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LIME, CALCIUM, AND C A L C I U M COMPOUNDS j 

B y A v e r y H . R e e d 1 

I tint- is a m a n u f a c t u r e d p r o d u c t m a d e by 
,!, in i t io l imestone o r o ther h igh-ca lc ium mate-
i,K It is never f o u n d in a natura l state. It is a 

| t ( M ( ( hemica l that is used for m a n y purposes 
m d p r o d u c e d all over the w o r l d . 

I he t e r m " l i m e " is used to descr ibe several 
) u y . s o f the same mater ia l . Q u i c k l i m e is cal-

. i t i n i ox ide , C a O , wi th no water o f crystalliza
t i on H y d r a t e is h y d r a t e d c a l c i u m o x i d e , 
( , i ( O H ) j , w i t h 24 p e r c e n t c o m b i n e d wa te r . 
I v . n l b u r n e d l ime is ca lc ium ox ide , C a O , wh ich 
I,j* been c a l c i n e d at a h i g h e r t e m p e r a t u r e . 
K t l i . u i o r y l i m e is a n o t h e r n a m e f o r d e a d -
I m i n c d l ime. A l l o f these products are cal led 
Utur ( ' ru shed stone used in agr icul ture , agl ime, 
„ |m. i l ly ca l led l ime. 

I be U n i t e d States is one o f the l ead ing l ime-
t . i . K l u t i n g countr ies , accoun t ing for 18 percent 
i . l iht- w o r l d ou tput . I n 1974, l ime p r o d u c t i o n was 
j t r t o i d 21.6 m i l l i o n tons, va lued at $476.6 rnill-

( . i k i u n i metal is manufac tu red i n the U n i t e d 
st.itrs hv one c o m p a n y , in Connec t icu t . 

C a l c i u m c o m b i n e s w i t h o t h e r e l emen t s i n 
n u m v a l u a b l e c a l c i u m c o m p o u n d s . C a l c i u m 
Himt id r , ca l c ium sulfate, ca lc ium phosphate, a n d 
[ d l i i i m i carbonate are discussed in the F luor ine , 
I * I m i n i . Phosphate Rock , a n d Stone chapters, 
i r » | M t l ively. This chapter inc ludes ca lc ium chlo-
t x l i ,unl o i l i e r c o m p o u n d s . 

I N D U S T R Y S T R U C T U R E 

HJU g r o u n d 

1 n i i r has been used since earliest r e c o r d e d 
I M M O I V P r imi t ive m a n learned to p repare plaster 
J " ' t nun tar. S a n d l i m e mor t a r was used th rough-

1 the l . gyp t i an , Greek , a n d R o m a n c iv i l i za -
» » H I % . H H I has persisted ever since. 

I indus t r ia l revolu t ion requ i red large quan-
u , m * " ' l l , m ' for use as a chemica l reagent in 

industr ia l processes, T h e b u i l d i n g indust ry 
' • ( • i i i r i l | i , n c f o r mor t a r a n d plaster. 

- • | i l » t M 4 l v K - n i M , DivKion >>! \<>nm<-ia l l i< Mineral).. 

In the U n i t e d States, the manufacture of l ime 
started i n co lon ia l times. Smal l l imeki lns were 
c o n s t r u c t e d a l l o v e r the eas tern p a r t o f the 
count ry . T h e mor t a r made in colonial times may 
be seen i n the o l d h i s to r i c b u i l d i n g s o f the 
pe r iod . 

A s the c o u n t r y d e v e l o p e d , l a rge l i m e k i l n s 
were bui l t to p r o v i d e l ime for many different 
uses. A s the U n i t e d States grows, so grows the 
l ime indus t ry . 

O r g a n i z a t i o n 

T h e domest ic l ime indust ry is a large, wel l -
integrated indust ry , wi th large plants al l over the 
count ry . M o s t o f the l ime is made a n d sold by 
commerc i a l p roducers . Some o f the large users 
o f l ime make their o w n l ime. T h e l ime p roduc
ers general ly mine their o w n materials. 

L e a d i n g c o m p a n i e s were M a r b l e h e a d L i m e 
C o . , M i s s i s s i p p i L i m e C o . , B e t h l e h e m Stee l 
C o r p . , A l l i e d C h e m i c a l C o r p . , M a r t i n - M a r i e t t a 
Chemica l s , U . S . G y p s u m C o . , U n i t e d States Steel 
C o . , D o w C h e m i c a l C o . , D i a m o n d S h a m r o c k 
C h e m i c a l C o . , a n d Ffizer , Inc. These 10 c o m p a 
nies accounted for 4 1 percent o f the total l ime 
p roduc t ion . 

G e o g r a p h i c D i s t r i b u t i o n 

T h e l ime indust ry is wor ldwide , with p roduc 
t ion p r inc ipa l ly at indus t r ia l centers. T h e U n i t e d 
States is the s e c o n d - l e a d i n g l i m e - p r o d u c i n g 
c o u n t r y , w i t h 18 pe rcen t of the w o r l d to ta l . 
O t h e r l ead ing countr ies were the U . S . S . R . (20 
percent), J a p a n (10 percent), West G e r m a n y (10 
pe rcen t ) , P o l a n d (7 pe rcen t ) , a n d F r a n c e (5 
percent). 

In the U n i t e d States, l ime was p r o d u c e d in 41 
States. P roduc t i on is largely centered a r o u n d two 
areas—the G r e a t Lakes r eg ion , a n d the G u l f 
Coast area. L e a d i n g States were O h i o , Pennsyl 
vania, M i s s o u r i , Texas , a n d M i c h i g a n . These five 
States accounted for 53 percent o f the total l ime 
output . 
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L i m e was consumed in every State. L e a d i n g 
c o n s u m i n g States were O h i o , Pennsylvania , Ind i 
ana, Texas , M i c h i g a n , I l l inois , a n d N e w Y o r k . 
T h e s e seven States used 63 percent o f the total 
l ime consumed . 

D e f i n i t i o n s 

A l l l ime is p r o d u c e d f rom some f o r m o f the 
mine ra l calcite, C a C 0 3 , o r the minera l do lomi te , 
C a C 0 3 • M g C 0 3 . T h e commones t f o r m o f cal
ci te u sed is l imes tone , a l t h o u g h oyster she l l , 
marble , aragonite, o r coral may be used. 

W h e n calcite is heated to about 2 ,000° F, it 
breaks d o w n into qu ick l ime a n d ca rbon d iox ide . 
T h e ca rbon d iox ide , C 0 2 , goes o f f as a gas, a n d 
the qu ick l ime , C a O , remains. I f the tempera ture 
were raised to 3 ,000° F, the qu ick l ime is "dead-
bu rned , " no longer reactive wi th water, a n d very 
refractory. Dolomi te is usually used to p roduce 
refractories. 

Q u i c k l i m e reacts w i th water to p r o d u c e hy
drate C a O • H z O , o r C a ( O H ) 2 . H y d r a t e absorbs 
c a r b o n d i o x i d e f r o m the a i r a n d r e t u r n s to 
ca lc ium carbonate. T h u s , the process is reversi
ble: calcite plus heat = qu ick l ime , plus water = 
hydrate, plus a i r = calcite. O r , C a C 0 3 + heat = 
C a O ; + H 2 0 = C a ( O H ) 2 ; + C 0 2 = C a C 0 3 . 
T h i s process is demons t r a t ed by the g r a d u a l 
h a r d e n i n g o f plaster. 

Hydra t e , o r ca l c ium hyd rox ide , the d ry , white 
powder , may be used as a paste o r putty, as a 
s lurry , o r as " m i l k o f l ime ." H y d r a t i o n is the 
process o f con t ro l l ed r a p i d add i t i on o f water. 
H y d r a t e may be "regenerated" by d r y i n g a n d 
heat ing, to p r o d u c e q u i c k l i m e again. T h e cal 
c i u m carbonate sludge o r byproduc t f rom c h e m 
ica l p l a n t s m a y be r e g e n e r a t e d to p r o d u c e 
qu ick l ime . 

U S E S 

L i m e was consumed i n every State i n 1974. 
L e a d i n g c o n s u m i n g States were O h i o , Pennsylva
n i a , I n d i a n a , T e x a s , M i c h i g a n , a n d I l l i n o i s . 
These six States, each o f w h i c h c o n s u m e d m o r e 
than 1 m i l l i o n tons, accounted for 58 percent o f 
the total l ime consumed . 

L e a d i n g q u i c k l i m e - c o n s u m i n g States w e r e 
O h i o , Pennsylvania , Ind iana , M i c h i g a n , T e x a s , 
a n d I l l inois . T h e s e six States c o n s u m e d m o r e 
than 1 m i l l i o n tons each a n d accounted for 59 
percent o f the total qu ick l ime c o n s u m e d . 

L e a d i n g h y d r a t e - c o n s u m i n g States w e r e 
Texas , Pennsylvania , O h i o , I l l inois, a n d L o u i s i 
a n a , e a c h o f w h i c h c o n s u m e d m o r e t h a n 
100,000 tons. These five States accounted for 52 
percent o f the total hydrate consumed . 

Table 1.—World Lime production and capacity, 1973 
(Thousand short ions) 

Production Capacity 

North America: 
Canada 1,891 2.0O) 
United States 21,132 25.000 
Other 379 500 

Total 23,402 27.500 

South America: 
Brazil 2.200 2.500 
Colombia ._ _ 1,100 1.500 
Other 92 100 

Total 3.392 4,100 

Europe: 
"~ : —— 

Austria 874 1.100 
Belgium 3.770 4.000 
Bulgaria 1.026 1.100 
Czechoslovakia 2.904 3.000 
France 5,461 6000 
Germany, East 3.339 4,000 
Germany, West 12,386 14.000 
Italy 2,478 5.000 
Poland 8.483 9 000 
Romania 2.858 3,000 
U.S.S.R. 24.000 25 000 
Yugoslavia 2.061 t.200 
Other 3.197 5.000 

Total 72.837 81.400 

Africa: 
South Africa. Republic of . . . 1.460 1.500 
Otner 772 800 

Total 2,232 2.300 

Asia: 
Japan 13,024 15000 
Iran 1,100 1.200 
Other 1.357 1,400 

Total 15.481 17.600 

Oceania 853 600 

Grand total 118.197 103.500 

L i m e sold by p roduce r s was used for chcni i 
cals (81 p e r c e n t ) , c o n s t r u c t i o n (10 percent) , 
refractories (8 percent), a n d agr icu l ture (1 l * " ' ^ 
cent). Capt ive l ime used bv p roduce r s was 
percent o f the total, c o m p a r e d wi th 32 p e n * " 1 

i n 1973 a n d 34 percent in 1972. Capt ive htn* 
was used main ly for alkalies, (37 percent). H ( 

steel furnaces (24 percent), a n d sugar re lnuml . 
(10 percent). 

L e a d i n g i nd iv idua l uses were B O F steel I" ' 
naces, alkalies, water p u r i f i c a t i o n , refractoric 
a n d paper a n d p u l p , w h i c h together a c c o u " " * 
for 63 percent o f the total c o n s u m p t i o n . 

L i m e f o r c h e m i c a l a n d i n d u s t r i a l use J 
creased 4 percent to a r e c o r d 18.8 m i l l i o n 
L i m e for refractory do lomi t e increased - 1 
cent. L i m e for cons t ruc t ion decreased 9 f x ' )

, l t . 
a n d l ime used in agr icu l ture dec l ined ' - - I 

c e n L . O h * ' 
L e a d i n g States for f in i sh ing l ime were _ 

(41 percent), N e v a d a (23 percent), a n d M i * * ' ' 
(18 percent). T h e l e a d i n g States for mason 
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•ere Pennsylvania (21 percent), Wiscons in , a n d 
O h i o (13 percent) . L i m e for soil stabilization was 

^•d in Texas , which consumed 68 percent o f 
(he total, a n d o ther States. 

l e a d i n g States for l ime used in ag r i cu l tu re 
•ere Pennsy lvan ia (34 percent), M a r y l a n d (21 
K>reent), a n d V i r g i n i a (11 p e r c e n t ) . D e a d -

burned do lomi te was used in O h i o (58 percent), 
iVnnsv lvan ia (17 percent), I l l inois (10 percent), 

i n d other States. 
O f the m a i n chemica l a n d indus t r ia l uses, l ime 

for B O P steel furnaces was consumed in O h i o 
1->7 percent), I n d i a n a (14 percent), Pennsylvania 
, H percent ) , I l l i n o i s (10 percen t ) , a n d o the r 
Si.ites. L i m e for alkalies was used in M i c h i g a n 
,-»-] percent), N e w Y o r k (23 percent), Lou i s i ana 
j | * J percent), a n d o ther States. L i m e for water 
purif icat ion was used i n Mis sou r i (31 percent), 
Pennsy lvan ia (16 percent) , T e x a s (8 percent) , 
Vlabatna (7 percen t ) , a n d o the r States. L i m e 

used for paper a n d p u l p , e x c l u d i n g regenerated 
l ime, was c o n s u m e d in A l a b a m a (36 percent), 
I rxas (14 percent), V i r g i n i a (10 percent), a n d 

other States. L i m e for e lectr ic steel mi l ls was 
i i M - d in M i s s o u r i (16 percent), T e x a s (14 per-
i r n l ) , Pennsylvania (14 percent), O h i o (12 per
cent), a n d o ther States. 

R E S E R V E S - R E S O U R C E S 

L i m e IS m a d e f r o m a variety o f ca lcareous 
materials? such as l imestone, marble , do lomi te , 
t l i r l l , cora l , aragoni te , o r by p roduc t s ludge f rom 
i u | K ' r mil ls , ca rb ide plants, o r o ther indus t r ia l 
plants. 

Resources o f these • materials are p lent i fu l al l 
ovci the w o r l d in vast deposits. 

T E C H N O L O G Y 

I . inic is a manufac tu red p n x l u c t p r epa red by 
t a k i n i u g l imestone o r o the r calcareous mater ial . 
Ca lc in ing is p e r f o r m e d in rotary ki lns , vertical or 
thai l kilns, rotary hear th o r "calcimatic" kilns, o r 
Uiiosolids kilns. 

More than three-quarters o f all l ime ou tpu t i n 
l l i r Un i t ed States is p r o d u c e d i n rotary ki lns . 
1 h i \ is a long , hor izon ta l , ro ta t ing cy l inder , with 

law material en t e r ing at one e n d a n d fuel at the 
other. The stone, C a C 0 3 , is heated to about 
IMMXf I and the ca rbon d iox ide , C O a , is d r i v e n 
"It as a gas w i t h the s tack gas . T h e s o l i d 
ptodurt , qu i ck l ime , C a O , is recovered at the e n d 
"1 the k i ln . 

»i*rtical kilns are short, wide , vertical cy l inders 
l l " " l with refractory materials. Stone a n d fuels 

t*d in at the top a n d qu ick l ime is d r a w n o f f 
the l x ) i i o m . 

C A L C I U M C O M P O U N D S 6 1 3 

Calc imat ic ki lns use a slowly revo lv ing hear th. 
S t o n e is p l a c e d o n the h e a r t h a n d r o t a t e d 
t h r o u g h a heat ing chamber . 

In the f l u o s o l i d s k i l n , f i n e - s i z e d s tone is 
d r o p p e d t h r o u g h o r s u s p e n d e d i n a ver t ica l 
heated chamber . 

T h e q u i c k l i m e p r o d u c e d in these ki lns may 
e i ther be hydra t ed o r marke t ed as q u i c k l i m e . 
Hydra t e is p r o d u c e d as a dry , white p o w d e r by 
a d d i n g water slowly to g r o u n d qu ick l ime i n a 
vessel k n o w n as a hydra tor , wh ich mixes a n d 
agitates the l ime a n d water. 

S U P P L Y - D E M A N D R E L A T I O N S H I P S 

W o r l d o u t p u t o f l i m e i n 1974 increased 3 
percent to 121.6 m i l l i o n tons. Domestic p roduc
t ion increased 2 percent to 21.6 m i l l i o n - t o n s . 
T h e U n i t e d States p r o d u c e d 18 percent o f the 
total. 

W o r l d p r o d u c t i o n o f l ime has r anged f r o m 
83.1 to 121.6 m i l l i o n tons a n d averaged 102.1 
m i l l i o n tons d u r i n g the last 10 years. Domest ic 
ou tpu t d u r i n g the same per iod has ranged f rom 
16.8 to 21.6 m i l l i o n tons a n d ave raged 19.4 
m i l l i o n tons. D u r i n g the last decade the U n i t e d 
States averaged 19 percent o f the w o r l d p roduc
t ion. 

I m p o r t s o f l i m e d u r i n g the last 10 years , 
m a i n l y f r o m C a n a d a , r a n g e d f r o m 73 ,000 to 
416 ,000 tons a n d averaged 221,000 tons. I m 
ports averaged 1 percent o f domest ic supp ly . 
L i m e e x p o r t s ave raged o n l y 50 ,000 tons pe r 
year. 

B Y P R O D U C T S A N D C O P R O D U C T S 

Some plants recover a n d use carbon d iox ide 
as a byp roduc t f r o m a l imek i ln . Mos t o f these 
are at sugar plants. 

E C O N O M I C F A C T O R S A N D P R O B L E M S 

Raw materials used for l ime manufacture are 
re la t ive ly c h e a p . L i m e s t o n e is va lued at o n l y 
$1.60 pe r ton at the quar ry . H o w e v e r , the cost 
of processing is h i g h , a n d the value o f qu ick l ime 
is relatively h i g h . 

L i m e r equ i re s m o r e e n e r g y i n p u t p e r t o n 
than most o ther industr ia l materials. E a c h ton o f 
q u i c k l i m e requires about 7 mi l l ion Btu 's , wh ich 
costs about $3.20 pe r ton o f l ime. C o a l supplies 
about h a l f a n d na tu ra l gas about h a l f o f the 
energy used in ca lc in ing limestone to qu ick l ime . 

T ranspo r t a t i on is a b ig factor in the cost o f 
l ime , and determines the location o f the l ime
kilns. 
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Table 2.—Lime supply-demand relationships, 1965-74 
(Thousand short tons) 

1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 

World production: 
United States 16,089 16,794 18,057 17.985 18.637 20.209 19,747 19.591 20.290 21.132 21.645 
Restofworid 64,515 66,389 6B.013 71,761 75,373 79,087 86,921 90.198 92,233 97,065 99,995 

Total 80,604 83,183 86,070 89,746 94.010 99.296 106.668 109.789 112,523 118,197 121.640 

Componenls of U.S. supply: 
Domestic production 16,089 16,794 1 8,057 17.985 18,637 20,209 1 9,747 19.591 20,290 21,132 21.645 
Imports __ 123 276 152 81 73 184 202 242 248 334 416 
Industry stocks, Jan. 1 1,000 1,000 1,000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1,000 

Total U.S. supply 17,212 18.070 1 9.209 19,066 19,710 21,393 20,949 20.833 21.538 22.466 23.061 
Distribution of U.S. supply: 

Industry stocks, Dec. 31 ___ 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1.000 1.000 
Exports ___ 30 40 60 52 69 51 54 66 . 38 37 32 
Industrial demand 16.182 17.030 18.149 18,014 18,641 20,342 19.695 19,767 20.500 21.429 22.029 

U.S. demand pattern: 
Chemical and industrial 12,333 13,160 14,245 14,527 15.173 16.764 16,870 17.181 17,702 18,428 19,180 
Construction 1,481 1,477 1,512 1,433 1,422 1,532 1.510 1,499 1,586 1.611 1.463 
Refractory 2,168 2,176 2.193 1,880 1,833 1,866 1,373 1,007 1,075 1.250 1,277 
Agriculture 200 217 199 174 213 180 142 80 137 140 109 

Total U.S. demand 16,182 17,030 18.149 18,014 18,641 20,342 19,895 19,767 20,500 21,429 22,029 
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Figure 1.—Supply-demand relationships for lime, 1973. 

T h e a v e r a g e v a l u e p e r t o n o f l i m e has average va lue has gone u p 5 9 pe rcen t . I he 
increased 82 percent i n the last 20 years, f r o m value o f hydra ted l ime averages about $3 more 
$ 1 2 . 1 3 to $ 2 2 . 0 2 . I n the last 10 yea r s , the pe r ton than qu ick l ime . A l so , the value o f dead-
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Figure 2.—World lime production 1954-74. 

burned refractory l ime averages about $4 m o r e 
JKT ton than o the r q u i c k l i m e . 

In recent years, m a n y l imeki lns have closed 
rather than install expensive an t ipo l lu t ion equ ip 
ment. O t h e r plants, especially new ones, have 
compl ied wi th a i r po l lu t ion regulations. 

1950 1954 1960 

INCLUDES AGRICULTURE 

1965 1970 1974 

BUREAU OF MINES 
U. S. DEPARTMENT OF THE INTERIOR 

Figure 3.—Lime consumption in the United States by use, 
1954-74. 

Table 3.—Time-price relationship for lime 

O U T L O O K 

D e m a n d 

The U . S . d e m a n d for l ime i n 2000 is esti
mated at 32 ,200 ,000 tons to 44 ,600 ,000 tons, 
with a p robab le d e m a n d o f 43 ,300,000 tons, ah 
annual g r o w t h rate o f 2.6 percent . 

In the rest o f the w o r l d , d e m a n d s h o u l d 
parallel the condi t ions i n the U n i t e d States, a n d 
.) comparable rate o f g r o w t h o f l ime d e m a n d is 
forecast. A c c o r d i n g l y , res t -of-world d e m a n d i n 
-"()() is forecast to range f rom 146 m i l l i o n tons 
hi 203 m i l l i o n tons, with a probable d e m a n d o f 
l',<> m i l l i o n tons for an annua l g rowth rate o f 
2.6 percent. 

Forecasts o f U n i t e d States a n d res t -of-world 
demand for l ime i n 1985 a n d 2000 are s u m m a 
rized in table 4. Forecasts o f domest ic d e m a n d 
b} end use are s u m m a r i z e d in table 5. 

Y e a r 
Average annual price, dollars per short ton 

Actual prices Constant 1973 dollars 

1955 12.13 20.59 
1956 12,63 21,07 
1957 13.17 20.84 
1956 13.16 20.31 
1959 13.13 19.92 
1960 13.35 19.96 
1961 13.39 19.75 
1962 13.58 19.80 
1963 13.73 19.75 
1964 13.87 19.67 
1965 13.87 19.32 
1966 13.27 17.98 
1967 13 42 17.61 
1968 13.39 16 88 
1969 13.94 16.78 
1970 14.53 16.59 
1971 15.78 - 17.23 
1972 16.78 17 72 
1973 17.42 17.42 
1974 22.02 19.97 
1975 24.30 22.04 

Chemical and Industrial.—The forecast base o f 
35.8 m i l l i o n tons was de r ived by relat ing c h e m i -
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Table 4.—Summary of forecasts of U.S. and rest-of-world lime demand, 1973-2000 
(Thousand short tons) 

United States: 
Total 21,429 32,200 44,600 29,300 43,300 2,6 
Cumulative 719,000 865,000 306,000 849.000 

Rest of the world: 
Total _ 97,391 146,000 203,000 133.000 196,000 2.6 
Cumulative ___ 3.270,000 3,930,000 1,390,000 3,860,000 

World: 
Total 118,820 178,200 247,600 162,300 239,300 2.6 
Cumulative ._ 3,989.000 4,795.000 1,696,000 4,709,000 

Table 5.—Projections and forecasts for U.S. lime demand by end use, 1973 and 2000 
(Thousand short tons) 

1973 

Forecast 
base 

Contingency forecasts for United States 

Forecast range 

Low High 
Probable 

Chemical and industrial 18,428 
Construction 1,611 
Refractory 1,250 
Agriculture 140 

Total - 21,429 

35,760 
2,430 

420 
70 

30,000 
2,000 

100 
100 

40,000 
4,000 

400 
200 

32,200 44,600 

40,000 
3,000 

200 
100 

43,300 

cal a n d indus t r ia l l ime d e m a n d to popu l a t i on 
growth . Howeve r , g rowth o f the use o f l ime i n 
steel mills has e x p a n d e d at a h ighe r rate than 
popu la t ion , a n d a h i g h forecast o f 40 .0 m i l l i o n 
tons is projected. A low forecast o f 30.0 m i l l i o n 
tons is based o n the possible use o f substitutes 
a n d to the d e v e l o p m e n t o f new meta l lu rg ica l 
processes that may requi re less l ime . Because o f 
the potential g rowth o f l ime use i n new proc
esses such as sulfur r emova l f r om air a n d water 
pollutants, the probable d e m a n d is selected as 
the h i g h , 40.0 m i l l i o n tons. 

Construction.—The 1973 d e m a n d for l ime i n 
construct ion was related to the g rowth rate o f 
new construct ion to obtain a forecast base o f 2.4 
m i l l i o n tons . H o w e v e r , the use o f l i m e f o r 
plaster a n d mor ta r has been steadily dec l in ing . 
L i m e for soil stabilization has shown increas ing 
g r o w t h . B a l a n c i n g these factors, the forecast 
r ange is pro jec ted at 2.0 to 4.0 m i l l i o n tons. 
Probable d e m a n d is est imated to lie between, at 
3.0 m i l l i o n tons. 

Refractory.—Demand for refractory do lomi t e 
has been steadily d e c l i n i n g due to the phas ing 
ou t o f the open-hea r th steel furnace . B y the 
year 2000, most o f these furnaces wi l l be closed. 
T h u s the forecast range is projected at 100,000 
to 400,000 tons, a n d the probable d e m a n d is 
estimated at 200,000 tons. 

Agriculture.—The use o f l ime i n ag r i cu l tu re 
has not increased substantial ly. S ince c r u s h e d 
l imestone is so m u c h cheaper, the use o f l ime 
has actually decreased. T h e d e m a n d for l ime for 
agr icul ture in 2000 is expected to range between 
100,000 a n d 200 ,000 a n d average 100,000 tons. 

Supply 

S u p p l i e s o f mater ia l s fo r l ime m a n u f a c t u r e 
are vir tual ly u n l i m i t e d th roughou t the w o r l d . I n 
the U n i t e d States, suppl ies are more than ade
quate for any cumula t ive requi rements to 2000. 

Possible Supply-Demand Changes.—Domestic p ro 
d u c t i o n o f l ime i n 1973 was 21,132,000 tons. 
T h e total U . S . d e m a n d for l ime in 1973 was 
21,429,000 tons. T h e r e f o r e , domestic p r o d u c t i o n 
supp l i ed 99 percent o f the total U . S . d e m a n d . 

T h e p r o b a b l e d e m a n d for l i m e i n 2 0 0 0 is 
forecast at 43 .3 m i l l i o n tons . I f the p re sen t 
percentage met f r o m domest ic sources prevails 
at that t ime, U . S . l ime ou tpu t i n 2000 w o u l d be 
42.9 m i l l i o n tons. 

F o r specula t ive pu rposes , table 6 c o m p a r e s 
this s u m to the quant i ty o f domest ic p r o d u c t i o n 
in 2000 as d e r i v e d f r o m a pro jec t ion o f the 
h i s to r ica l t r e n d . A s t ra igh t - l ine p ro j ec t ion o f 
p r o d u c t i o n d u r i n g the past 20 vears suggests 
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Table 6.—Comparison of domestic lime production and 
demand 1954-74, 1985, and 2000 

(Thousand shod Ions) 

Year U.S. 
demand 

Domestic 
production 

1954 8.592 8,629 
1955 10,438 10.480 
1956 10,536 10.577 
1957 10.259 10,274 
1958 9.191 9.211 
1959 12,462 12,500 
1960 , 12,906 12,935 
1961 13.256 13,249 
1962 13.611 13,753 
1963 14.605 14,521 
1964 16,162 16,089 
1965 17,030 16,794 
1966 18,149 18,057 
1967 18,014 17,985 
1968 18.641 18,637 
1969 20,342 20,209 
1970 19,895 19,747 
1971 19,767 1 9.591 
1972 20,500 20,290 
1973 21,429 21.132 
1974' 22,029 21,645 

1985 ' 29,300 3 29,927 
2000 3 43.300 3 40,1 79 

* Estimated. 
1 Preliminary, not used in lorecasts 
1 Probable lorecasts trom table 4. 
3 20-year trend. 

that l ime ou tpu t i n 2000 w o u l d be 40 .2 m i l l i o n 
tons. 

C u m u l a t i v e domest ic requ i rements for l i m e , 
1973-2000, w i l l p robab ly be 849 m i l l i o n tons. 
Domes t i c reserves o f l imes tone are a m p l e to 
meet this projected d e m a n d . 

Little change is foreseen i n w o r l d l ime supply-
d e m a n d relat ionships beyond 2000. 

C A L C I U M 

C a l c i u m metal is p r o d u c e d at four plants, one 
i n Canada , one i n France , one in the U . S . S . R . , 
a n d one at C a n a a n , C o n n . 

A l t h o u g h ca lc ium is the fifth most abundan t 
element, w i th more than 3 percent o f the earth's 
crust, it is never in a natura l state. It is wide ly 
distr ibuted in nature as ca lc ium carbonate, chalk, 
marble, g y p s u m , f luorspar , a n d phosphate rock , 
a n d as a par t o f o ther rocks a n d minera ls . 

C h r o m a s c o C o r p . , at Renf rew, O n t a r i o ; Plant-
W a t t o h m S . A . in F r ance ; a n d Pf ize r , Inc. , i n 
Connect icu t p roduce ca lc ium by a t h e r m a l re
duc t ion m e t h o d cal led the " P i d g e o n process." T o 
make ca lc ium metal , h igh-pur i ty q u i c k l i m e a n d 
commerc ia l ly pu re a l u m i n u m p o w d e r are b r i -
q u e t t e d a n d c h a r g e d i n t o h o r i z o n t a l r e to r t s 
m a d e o f c h r o m e n icke l steel. U n d e r v a c u u m , at 
a temperature o f about 1,200° C , the a l u m i n u m 
reduces the q u i c k l i m e to f o r m a n a l u m i n u m 
ox ide slag a n d ca lc ium vapor . T h i s vapo r crystal
lizes at about 700° C in the condenser section o f 
the retort, w h i c h projects outs ide the furnace 
wal l . 

D e v e l o p m e n t s i n a tomic p o w e r a n d reactor 
t e c h n o l o g y h a v e c r e a t e d a d e m a n d fo r r a r e 
refractory metals such as b e r y l l i u m , z i r c o n i u m , 
t i t an ium, a n d tan ta lum. These metals are sepa
rated f rom their c o m p o u n d s by reduct ion wi th 
c a l c i u m . C a l c i u m is a lso u sed as a r e d u c i n g 
agent i n ferrous meta l lurgy a n d i n the metal
lu rgy o f u r a n i u m a n d t h o r i u m . A s a pur i f ie r , 
c a l c i u m removes sulfur , phosphorus , a n d oxy
gen f rom steel, a n d removes b i smuth , an t imony, 
a n d arsenic f rom lead. A new a n d increas ing use 
is i n the new solid-state s torage bat tery that 
never needs more water. 

A t Canaan , C o n n . , Pf izer purchased a surplus 
magnes ium metal plant f r o m the G o v e r n m e n t 
a n d conver ted it to m a k e ca lc ium metal , us ing 
the same equ ipmen t a n d the same process. T h e 
h igh-pur i ty l imestone for the ca lc ium source is 
p r o d u c e d by P f i z e r i n A d a m s C o u n t y , Mass . 
T h e ca lc ium meta l is cut to var ious sizes a n d 
sealed in 55-gal lon steel d r u m s . Because ca lc ium 
reacts explosively wi th water, releasing hydrogen 
w h i c h ignites, these d r u m s require special han
d l i n g i n sh ipp ing . Pf izer supplies customers a l l 
over the count ry wi th ca l c ium metal . P r o d u c t i o n 
figures are conf ident ia l . 

C A L C I U M C O M P O U N D S 

C a l c i u m c o m b i n e s r ead i ly w i t h m a n y o the r 
elements to f o r m useful c o m p o u n d s . Some o f 
these are f o u n d in thei r na tu ra l state, but many 
others are manufac tu red , f requently as b y p r o d 
ucts. 

C a l c i u m ch lo r ide was p r o d u c e d in Ca l i fo rn i a 
f r o m dry lake beds, a n d i n M i c h i g a n f rom brine 
wells. Synthetic ca lc ium ch lo r ide was recovered 
as a byp roduc t i n N e w Y o r k , O h i o , a n d W a s h 
ing ton . T h e ca lc ium ch lo r ide was used to melt 
snow a n d ice f r o m streets, to keep d o w n dust o n 
roads, a n d as a n accelerator in concrete. 

M a n y o t h e r c a l c i u m c o m p o u n d s were p r o 
d u c e d o r i m p o r t e d , i n c l u d i n g the f o l l o w i n g : 
ca l c ium nitrate, wh i t ing , ca lc ium borate, ca l c ium 
carbide, ca l c ium cyanide, ca lc ium cyanamid , pre
c i p i t a t e d c a l c i u m c a r b o n a t e , d i c a l c i u m phos 
pha te , c a l c i u m h y p o c h l o r i t e , a n d c h l o r i n a t e d 
l ime. 

S O U R C E S O F C U R R E N T I N F O R M A T I O N 
U.S. Bureau of Mines publications: 

Lime. Ch. in Commodity Data Summaries, annual. 
Lime. Ch. in Minerals Yearbook, annual. 
Lime. Reported monthly in Mineral Industry Surveys. 

Other sources: 
Rock Products. 
Pit and Quarry. 
Company annual reports. 
Engineering and Mining Journal. 
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