 270. 0 171. 9 17. 0
1950 2 ,4 3 8 . 0 258. 1 22. 5

Extruded shapes Tubing
Soft Hard Soft Hard

alloys a lloys a lloys a lloys

1952 2 ,6 6 1 .6 206. 2 81 .0 4 6 .4 14. 2 49. 7
1954 3, 006. 8 385.8  6 3 .8 53. 5 10. 1 46. 9

Drawn W elded F org in gs
tube tube Im pacts

1956 4, 109. 3 641. 0 6 3 .5 60. 2 27 .6 2 8 .4 75. 7
1958 3, 571. 1 693. 5 49. 8 59. 8 18. 7 25. 6 50. 8
1960 4, 657. 7 812.1 38 .9 60. 3 25. 9 32. 8 50. 1

Extruded Extruded Extruded
rod & bar Shapes pipe & tube

1962 5 ,6 6 9 . 8 6 7 .4  827.2  144.7 7 8 .4 40. 7 43. 7 79 .4
1964 7, 063. 5 83.1 1 ,0 5 7 .4  162.5 6 6 .9 7 7 .4 46. 3 88 .4
1966 8, 797 .6 88 .7  1 ,4 3 3 .0  197.5 99. 7 91. 2 111.4 139. 2
1968 9, 861. 8 5 8 .4  1 ,4 3 3 .0  182.0 92 .6 106. 9 276 .4 167. 8
1969 10, 717 .5 63. 3 1, 532. 5 196.1 89. 0 101. 6 276.0 156. 6
1970 9 ,9 4 1 .9 5 6 .5  1 .4 1 2 .6  176.9 84. 2 92. 5 204. 5 120.4
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w here higher strength and ductility  are requ ired . T yp ica l strengths 

fo r  ord in ary  sand cast a lloys are in the range o f 19, 000-30 , 000 lbs. 

p er square inch (p. s. i. ) w hile heat-treated  a lloys m ay show 30, GOO- 

45, 000 p. s. i. As a gen era l ru le, an a lloy  cast in perm enant (m etal) 

m olds w ill show ten sile  strengths o f 5, 000-10 , 000 p. s . i .  h igher than 

when sand cast.

In the sheet, plate and fo il  group, the sheet ingots are reduced 

to sheet or  plate by continuous p asses through ro llin g  m ills . P late 

b ecom es  sheet when it is  reduced  to a th ickness o f . 249 inch. Sheet 

b ecom es  fo il  when ro lled  to le s s  than . 006 inch. Sheet is  used fo r  

building p rodu cts , cans, cooking u ten sils , autom otive tr im , tru ck - 

tra ile r  b od ies , a ir fra m e skins, w elded furn iture, tube and other 

p rod u cts . The fo il can be ro lled  to . 0002 inch fo r  sp ecia l ca se s . 

A lum inum  is  idea l as a household w rap but it has other u ses . It is 

a lso  used fo r  e le c t r ic  m otor w indings, ca p a c itors  and honeycom b 

stru ctu res used in m any a erosp a ce  app lications.**  F o il is  genera lly  

m ade fro m  som ewhat higher purity alum inum  than co m m e rc ia l "pu re ' 

alum inum 11 sheet, ranging upward to 99. 99 p er cent fo r  fo il  used in 

e le c tro ly t ic  con d en sers .

**A lcoa , S tory o f A lum inum  and A lcoa , p. 8.
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E xtruded shapes and tubular group products are m ade by-

fo rc in g  heated alum inum  ingots through a die opening. A lum inum

extruded shapes p erm it en g in eers, a rch itects  and m anufacturers

a lm ost un lim ited  latitude o f design . M ore  than 100, 000 d ifferen t

c r o s s  section s have been extruded by one m anufacturer.

Tubular produ cts a lso  are further fabrica ted  by drawing operation .

C om m on uses fo r  extrusipns and tubes range fro m  furn iture, doors

and hand ra ils  to autom otive tr im , product pipeline and a variety  o f

heavy structu ral shapes. Cold w orking (ro llin g , forg in g , drawing

through d ies , etc. at ord in ary  tem peratures) hardens the m eta l,

in creasin g  both ten sile  and y ield  strength. M ost extrusion s a re ,

h ow ever, m ade by using hot ingots (700° F . -9 5 0 °  F . ) 6-8  inches in

d iam eter and o f variou s lengths, p laced  in hydrau lic "ex tru s ion -

p r e s s 11 and fo r ce d  through d ies to fo rm  the d es ired  shape o r  "b lo o m 11

fo r  further shaping. Sm all amounts o f a lloying m a teria ls  a lso  w ill

12in cre a se  the strength o f the m etal.

The produ cts produ ced  in the "o th er"  ca tegory  use sev era l 

d ifferen t p r o c e s s e s  w hich should be noted, R od, bar and w ire  m ills  

take "b lo o m s "  and pass them  through ro lls  and are frequently  co ld - 

fin ished  o r  drawn to obtain d esired  s ize  or  shape. The produ ct size

A lco a , S tory o f A lum inum  and A lcoa , p, 9.12
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and shape are  con tro lled  by the shapes o f the ro lls  o r  drawing d ies . 

R od and b a rs  are w idely  used as s cre w s , m achine and other forg in g  

stock , fo r  drawing into w ire  and many other app lications, while 

structu ra l shapes are  used throughout the e le c tr ic a l , con stru ction  

and highway in d u stries. Since it is one o f the better conductors o f 

e le c tr ic ity , coupled with the high cost  o f cop p er , alum inum  conductors 

are being used fo r  h igh -voltage  pow er tran sm ission  lin es , pow er d is 

tribution , in residen tia l areas and to and within industria l plants and 

co m m e rc ia l bu ild ings. O ver five  m illion  m iles  of alum inum  tran s

m iss ion  lines are  in use by the e le c tr ic a l industry along with a lum i

num tow ers fo r  ca b le -su p p orts . Again, a lloying is  the key to obtain 

ing the w orkability  and strength requ ired  o f the produ ct being m ade.

A lum inum  forg in gs and im pacts o f the "o th e r"  group have been 

developed  fro m  the ancient art and is  a h ighly v ersa tile  production  

p r o c e s s  em ploying h am m ers, p re sse s  and sp ecia lized  m ach ines. 

H ydraulic p re s s e s  ranging up to 35, 000 and 50, 000 ton giants have 

been the im petus to forg in g  changes that have grea tly  expanded the 

use o f la rge  alum inum  forg in g s . Im pact extrusion s have been 

developed  fo r  use in both sim ple and com p lex  design  m ethods. The 

p ro c e s s  that m akes alum inum  p rodu cts fo r  a erosp a ce , m is s ile s , 

e le c tro n ic  parts and many other u ses , req u ires  equipm ent that 

includes p re s s e s  a lm ost three s to r ie s  high and produ ces im pacts
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up to five  feet long.

A lum inum  pow der and paste are m ade fro m  finely  ground a lum i

num and used m ostly  in paints and ro o f  coatings. They are a lso  used 

in printing ink, lubricants and rock et fuel. With the developm ent o f 

the tech n olog ica l p r o c e s s e s  com pleted  by A lcoa , others w ere  to enter 

the com petition .

(



C H A P T E R  IV

THE CO M PETITIVE ASPECTS OF THE INDUSTRY

It has been shown in Chapter I that there was no com petition  

within the alum inum  industry fo r  producing p rim ary  m etal during 

the A lcoa  p eriod , h ow ever, there w ere  independent fa b r ica to rs . In 

this p eriod  A lcoa  developed  sou rces  o f bauxite, p ow er, p r o c e s s e s  

and m arkets. C om petition  during this p eriod  w as fro m  the established  

stee l and cop per in d u stries . A lcoa  was dedicated  to reducing the 

p r ice  o f alum inum  and the p r ice  o f alum inum  did d e cre a se  steadily  

fro m  $5. 28 p er pound in 1888 to fifteen  cents p er pound in 1942. *

Table 1, page 13, shows the average annual p r ice  o f  alum inum .

P r ic e s  have in crea sed  fro m  the low  in 1942 but this r is e  is  fro m  

a gen era l in flation  in the econ om y and not becau se  o f the industry 

itse lf .

Steel and cop p er , the m ain com p etitors  o f  alum inum , w ere  

w idely  used and, often, little  con sideration  was given to w eight or

^A lcoa, F acts  About A lcoa , p. 11.
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bulk in developing m ach ines, equipm ent o r  stru ctu res. W orld  W ar 

II and the need fo r  a ircra ft  brought a new technology and created  a 

new, w idely  expanded need fo r  alum inum . Although the stee l industry 

is  m uch la rg er  than the alum inum  industry, alum inum  has m ade in

roads into som e areas o f it w here the ch aracter o f alum inum  has an 

advantage.

The expanded use o f e le c tr ic ity  created  a greatly  expanded

netw ork o f high voltage tran sm ission  and lines and a llied  p rodu cts.

Many o f these new netw orks in corp orated  either A CAR (alum inum

conductor a lloy  re in forced ) or  ACSR (alum inum  conductor steel

re in forced ) ca b les . The ASCR cable  is  50 p er cent stron ger and

228 per cent ligh ter than e le c tr ic a lly  equivalent copper cable .

Although alum inum  is  not cheap, its co s t  p er pound fe ll  below  that

o f copper in 1947. A lum inum  tonnage production  surpassed  that

o f cop p er in 1954 and becau se  o f its  light w eight in relation  to

3volum e, alum inum  goes about three tim es as far as cop p er.

A lum inum  has com peted  fo r  its p lace  with the m eta ls and it 

is  not lik ely  to be rep laced  by other m eta ls . C om petition  in 

p r im a ry  alum inum  produ ction  actually  started in 1941 when the 

R eynolds M etals Com pany, then a fa b r ica to r , could not get enough

2A ld e r fe r  and M ich l, A m erica n  Industry, p. 113.

3I b id ., p. 107.
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pig alum inum  to keep its fabricatin g  plants busy and built its own ore  

refin ing and reduction  plants, K a iser A lum inum  and C h em ica l C orp o 

ration becam e a com p etitor in 1946 when it bought som e o f the govern 

m ent sp on sored  and built plants operated  by A lcoa  during the w ar.

Now there w ere  three p rim ary  alum inum  p rod u cers  in the United 

States, and at the end o f 1948 they had a com bined  capacity  o f 641, 500 

tons. Alcoa* s capacity  was 325, 000 tons o r  slightly  over  50 p er cent. 

Reynolds* capacity  was 188, 000 tons or slightly  over 29 p er cent, 

w hile K a ise r 's  capacity  was 128, 500 tons fo r  just under 21 p er cent 

o f the total supply. T here w ere  annual capacity  in cre a se s  frequently 

through 1959 .^

By 1959 there had been annual in cre a se s  in production  and three 

new p rod u cers  had entered the com petition : A naconda, O rm et and 

H arvey A lum inum  C om panies. P rodu ction  had in crea sed  to 2 ,4 0 2 , 750 

tons. During the next five y ea rs , through 1964, only one new p r o 

ducer appeared and produ ction  was up 8. 2 p er  cent to a total o f 

2, 599, 100 tons. Since 1964 p rod u cers  have in crea sed  their cap acities 

by 1 ,617 , 900 tons or 62. 2 p er cent o r  an annual rate o f 8. 2 p er cent 

and four new p rod u cers  have brought the total produ ction  up to

4, 217, 000 short tons at the end o f 1970. Table 4, pages 41 and 42,
-

4
The A lu m in u m  A s s o c ia t io n , S ta tis t ica l R e v ie w ; 1970. p . 17.
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shows production  fo r  se lected  years fo r  the com panies in production  

at that tim e and that w hile all p rod u cers  have continued to in crea se  

their cap acities  and production , som e are in creasin g  at a fa ster  rate 

than oth ers .

A lso , w hile not shown, it is  in terestin g  to note that A lcoa*s 

R ockdale , Texas plant production  capacity  o f 275, 000 tons annually 

is  m ore  than that o f eight o f the eleven  p rim ary  alum inum  p rod u cers  

total capacity .

F igu re  5, page 65, is  a chart that shows percentage o f p rod u c

tion by p rod u cers  in 1948 and 1970. These charts illu stra te  that 

w hile A lcoa  is  still the leading p rod u cer o f p rim ary  alum inum  its per 

cent o f lead is d ecrea sin g  as m ore  p rod u cers  enter the industry. ®

M ajor m arkets fo r  alum inum . - -T h e  alum inum  industry has con 

tinued to grow  and m arkets fo r  alum inum  continue to change. A s one 

m arket m ay d e cre a se  in ov era ll demand fo r  alum inum  another w ill 

in crea se  in demand and take up the slack  in the m arket. C om petition  

fo r  these m arkets is  the resu lt o f the growth o f the industry. The 

m a jor  m arkets, as identified  by the alum inum  industry in the United 

States, have a w ide range o f uses within them . T hese m a jor  m arkets 

and u ses are identified  as: ( 1 ) the building con stru ction  m arket w hich

5The A lu m in u m  A s s o c ia t io n , S ta t is t ica l R e v ie w ; 1970. p. 17.



FIG U R E  5
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uses alum inum  in residen tia l, industria l, c o m m e rc ia l, fa rm  and 

highway app lications. T hese include d o o rs , w indow s and s cre e n 

ing, awnings, and can op ies, roofin g  and siding, curtain  w a lls  and 

store  fron ts , gutters and downspouts, bridge and guard ra il, lighting 

standards and m ob ile  h om es. (2) Cans, caps and c lo s u re s , co lla p s 

ib le  tubes, household and industria l fo ils , s e m i-r ig id  food  containers 

and the many flex ib le  packagings are part o f the com ponents o f the 

conta iners and packaging m arket. (3) The m arket o f consum er 

durable goods includes the m arket fo r  a ir conditioning, cooking 

u tensils , furn iture, p leasu re  boats, p erson a l and recrea tion a l goods 

and re fr ig era tion . (4) The e le c tr ic a l industry co m p rise s  e le c tr ic a l 

m ach in ery  and equipm ent, lighting fix tu res and lam ps, pow er tran s

m iss ion  and d istribution  equipm ent and com m unications equipm ent.

(5) The m arket fo r  m ach inery  and equipm ent uses include agricu ltu ra l, 

con stru ction , industria l and m ining m ach in ery , irr iga tion  pipe, storage 

tanks, sew age d isp osa l p ro ce s s  industries equipm ent, fa sten ers  and 

other gen era l com ponents. (6) T ransportation  end u ses are found fo r  

alum inum  in the a ircra ft  and a erosp a ce  industry, m arin e , ra il and 

autom otive app lications, trave l tra ile rs  and recrea tion a l veh ic les  

and ca rg o  con ta in ers. (7) The "o th e r ” m arket con s ists  o f the m is c e l 

laneous end uses not included in the other ca teg ories  w hile the export
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group is  se lf-ex p la n a tory . ^

F igu re  6, page 68, shows the percen tage o f the m a jor  m arkets 

o f  alum inum  fo r  se lected  years  and the fluctuating as the m arket has 

shifted and the total amount o f alum inum  actually  used in each  ca te 

gory . F igu re 7, page 69, shows the annual growth rate percentage 

changes fo r  the years  1960-1970 in the m arket changes, During this 

ten year p eriod  all m a jor  m arkets continued to grow . C ontainers 

and packaging had the la rg est percentage o f growth in this p eriod .

They rep orted  a gain o f 1, 146 m illion  pounds w hich was a lm ost four 

tim es its I960 shipm ents. C om petition  within an industry often e ffe cts  

the loca tion  o f the in d u stry 's  plants. Industries with favorab le  lo ca 

tions have an edge on their com petition .

^The A lum inum  A ssocia tion , S tatistica l R eview ; 1970. p. 32.



FIG U RE 6

SHIPMENTS DISTRIBUTION BY M ARKET

1967

SOURCE: E stim ated by the Alum inum  A sso c ia tio n , S tatistica l R eview : 1967 and 1970 p. 32.



FIG U R E 7

M ARKET CHANGES 
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C H A P T E R  V

It m ay be natural to assum e that, like m ost o f the stee l industry 

and becau se  A lcoa  orig inated  in P ittsburgh, the alum inum  industry is  

centered  in the P ittsburgh  area , but that is  not the ca se . The lo c a 

tion o f plants apparently fo llow s two separate patterns. One pattern 

is fo r  the p rim ary  alum inum  sm elting and the other is  fo r  m ill p r o 

ducts. The loca tion  o f alum inum  sm elters  is  determ ined, b a s ica lly , 

by two m a jor  produ ction  fa c t o r s - -  the co st  o f transportation  and o f 

e le c tr ic ity . Since p ra ctica lly  all o f the bauxite m ust be im ported  

and p ro ce s s e d  into alum ina, these plants are usually loca ted  near a 

sou rce  o f low  cost  w ater transportation  and m ost are on the coa st or 

on navigable r iv e rs . The transportation  o f the alum ina to the sm elter 

is  another fa ctor  to in fluence the location  o f the sm elter and it b ecom es  

a com p rom ise  in its loca tion . It is  the cost  o f transporting the alumina 

versu s  the co s t  o f transporting the pow er requ ired  fo r  the sm elting 

p ro ce s s  and usually the co s t  o f transporting the alum ina is  cheaper. 

T h ere fo re , the sm elter is located  near the sou rce  o f the e le c tr ic ity .

L O C A TIO N  OF THE ALU M IN U M  INDUSTRY
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The plant loca tion  fo r  m ill p roducts is  determ ined, p r im a r ily , by 

m arkets fo r  the products and th ere fore  fo llow s the pattern o f other 

m anufacturing industries in the United States in loca tion . The la rg est 

p er cent o f  these plants is  located  in the E astern  half o f the United 

States. None are in the W est but som e are on the P a c ific  C oast with 

a concentration  o f plants in parts o f C a liforn ia .

F orty  o f the fo rty -e ig h t Continental United States have plants 

fo r  producing p r im a ry  alum inum  or m ill p rodu cts . Those eight 

states that are the exception  are : A rizon a , Idaho, New M ex ico ,

North Dakota, South Dakota, Utah, V erm ont and W yom ing. *

F igu re 8, page 72; F igu re 9, page 73; F igu re  10, page 74; 

F igu re  11, page 75, and F igu re 12, page 76, show the loca tion  o f 

the plants, by p rodu ct, but it m ust be pointed out that many plants 

are  in tergrated  and they produ ce m ore  than one product. These 

loca tion s fo r  the products are  only that, and since m ore  than one 

produ ct m ay be produ ced  in a plant, it  m ay appear that there are 

m any plants in one loca tion  when in rea lity  there is only one plant. 

R e fe r  to Table 2, page 27, fo r  the num ber o f plants in the United 

States.

T here are  two fa cto rs  that have m ade the P a c ific  N orthw est 

m ost suitable fo r  alum inum  sm elting; they are a cce ss ib le  to ocean

^The A lum inum  A ssocia tion , S tatistica l R eview ; 1970. 
pp. 8 -9 .



FIG U RE 9

GEOGRAPHIC DISTRIBUTION OF ALUMINUM PLANTS 

FO IL ; SHEET AND P L A T E

S o u rce : The A lu m in um  A s s o c ia t io n , S ta tis t ica l R e v ie w ; 1970. pp. 9 -1 0



FIGU RE 10

GEOGRAPHIC DISTRIBUTION OF ALUMINUM PLANTS
E xtrusions

S o u rce : The A lu m in u m  A s s o c ia t io n , S ta tis t ica l R e v ie w ; 1970. pp. 9 -1 0



FIG U R E 11

G EO G RAPH IC D ISTRIBU TION  O F ALU M IN U M  P L A N T S
F orgings a n d /o r  Im ports; P ow der and P aste ; 

Drawn a n d /or  W elded Tube

S o u rce : The A lu m in um  A s s o c ia t io n , S ta tis t ica l R e v ie w ; 197.0. pp. 9 -1 0 .



FIG U R E 12

GEOGRAPHIC DISTRIBUTION OF ALUMINUM PLANTS 
B are W ire ; R olled  and Continuous Rod and B ar; 

ACSR and C able a n d /o r  W ire and Cable

S o u r c e : T he A lu m in u m  A s s o c ia t io n , S ta tis t ica l R e v ie w ; 1970. pp. 9 -1 0
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v e sse ls  bringing in the bauxite and h y d ro e le c tr ic  pow er is re la tive ly  

nearby.

A ld e r fe r  and M ich l state that "alum inum  fo llow s p o w e r--a n d  

geograp h ica lly , it is  essen tia lly  a Southern and P a c ific  N orthw est

9 !in d u stry ". 6 B a s ica lly  this rem ains true but there has been som e 

shift in the geograph ica l loca tion  fo r  m any o f the new plants fo r  p r o 

ducing p rim ary  alum inum . In 1956 when A ld e r fe r  and M ich l m ade 

the above statem ent there w ere  seven p r im a ry  alum inum  sm elters  

in the P a c if ic  N orthw est, nine in the South and one in the N ortheast. 

In 1970, there w ere  nine sm elters  in the P a c if ic  N orthw est, e leven  

in the South and seven in the North. Although the shift in the 

geograph ica l loca tion  fo r  many new sm elters  has been to the 

N orth, their loca tion  still fo llow s the pow er sou rce  theory in that 

they are situated near pow er so u rce s . H y d roe le ctr ic  pow er is  still 

the p rim e  p ow er sou rce , h ow ever, som e plants re ly  on fo s s i l  fuels: 

gas, coa l and lign ite .

A ld e r fe r  and M ich l, A m erica n  Industry, p. 110.
2



C H A P T E R  VI

The United States has been a leader in w orld  technology and as 

would be expected  is  a lea d er in the w orld  alum inum  industry.

United States' im ports  and exports and the w orld  production  o f p r i

m ary  alum inum  by country illu stra tes  the United States position  in 

this w or ld -w id e  industry.

United States Im p orts . - -F ig u re  13, page 79, shows the United 

States alum inum  im p orts  o f ingot, scrap , d ro s s , skim m ings and 

sem i-fa b r ica ted  produ cts fo r  the years 1948-1970. This graph 

illu stra tes  the gen era l trend o f the United States alum inum  im p orts . 

F ro m  1948 to 1968 there have been som e down cy c le s  but the genera l 

trend has been upward to a high o f slightly  ov er  1 , 600 m illion  pounds. 

Betw een 1968 and 1970 these im ports  have d eclin ed  to under 1, 000 

m illion  pounds. The 1970 figu res  include 115 m illion  pounds o f 

re im p orts  o r  11 .8  p er cent. Ingots accounted fo r  71. 5 p er cent o f 

the im p orts  w hile sem i-fa b r ica ted  products took 20. 1 p er cent and 

8 .4  p er  cent was scrap , d ross  and sk im m ings.

The six  la rg est sou rces  o f United States im ports fo r  1970 w ere :

W O R LD  ALU M IN U M  SU PP LIE S
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FIG U RE 13

U NITED S T A T E S  ALU M IN U M  IM P O R T S
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Canada, 75. 0 p er cent; B elgium , 5. 7 p er cent; N orw ay, 4. 3 per 

cent; F ra n ce , 3 .4  p er cent; Japan, 3. 2 p er cent and W est G erm any, 

2 .4  p er cent.

United States E x p orts . - -F ig u r e  14, page 8l> illu stra tes  the 

United States exports fo r  the years  1948-1970. A s with the im p orts , 

t:here are  som e down turns but the gen era l trend in the United States 

exports o f alum inum  products is  upward and in 1970 the total exports 

w ere  up to 1, 276 m illion  pounds or 8. 1 p er cent. Ingot alum inum  

accounted fo r  64 p er cent o f the exports , up 18. 6 p er cent in 1970 

and se m i-fa b r ica te d  produ cts accounted fo r  27 per cent, w hile scrap  

accounted  fo r  another 9 p er cent. In 1970 Canada re ce iv e d  the la rg est 

part o f  our exports with 15. 2 per cent fo llow ed  by W est G erm any with 

13. 7 p er  cent; Japan, 12. 3 p er  cent; F ra n ce , 1 1 .8  p er cent; Italy,

5. 9 p er  cent and B elg ium , 5. 5 p er  cent. It should be noted that under 

" im p o rts "  an item  listed  as " r e im p o r ts "  and the two listin gs o f coun

tr ie s  v e r ify  this "exch an ge" o f  alum inum.

W orld  P r im a ry  A lum inum  P roduction . - -T h e  w orld  production  

o f alum inum  ro se  fro m  4, 950 thousand short tons to 10, 655 thousand 

short tons o r  115 per cent fr o m  I960 to 1970. During this sam e 

p eriod  the United States' produ ction  ro se  97 p er cent. North A m erica n  

produ ction  accounted fo r  47. 6 p er cent o f the w o r ld 's  total p rim ary  

alum inum  produ ction .
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FIG U R E  14

U NITED S T A T E S  ALU M IN U M  E X P O R T S
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SOURCE: The A lum inum  A ssocia tion , S tatistica l R eview ; 1970. p. 45.
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Table 6, pages 83 and 84, shows w orld  p r im a ry  alum inum  p ro 

duction by country fo r  years se lected  to dem onstrate continued grow th 

and com petition . In 196Q there w ere  23 coun tries producing p rim ary  

alum inum  and in 1970 there was an in crea se  o f the coun tries to a 

total o f 33 cou n tries in production  of alum inum .

U. S .S . R. led the com m unist coun tries in 1970 and accounted 

fo r  1 , 2 10 , 000 short tons, 11 .4  per cent o f  the w o r ld 's  production .
C I

Total com m unist country production  was 1, 771, 000 short tons or 

16 . 6 p er cent o f the w o r ld 's  production .



T A B L E  6

W ORLD P R IM A R Y  ALU M IN U M  PR O D U CTIO N

Thousands o f  sh ort tons
COUNTRY 1970p 1968r 1966 1964 1962 I 960

W orld  Total* 10,644 8, 839r 7, 583 6, 553 5, 580 4, 950

North A m e r ic a - -T o ta l 5, 076 4 , 259r 3, 881 3,415 2 , 808 2 ,777
Canada 1, 063 979r 890 843 690 ~ 762
United States 3,976 3 ,255 2,968 2, 553 2 , 118 2 ,014
M exico 37 25 22 19 - -

South A m e r ic a - -T o ta l 146 102r 58 29 22 20
B ra z il 63 43r 30 29 22 20
Surinam 58 48 28 — — —

V enezuela 25 11 - - - - - -

A s i a - - T o t a l ^ 1, 172 785r 593 487 350 264
Chinai 1) 140 lOOr 110 110 no 88
India 178 132 92 62 39 20
Japan 808 531r 372 293 189 147
South K orea 17 — — —

Taiwan 30 22 19 21 12 9

A fr ic a - -T o t a l 183 170 54 57 58 48
C am eroon 58 50 54 57 58 48
Ghana 125 120 - - - -

O cea n ia --A u stra lia 225 107 101 88 18 13



TA B LE  6- -C ontinued

Thousands o f short tons
COUNTRY 1970p 1968r 1966 1964 1962 I 960

E u r o p e -- T o t a l i 3, 852 3, 4 l6 r 2, 897 2 ,477 2, 325 1, 827
C om m on M arket

C ountrie s - - T ota l 1, 003 898r 833 718 613 541
F ra n ce 419 403 _ 401 348 325 263
G erm any, W est 340 284r 269 242 196 186
Italy 162 157 141 127 91 92
N etherlands 82 54 22 - - - - - -

E uropean F re e  T rade
A sso c ia t io n - - Total 901 800r 592 513 419 350
A u stria 99 95 87 86 82 75
N orw ay 584 516 357 288 227 182
Sweden 73 62 32 34 18 18
Sw itzerland 101 85 76 71 55 44
United K ingdom 44 42 41 36 38 32

O ther- - Total^ * ) 1 ,948 1 , 718r 1,472 1, 245 1, 293 936
C zech o Slovakia^  ̂̂ 72 72 68 65 65 44
G erm any, E a s t(l) 55 55r 88 72 50 44
G reece 96 84 40 ,
Hungary 73 69 67 63 58 55
Iceland 41 —

Poland (includes secondary) 109 103 61 53 53 29
R um ania(includes secondary) 112 84 52
Spain 127 98 70 55 46 32
U .S . S. R . (1) 1 , 210 1, lOOr 980 900 990 705
Y u goslav ia 53 53 46 38 31 28

r - -R e v is e d  p --P re lim in a ry  ( 1 ) E stim ated  by the Bureau o f M ines, D epartm ent o f  In terior.
D etail m ay not add to totals due to rounding.
S ou rce : U. S. D epartm ent o f the In terior, A lum inum : M in era ls Y earbook . Y ea rs  Selected .



C H A P T E R  VII

AN OUTLINE OF STUDY 

FOR AN INDUSTRIAL ARTS M ETALS COURSE

The A lum inum  Industry

Unit O b jectiv e . - - A study o f the A lum inum  Industry including the 

h istory  o f  the industry, the tech n olog ica l p r o c e s s e s , and the way alum i

num has grow n into our socie ty  through produ ction  and consum er 

p rodu cts.

I. The H istory  o f A lum inum

O bjective , - -to  exp lore  the h istory  o f the alum inum  industry 

through lib ra ry  re se a rch  and determ in e:

TOPIC ACTIVITIES

A. M etals o f the ancient A . T h eories  o f how man m ay

tim es have found m eta ls . A lum i

num was not one o f them,

B. E arly  scien tist who B. Make advanced assign -

experim ented  with m ents fo r  students to w ork

alum inum : in p a irs  or  team s to

1. S ir Humphry Davy re se a rch  these m en and
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2. Hans C hristian  

O ersted

3. F re d e r ich  W ohler

4. S a in te -C la ire  

D eV ille .

C. The m odern  alum inum  

p ro ce s s  d iscov ered  by- 

Hall and H eroult.

D. C harles M artin H all's  

w ork:

1. A  student in O ber- 

lin  C ollege  when 

he becam e in te r 

ested  in alum inum .

2. E xperim enting at 

hom e.

3. D is co v e ry  o f the 

m odern  p ro c e s s .

to m ake a b r ie f  rep ort to 

the c la ss  about their w ork  

with alum inum .

i
C. S im ilarity  in life  and w ork . 

Heroult* s w ork  confined to 

E urope.

D. F or  extra cred it, student 

to read: Junius E dw ards, 

The Im m orta l W oodshed, 

Dodd, M ead and Com pany, 

N . Y . ,  1955.

A condensed pam phlet 

giving the highlights o f 

h is life  and w ork s:

L eonard  M. Fanning, 

C harles M artin  H all,

Father o f the Alum inum

Industry. D istributed  by 

A lum inum  Com pany o f

A m e r ica , P ittsburgh, Pa
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E. The A lcoa  P eriod . E. C lass d iscu ss ion  o f  A lcoa .

1. The founding o f 1. L ocating  b a ck ers

A lcoa . (Hunt and oth ers), 

establish ing the P itts 

burgh R eduction C om 

pany, nam e changed to 

A lcoa  in 1907. Form*- 

ed on capital o f 

$20, 000. 00.

2. Growth through: 2.

a. Expanding a. M arkets had to be

m arkets m ade sin ce there 

w ere  none to start 

with. Sold a lum i

num w ire  when 

there w ere  no fa 

c ilit ie s  to produce 

it.

b. Expanding b. Show how the f ir s t

fa c ilit ie s sm all plant start-

ed and others fo l 

low ed. L et stu

dents do this as a
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Reducing the

part o f book r e 

ports  fo r  outside 

assignm ents, 

c. Show the p r ice  of

p r ice  o f alum inum  fo r  the

alum inum . years 1888-1941.

-
Have students dis 

cuss the a ffect o f

this p o licy .

F . H istory  o f alum inum  F , A docum entary film  about

in m edia fo rm . the h is tory  o f alum inum ,

Unfinished R ainbow s, 

W ilding P ictu res  P rod u c

tions, 1941. A va ilab le  

fro m  A lcoa  F ilm  L ib ra ry .

II. A lum inum  and Our S ociety

O b jective . - -T o  determ ine how the alum inum  industry has grown 

into and a ffects  our socie ty  through production  and consum er

p rodu cts. '

TOPIC ACTIVITIES

A. The A lcoa  P er iod : A . Use c la ss  d iscu ss ion  and

1888 through 1940: rep orts .



1. The grow th o f 

A lcoa

2. 1 The grow th o f

m arkets

3. C om petition

4. The m onopoly  

question

5. P r ic e  p o licy .

W orld  W ar II and the B.

1940 's:

1. The a ffect o f

W orld  W ar II and 

the advancing 

technology  on the

1. F ro m  founding to a 

m a jo r  industry.

2. F ro m  an experim en 

te r 's  item  to m ore  

than 4, 000 app lica 

tions.

3. P u blic  acceptan ce 

and com petition  fro m  

other m eta ls .

4. A lco a  had not abused 

its ' p osition  as a 

m onopoly .

5. A p o licy  to se ll alum i 

num at the cheapest 

p oss ib le  p r ice  caused 

the industry to grow .

C lass d iscu ss ion  using

team  assignm ents.

1. Caused a demand fo r  

alum inum  that the 

industry could not 

m eet by itse lf .

industry.
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2. Growth in p r o 

d u cers  and in 

production : ,

a. G overnm ent 

built plants 

and p o licy

b. E ntry o f 

R eynolds and 

K a iser  A lu m i

num.

c. P o s t  w ar slump 

in production .

3. C om petition  in the 

industry:

a. D om ination o f 

A lcoa

b. P r ic e  o f 

alum inum .

4. L ocation  o f the 

in dustries

a. G overnm ent owned: 

A lcoa  operated ; to 

be sold , after the 

w ar, to others at a 

reduced  p r ice .

b. R eynolds in 1941; 

K a iser  in 1946.

2.

4. The "alum inum  fo llow s 

p ow er" concept.

plants.
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C. The 1950 's:

1. E ntry o f three 

m ore  p rim ary  

alum inum  

p rod u cers ,

2. P rodu ction  

in c re a se s .

3. C om petition:

a. A lc o a 1 s p o s i

tion in le a d e r 

ship

b. M ore  p rod u c

e rs .

c. With other 

m eta ls .

4. L ocation  o f the 

industry.

2. P rodu ction  o f a lum i

num su rpasses that o f 

cop per in 1954.

3.

a. Although A lcoa  is  

still the lead er, its 

pércentage o f lead 

ersh ip  is not as 

great.

4. New areas opening in 

the N orthw est.
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D. The 1960! s:

1. E ntry o f five  m ore  

p rim ary  alum inum  

p rod u cers .

2* Expanding num ber 

o f alum inum  m ills .

3. In creased  p rod u c

tion in a lm ost all 

a reas.

4. E ffe ct  o f these in 

cre a se s  on com p eti

tion.

5. The a ffect o f the 

national econom y 

on the industry.

6. The loca tion  of 

sm e lte rs , in te r - 

graded plants and

5. A d ep ressed  econ om y 

resu lted  in a d ecrea se  

in produ ction  in many 

areas and an inflated 

econ om y caused an in 

c re a se  in p r ice  o f alu

m inum  and alum inum  

p rodu cts .

m ills .
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E. The United States alu

m inum  industry in r e 

lationship to w o r ld 

w ide produ ction  o f 

alum inum .

III. The T ech nology  o f Alum inum

O bjective . - -T o  exp lore  and determ ine the b a sic  technology o f 

alum inum  through c la ss ro o m  d iscu ss ion , outside readings and 

re se a rch  and la b ora tory  experim en ts.

TOPIC ACTIVITIES

A. Advantages o f alum i- A . L abora tory  experim ents

num: and c la ss  d iscu ss ion s .

Light w eightness i . C om pare with steel 

and copper by volum e. 

D iscu ss  how this can 

be an advantage.

C o rro s io n 2. C om pare with other

resistan t m etals and d iscu ss 

w here this advan

tage is  an asset.

T herm al con  3. C om pare with other

ductivity. com m on m eta ls .

E. D iscu ss ion  continued. 

W orld  lea d er.
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4. E le c tr ica l 4. C om pare with other

conductivity. m eta ls and d iscu ss 

how alum inum  can 

com pete with copper 

as a conductor.

B. Alum inum  in nature. B. D iscu ss : n ever found in 

pure state; per cent o f 

earth 1 s cru st that is  alu

m inum ; always a lloyed  

with other e lem ents.

C. P rob lem s encou nter C. Use a very  b r ie f  d is cu s 

ed in sm elting. sion on the p rob lem s 

encountered in using 

d ire c t  heat or  an e le c t r o 

ly s is  o f an aqueous solution 

m ethod.

D. The m odern  sm elting D. A  m ore  detailed  d iscu ssion

p r o c e s s : using d iagram s, drawings

1. The B ayer or  p ictu res  to show the

p r o c e s s , con  steps in the p ro c e s s . A

verting bauxite good sim ple d iagram  is in

into alum ina. the pam phlet d istributed  by

Alum inum  Com pany o f
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E. M ill P r o c e s s e s .

A m er ica : Leonard M. 

Fanning, C harles M artin 

H all, Father o f the A lum i- 

num Industry.

E. F org in g s ; castin gs; ex tru s

ion s; sheet, plate and strip ; 

and w ire . D iscu ss 

exam ples.

F . L abora tory  e x p er i- F . In addition to those listed

m ents: in nA n above:

1. C astings 1. Make sand and p erm a

nent castings using 

alum inum. F or in - 

depth study vary  the 

a lloy  content fo r  

com p arison .

2. M achine shop 2. Lathe and m ill m achine

p r o c e s s e s w ork  to make usefu l 

o b je cts .

3. Sheet m etal 3. R iveting and bending

p r o c e s s e s p r o c e s s e s .

4. Spinning p ro - 4. Spin d isc  into bow ls

c e s s e s . or  other ob je cts .
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5. C raft p ro ce s s e s  5.

a. F o il fo r  tooling 

p ictu res .

b. Hand shape and 

design serving 

p ie ce s , etc.

In- depth study: 6. F or  advanced w ork

a. H eat-treating use in -depth  study

b. TIG w elding

c. Use o f fo ils  in c. Make e le c tr ic a l

applications com ponents as:

tra n s fo rm ers , 

e le c tro -  m agnetic s 

or  c o ils , capaci*- 

to rs .

7. F ie ld  trips to 

plants or  m ills  

that p ro ce s s

aluminum,



APPEN DIX

G lossa ry

A lco a - - the abbreviation  fo r  A lum inum  Com pany o f A m er ica . 

They are now synonymous*

A lum ina- - alum inum  hydroxide, re sem b les  pow dered  sugar.

A nnode- - a p re -b ak ed  or p re sse d  carbon  cy lin der varying in 

s ize  and num ber that is  the p ositive  (+) term inal in a ce ll .

A . C. S. R . C a b le - -a lum inum  co n d u cto r -s te e l re in fo rced  cable 

used as e le c tr ic a l tra n sm ission  line.

Bath- - the m olten  cry o lite  in a pot. M ay contain 6 -10  per cent 

alum ina and 5 p er cent ca lc iu m  flou ride  fr o m  im p u rities . The 

operating tem perature is  betw een 950°C . to 1 ,0 0 0 ° C.

B ayer P r o c e s s ^ -a  p ro ce s s  used to con vert bauxite into alum ina. 

D eveloped  by the G erm an scien tist, B ayer.

Bauxite - - a hydrated alum inum  oxide with ox ides o f iron , s ilicon , 

and titanium . P re fe r r e d  grades contain 55 p er cent or  m ore  alumina 

and a m axim um  o f 7 per cent s ilica . Name is  d erived  fro m  LeB auex, 

F ra n ce ; a sou rce  o f high grade bauxite.

C arbon E le c tro d e s --th e  anode or  cathode o f a ce ll  m ade fro m

97
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p etro leu m , coke o r  pitch.

Cathode - -  the p re -b ak ed  o r  p re sse d  lining that is  the negative 

pole  fo r  a ce ll .

C ooling  T ow er- - a  unit used in the B ayer P rocess ; used to co o l 

the m ateria l a fter it leaves the filte r  p re s s .

C r y o lit e - -a  double flou ride  o f sodium  and alum inum  (3NaF. A IF ^) 

contains 60 per cent sodium  flou ride  and 40 per cent alum inum  flou ride
l

by w eight. A G reenland m in era l o f icy  appearance.

D r o s s - -the sk im  that fo rm s  on the m olten  m etal.

D ig este r - - a unit used in the B ayer P r o c e s s  w here the m ateria ls  

p assed  fro m  the m ixer  are heated with steam  under p re ssu re  to d is 

solve  the alum inum  hydroxide.

E le c tro ly t ic  R ed u ction --the p ro ce s s  that separates a m etal from  

its ox ide. A d ire c t  e le c tr ic a l current is  passed  through the o re . The 

heat generated  causes it to m elt and the e le c tro ly t ic  p ro ce s s  separates 

the m etal fro m  the oxygen.

E xtru sion  P r e s s - -a  p ress  that fo r c e s  heated alum inum  through 

a die opening to fo rm  the shape o f the die.

F ilte r  P r e s s - -a  unit used in the B ayer P r o c e s s  that re ce iv e s  

the m ateria ls  fro m  the m ix er . H ere the so lid  and im pu rities (a red 

mud) are  filte re d  out.

F o il--w h e n  alum inum  sheet is  ro lled  to a th ickness o f . 006

inch or le s s .
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H alFs P r o c e s s a tile reduction  o f alum inum  by passing  a cu rren t 

through alum ina d isso lv ed  in a bath o f c ry o lite .

Ingot A lum inum - - the b a s ic  fo rm  o f p r im a ry  alum inum  that com es 

fro m  the pot and has been treated  and adjusted to a sp e c ific  ch em ica l 

com p osition . The m etal is  blended to thè requ ired  com p osition , 

fluxed, skim m ed and poured into ingot b a rs .

In tergra ted  P la n t --on e  w hich contains units to refine and m ill 

m eta ls in a continuing p r o c e s s .

M ix e r - - a  unit used in the B ayer P r o c e s s  w here the crushed  

bauxite, lim e , soda, ash and hot w ater are m ixed  and p assed  to the 

d ig ester .

P ig  A lum inum - - alum inum  as it com es fro m  the pot and con 

tains som e d ross  and e le ctro ly te .

P ot- - an e le c tr ic a l c e ll  used in the reduction  o f alum inum . It 

is  rectangular shaped and lined with carbon  that acts as the cathode.

P ot lin e - - a  row  of up to one hundred pots or  c e lls  connected  

in s e r ie s . C onsum es 100, 000 am ps, at 5 V. D. C.

P r im a ry  A lum inum - - the m etal in ingot alum inum  and is  

usually  99 -99 . 6 p er cent pure.

Rotating C alcin ing K iln s - -u sed  in the B ayer P r o c e s s  to dry  

the alum ina; op era tes  at 1, 800° F .

Secondary A lu m in u m --u su ally  scrap  alum inum  that m ay 

contain other elem ents o r  a lloys . It is  usually  used to make a lloys .
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Seed C h arge--th e  alum ina induced in the p rec ip ita tor  tank to 

start the liquid alum ina to p recip ita te .

Sheet- - when the plate has been reduced  to a th ickness of 

. 249 in ch es.

W ashing T h ick en er- - a  unit in the B ayer P r o c e s s  that w ashes 

and thickens the alum inum  hydroxide.

j
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Alum inum  Chronology-

1886 C harles M artin Hall d isco v e re d  e le c tro ly t ic  p ro ce s s  fo r

the reduction  o f m eta llic  alum inum  fro m  alum inum  oxide, 

thus m aking p oss ib le  econ om ic co m m e rc ia l production  

o f alum inum .

1888 P ittsburgh  A lum inum  Com pany founded by C harles M artin  

Hall, Captain A lfred  Hunt and other P ittsburgh in du stria l

is ts . Name o f the firm  changed two w eeks later to The 

P ittsburgh R eduction  Com pany.

W orld 1 s f ir s t  co m m e rc ia l alum inum  ingot poured by 

C harles M artin  Hall and Arthur Vining D avis on 

Thanksgiving Day, using the Hall P r o c e s s .

1889 F ir s t  alum inum  cooking utensil (a tea kettle) m anufactured.

1890 E le c tr ica l conductor (EC) grade a lloys developed .

1892 P rod u ced  f ir s t  ro lled  alum inum  sheet and plate.

P ittsburgh  R eduction  Com pany becam e f ir s t  u ser  o f h yd ro 

e le c tr ic  pow er fo r  the produ ction  o f p rim a ry  alum inum  and 

f ir s t  industria l u ser  o f N iagara F a lls  h y d ro e le c tr ic  pow er. 

Sm all, alum inum  portab le  boat used on expedition  into 

E gypt1 s N ile V alley .

1894 A lum inum  parts fo r  b icy c le  fra m es . F ir s t  use o f alum inum

pigm ents in paint.
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1895

1896

1897

1898 

1901

1903

1904

1905

1906

F ir s t  co m m e rc ia l installation  o f e le c tr ic a l bus bar m ade o f 

alum inum .

F irs t  dividend paid to P ittsburgh R eduction  C om pany's 

sh areh olders .

F ir s t  alum inum  p leasu re  boat.

A lum inum  canteens and tent pegs f ir s t  used by the U .S . 

A rm y.

Alum inum  w ire  f ir s t  used as e le c tr ic a l conductor.

F ir s t  arch itectu ra l use o f alum inum  sheet on roo f cupola 

o f the St. G ioacch ino Church in R om e.

A lum inum  conductor f ir s t  used in overland  e le c tr ic  pow er 

tra n sm ission  line.

F irs t  alum inum  ja r  c lo s u re s .

A lum inum  sheet used in autom obile b od ies .

The A lum inum  C ooking U tensil Com pany organ ized  as a 

w holly  owned subsid iary  o f A lcoa , to m anufacture " f f e a r -  

E ver" cook w are.

Supplied alum inum  parts fo r  use in the W right B roth ers ' 

a irp lane.

F ir s t  alum inum  extruded shape produ ced .

P anels m ade o f alum inum  sheet f ir s t  used on street ca rs . 

F ir s t  co m m e rc ia l production  o f cast alum inum  parts fo r  

autom obile engines.
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1907

1909

1910

1913

1915

1916

1917

1918

1919

1920

1921

The P ittsburgh  R eduction  Com pany renam ed A lum inum  

Com pany o f A m e r ica  (A lcoa ).

D evelopm ent o f ACSR (alum inum  conductor, stee l re in 

fo rced ) fo r  high voltage tran sm ission  lin es .

A lum inum  fo il ro lled  co m m e rc ia lly  fo r  the f ir s t  tim e. 

Introduction  of alum inum  paint fo r  co m m e rc ia l use. 

F ir s t  co m m e rc ia l use o f fo il  packaging.

A lum inum  perm anent m old  autom obile p istons in tro 

duced.

H eat-treatable  alum inum  alloys fo r  w rought a p p lica 

tions developed .

E xtensive use o f  alum inum  castings in fam ous L iberty  

engine fo r  W orld  W ar I m ilita ry  a ircra ft .

E stablishm ent o f A lc o a 's  fo rm a l alum inum  re se a rch  

organ ization , now known as A lcoa  R esea rch  L a b ora 

to r ie s .

F ir s t  use o f alum inum  sheet fo r  airplane fuselage and 

wing skin.

H eat-treatable  alum inum  a lloys fo r  forg in gs and sheet 

developed .

Introduction o f alum inum  co lla p sib le  tubes.

F ir s t  alum inum -skinned a irp lane, C O -1 observation

a ircra ft .
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1922

1923

1925

1926

1927

1928

1929

1930

Alum inum  furniture f ir s t  m anufactured.

Patent filed  by A lcoa  R esea rch  L a b ora tor ies  fo r  co lor in g  

alum inum  by using dyes with anodized coatings. 

H igh-strength  alum inum  a lloys f ir s t  used in structural 

m em b ers  o f ra ilroa d  ro llin g  stock*

A lum inum  Com pany o f A m e r ica  re in corp ora ted  by 

m e rg e r  with Canadian M anufacturing and D evelopm ent 

Com pany.

A lum inum  fo il  insulation introduced .

A lcla d  sheet developed , using a d iss im ila r  alum inum  

a lloy  cladding on alum inum  fo r  su p erior  res is ta n ce  to 

co rro s io n .

A lum inum  truck bod ies  developed .

C o lor  anoid ized  fin ishing in troduced  co m m e rc ia lly  by 

a U. S. p r o c e s s o r .

L arge , ro lled  structu ra l alum inum  shapes m ade 

co m m e rc ia lly  availab le.

A nod ized  alum inum  spandrels f ir s t  used, on the K oppers 

Building in P ittsburgh , P e n n sy lv a n ia .

F ir s t  extensive use o f alum inum  in arch itectu ra l appli

cations. E m p ire  State Building, New Y ork  City, New 

Y ork .

F ir s t  alum inum  curtain w all, A . O. Smith Building,
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1931

1932

1934

1935 

1942

1951

1953

M ilw aukee, W iscon sin .

D evelopm ent o f alum inum  cop per a lloy  2024 with sub

stantially g rea ter strength than Duralum in (the w idely  

used  G erm an a ir c ra ft  a lloy ). The new a lloy  becam e 

the p rim ary  a ircra ft  m ateria l during W orld  W ar II. 

Introduced the sealing p ro ce s s  fo r  anodic coatings. 

A lum inum  household  fo il  in troduced .

A lum inum  used  exten sively  in f ir s t  stream lined  train  

in the U. S.

D evelopm ent o f DC (D irect  Chill) ingot casting p r o c e s s . 

D evelopm ent o f A lcoa  Com bination P r o c e s s  fo r  p rod u c

tion o f alum ina fro m  low -g ra d e  bauxite o re .

Natural gas f ir s t  used as fuel fo r  generating e le c tr ic  

pow er to produ ce  p r im a ry  alum inum .

Beginning o f A lcoa  w artim e p rog ra m  to build and operate 

ov er  20 alum inum  sm elters  and fabricatin g  plants fo r  the 

U. S. G overnm ent.

Inert gas, shielded a rc  w elding introduced  fo r  alum inum  

a lloys .

F ir s t  use o f so lid  fuel (lignite) in U. S. to generate pow er 

fo r  an alum inum  sm elter.

C om pletion  o f 3 0 -story  A lcoa  Building in P ittsburgh , 

f ir s t  m u lti-s to ry  o ffic e  building with alum inum  curtain
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w all.

B razed  alum inum  autom obile radiator su ccess fu lly  

fabrica ted .

1959 B a llis tic  alum inum  a rm or plate fo r  m ilita ry  v eh ic le s . 

U ltrason ic w elding o f alum inum  introduced .

1960 A lum inum  rad iator f ir s t  used on m a ss -p rod u ced  U. S. 

autom obile (C orvette  sports ca r ).

Introduction o f  alum inum  strip  conductor fo r  use as 

\ secon dary  windings on d istribution  tra n s fo rm e rs . 

Introduction o f the "co m p o s ite 11 rig id  alum inum  container, 

u tilizing a fo i l - f ib e r  can body and alum inum  ends. 

D evelopm ent o f alum inum  ea sy -op en  can end.

1962 Installed industry*s f ir s t  continuous h eat-treatin g  line

fo r  h igh -stren gth  alum inum  sheet.

1964 P ow d er-m eta llu rg y  fo rged  p iston s.

New flu x less  a lum inu m -a lloy  brazing p r o c e s s . 

H eat-treated  fo rg ed  alum inum  a rm or , perm itting design

o f m ore  e ffic ien t m ilita ry  veh ic les  with rounded contours.
/

1965 A dh esive-bon ded  highway sign system .

A ir - fo r m e d  fo il  p rodu cts.

1966 Safe im pact sign structu re.

F lam e solderin g  fo r  h eat-exch an ger c o ils .
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1967 F ir s t  extensive use o f "a ir -ex p a n d ed " e le c tr ic a l con 

ductor fo r  EHV overhead  tran sm ission  lin es .

Hot batch dip m ethod (A lvanize p ro ce s s )  fo r  coating 

o f fe rro u s  parts with alum inum .

1969 Began operation  o f w o r ld 's  la rg est p rim ary  alum inum

potline, 100,000 tons a year at A lco a , T en n essee. *

* A lcoa , F acts  About A lco a , pp. 14-15 .
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