LIME AND SAND-LIME BRICK.*

By Epwin C. EckEL.

INTRODUCTTON.

Until recently statistics relative to the lime industry were reported
in the volume on Mineral Resources in the chapter on stone, while
the sand-lime brick production was reported in the chapter on clay
products. This practice had grown up quite naturally, as the earlier
statistics on lime were gathered merely incidentally to the collection
of limestone statistics, while the sand-lime brick industry was new
and unimportant. The recent growth of both industries, however
seemed to make it desirable to devote a separate section to lime an
its produets, and accordingly this was done in 1905. This year the
same plan has been followed, but additional material is now pre-
sented relative to certain technologic features of the industries
reported on. This is possible owing to the complete responses made
by individual producers to requests for information as to fuel used,
uses of their lime, and other particulars.

LIME.

PRODUCTION.

The lime output increased from 2,984,100 tons, valued at
$10,941,,680° in 1905 to 3,197,754 tons, valued at $12,480,653, in
1906, an increase of 213,654 tons in quantity and of $1 538 973 in
value. The average ‘Price per ton was $3.67 in 1905 and $3.90
in 1906, an increase of $0.23 per ton.

There was an increase in value per ton in almost every State, the
cause given in almost all cases being increase in cost of fuel and sup-
plies and increase in cost of labor. The figures given represent t
net value of the lime.

The number of lime burners reporting a production in 1906 was
1,012; the number giving complete record of fuel burned was 951.

aThe tables on the production of lime and of sand-lime Dbrick, respectively, were prepared by
Miss A. T. Coons and Miss B, W. Bagley, of this Office,

b Does not include value ($408,548) of limestone burned at sugar refineries and alkali plants, but not
included in the tonnage for 1905,
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Detailed statistics of lime production during 1905 and 1906, by
States, are given in the following table:

Quantity and value of lime burned in the United Stales in 1905 and 1906, by Siates, in

. short tons.
1905. 1906.
State. Average | | Average
Quantity. Value. price per| Quantity.  Value. price per
ton. | ton.
[

AIADATIE. o e sioimmes s st s aas 79,073 | $282,162 3. 65 42, 403 8341, 627 £3.70
Arizong. .. coc.... 5,208 32, 857 6. 15 14,084 06, 470 6. 85
Rrbinei 29, 424 114, 8413 3,90 30, 348 121, 953 4.02
Galtlornia: . cvvimnameim e anion 67, 476 535, 157 7.98 73,941 601, 567 8.19
Coloradu. .. .cwcve- 10, 115 48, 450 4.79 6, 505 32,020 4, 86
Comnpcticat .. oo een e icvvcceenen 70, 558 261, 509 3.71 60, 457 411,853 4. 55
AT s R e 10, 719 63, 950 5.97 18, 362 71,382 3.80
Georgia. . ..... 16, 200 49, 580 3.06 18, 903 72,840 3.85
Idsho. . ........ 3, 694 44,733 6. G8 5,832 39,840 6.72
Hinofs. ... 08, 607 421, 580 4. 26 121,546 534,118 4.30
R i Prra 106, 408 306, 860 3.4 114,819 353, 648 3.08
Indian Territory. ... .l oL 100 (1] . 50 510 3,350 6. 57
e B L 19, 360 V6, 04 3.97 17, 497 78, 366 4. 48
BRI o e e e 2,795 17,242 6. 17 1, 560 10,217 6. 55
a0 B R S S 1, 566 28,303 2.97 9, 784 28,081 2.87
1 R R e e 220, 627 071, 305 4. 40 L 208 | 1,066,275 4. 67
MRS S LT 134, 431 | a6, 247 2.68 127, 863 350, 2.74
Massachusetts 84, 380 295, 326 4,69 119, 267 563, 100 4.7
0 (L Sl o T Mt et 48, 089 192, 844 4.01 281, 465 4.13
MHINDeBOLA. L. i il ciinaeaas 18,077 81, 003 4.27 19,920 03, 6656 4. 70
TR S R LR e et = 186,173 787, 060 4,23 207,334 916, 693 4. 42
MonbaralLl Sl ] 4,073 22, 436 5.51 4,745 k .34
oL T e £ S b SE ] TR D) e L | 150 2, 400 16. 00
New Jersey | 40, 659 16R, 775 4.15 |* 42,714 187,078 4. 40
New Mexlco . . iiici i iossnss | 400 2,625 6. 56 1,790 0,975 5.57
L 4 T R s | 114, 876 490, 845 4.27 114, 620 519, 8o 4. 54
North Carolina. ... ... .. _.... 1,792 7,980 4.45 5, 806 41 7.03
- P i M i e g | 327,373 1, 056, 721 3.23 331,972 1,100,133 3.31
ORMRR 400 4, 000 10. D0 120 1; 12. 50
L TR TS R e R e S S | 7, 586 74,745 0. 48 3.034 32, 8.1
PEROSVIVATIR ok w s 6e o e e 620,018 | 1,672,267 2.70 624,060 | 1,857,754 2.8
et o e T, R RS O | S | 6, 461 42,743 . (52 7, 54, 56e 7.7
South Carolina 7,955 34, 440 4.33 7.134 34,719 4.87
T e 4,165 26, 308 .32 g 23, 6.5
W sy o e SN N LG O 75, 667 252, 908 3.34 83,047 307, 165 3.70
g o e e e I e 31,984 142, 470 4. 45 5 192, 527 4.67
T e S e S B e R . 12,765 : h.41 17,461 86, 518 4.95
NErmMonb oo e e ey 30, 620 188, 621 4.97 32,756 167, 393 8. 11
Phopiula, B S 1= ol Gt 114,221 396, 434 3.47 ; 382,083 3. 66
WEeSHIngton. . .. .. ... 27, 835 160, 985 5.76 50,004 347,024 5.80
West Virginia.................... 104, 156 255, 337 2.45 98, 447 257,333 2.61
[V Lrtarat o D e N s 214, 872 726,071 3.38 225, 633 T69, 808 3. 41
o 0 il o e RN S 262 5 11.83 396 4,265 10.77
MOER) e s 2,084, 100 |a10, 941, 680 3.67 | 3,197,754 | 12, 450, 053 3.90

aNot including value (8408,548) of limestone burned for lime at sugar refineries and alkali plants.

The following table %wes the value of the total lime production in
the United States for the years 1896 to 1906, inclusive:

Vadue of total production of lime in the United States, 1856-1906.

$A R ST R S e e $9, 335, 618
o Lk DN iy T A T R R 9, 255, 882
V8. oo S T S B B0 | B008. . i e i s 9,951, 456
T R Su T Y A e S 10, 941, 680

T M R e T SN O S 12, 480, 653
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USES OF THE LIME PRODUCED IN 1906.

In the following table the total lime production for 1906 is classi-
fied according to the uses for which it was sold, as reported by the
lime manufacturers. This table, though complete, is in far from satis-
factory shape, but at present it does not seem possible to correct it.
The desirable improvements are two: (1) A cﬁxser classification of
the uses to which lime is put, for it will be seen that the table includes
obviously conflicting and duplicate uses, and (2) an allowance for
the limestone sold direct to users who burn it into lime and apply
it in some of the industries covered by the table. At present this
last item is partly included in the present chapter, under lime,
and partly in the chapter on stone, under limestone. It is hoped
that in future reports it will be possible to make a more satisfactory
grouping.

Though defective to the extent above noted, the table is of inter-
est as giving the first approximate data for determining the relative
importance of the structural and the chemical uses of lime. It will
be seen that the lime sold for structural uses as building lime, hydrated
lime, for sand-lime brick manufacture, for slag cement, and for
quic.i{—lime brick, amounted to 2,647,724 tons out of the total lime
production of 3,197,754 tons, leaving 550,030 tons for the wvarious
chemical industries.

Production of lime in the United States in 1906, by uses, in short tons.

Use. Quantity. | Value.

T T i R ) e e T e S e, L R e R 2,508, 452 | $10,247,579
e b S s o e s e e e R O R e e e e e s 120, 357 479,079
RN OIS . e s v e by e s oo o= i oA i e S e o S AL e - S S 19,737 83,845
Blagoement .. .oonee e iitaera s s 175 500
R B e B o ) B o T A 8 70 B ST T o o e 78 @ 5 1,003 4,391
Bugar factories .......... 28, 678 128,547
Fertilizet...... A 300,024 | 713,336
Bteel works.... 11,517 46, 100
Baper e i v 53, 266 197,277
Glass works........co... 20,558 62,216
A T T NI e s e e i s i oF ot o oo A A s e e e s e N 2,049 5,643
Water partllestion . = o T VAl vl e N DR S el S 2,065 10,950
G AR OOl & T ves vmve s sy e e S A B e s S M 1,050 3,000
T B e T S e 79,832 282, 400
S e e i iy AV N AR e e e e i it g o e e e DR el P 2,400 12,000
T L N e S e o e S DR s . T e 1 10,750 55,876
HHeeD QIR . s sisacsnscisitaasnohiorecnsipsssnssennenes =] 70 526
p il ey e e S R e S R R B | 7,472 37,780
R ORI S s v ie s ea AR ks A6 aow R 3 W e R a7 2,450 0,000
(0o s T TR B B S gt M E S e (e C ot 18,627 58, 220
Cyaniding plants e 2,222 13, 860
O e e e e e L o S T e e L S R n o B N SR o 6,000 27,000

e e T R B 3,197,754 | 12, 480,053

FUELS USED IN LIME BURNING.

The total lime output of 1906 was 3,197,754 tons, made by 1,012
producers. Of these, 951 makers, producing 2,808,986 tons, replied
to the questions as to character and quantity of fuel used. The
data presented below cover, therefore, about 90 per cent of the total
American lime industry.
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Kind and quantity of fuel used in burning lime in 1906.

|
Num-
: Quantity
Kind of fuel used. Quantity of | "oyiye” | ber of
fuel. Brnee firms
using.
Short tons.
T N e L R cords. 412,350 921,073 285
HBAVINEE 2. ol el i b e i S short tons. . 22,945 43,677 3
Al s r T ra R R SR Sk Sk do. .. 357,735 | 1,150,220 540
R s s m i i b a v el o ae S b R R o AR S = S ¥ & do.... 2,160 , 580 7
5 1 e e e i el e e de ol D el barrels. . 24, 486 16,921 il
1 7 Sl R T R e S B ) T e T SN ..cubic feet..| 236,435,000 60, 760 6
Mixe 1% fuels: < T

(7 e SRR S s N e e SRR cords 1,

i R s Sl e short tons 95, 060 '} 429,411 &
o B ...cords o 1
Coke.. short tons 150 '

O e o it e i e e M o i 1 4 cords 300 }
e short tons.. 2,000 18,286 1
BORE S s ar s es S e e e Ly do.... 500
((1‘,0&{ o e M Ve LRI o T e gn. ol 3?,52% 28,685 9
FIBL Lo e s e i e n o Al B e e R a5 ] 2
QS o i s e O R T b et | 108548, 000 } 128,044 9
127 AT e ST W S S e S M Tl oo oo I i .............. 2,808, 086 051

The total quantity of the various kinds of fuel consumed in the
American lime industry during 1906 was, therefore, as follows:

Total fuel consumed in burning lime in 1906.

e e e Aoty Lacpiso il s cmel WAH et e R cords. . 484, 241
Bhlemgel U2 UE Bl e Ul M LY IR L Sl s Ml short tons. . 22,94
O e e s s e e e s b A s me S Ta b do.--- 501, 081
BakP. o ovcnnvoss sosa s st s e S e b T e A Sl do. ... 4,098
AR e el et s SR R T SIPER e RS R e cubic feet. . 429, 978, 000
e e e e e e e T T AT 24,486

The “gas” in the above table includes both natural gas and pro-
ducer gas, as can be determined from its fuel efficiency.

FUEL CONSUMPTION PER TON OF LIME.

The most valuable use to which the above data may be put is, of
course, the determination of the average fuel consumption per short
ton of lime burned with different kinds of fuel. Disregarding the
product from the plants using mixed fuels, these averages are as
shown in the following table:

Fuel consumption per short ton of lime burned in 1506,

NGO, - Nt iy Ji sh e e pveeee s ol Sip- R ey £ o oy ey cord.. 0.448
R T TR e S R R e o T e T R S S ghort ton.. .525
I e R R e i e S N R e DR doao .31
O e e da..... .21
S = =h e ) s I S RN st e B gl N SO LI I barrels. . 1.447
B e e e PR T L 2 e SR N G e cubic feet.. 3,891

HEAT LOSSES IN THE LIMEKILN.

It is of course possible to carry these caleulations a step further
and to determine the average efliciency—or inefficiency—of all the
limekilns in the country. By using average values for the heat
units in the various fuels we can determine that in 1906 the heat
utilized in all limekilns averaged 7,413,500 B. T. U. per ton of burned
lime. In a volume? published recently the writer calculated the

@ Eckel, E. C., Cements, Limes, and Plasters, New York, 1905, p 99.
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theoretical heat requirements for lime burning and stated that in
burning a pure nonmagnesian limestone they would amount to
2,113,600 B. T. U. per short ton of limestone, which is closely equiva-
lent to 3,774,300 B. T. U. per short ton of burned lime. On com-
aring this quantity of heat actually required in burning a ton of
ime with the quantity used during 1906 it will be seen that the
average limekiln wastes almost exactly half of all the fuel put into it.
There is evidently still considerable room for improvement in lime-
burning methods.
HYDRATED LIME.

In sending out the statistical inquiries for 1906 an attempt was
made to secure data relative to the hydrated-lime industry, with the
results set forth in the following tables. Though a grati number
of replies were made to the questions which bore on this industry,
there is no doubt that the statistics below are relatively incomplete
and do not give a fair idea of the present status of this comparatively
recent development in lime manufacture. Tt is hoped that in future
years greater completeness will be attained.

The reports show that in 1906 the total quantity of lime hydrated
by the burners and marketed as hydrated lime was 120,357 short
tons, valued at $479,079, or $4.15 per ton. It is practically certain,
however, that much of the product reported as building lime was in
reality hydrated lime.

The number of lime-hydrating plants which reported as having
operated in 1906 was as follows:

Number of lime-hydrating plants in operation in 1906, by States.

AGhaang. 2 T e P U T et S e e 1
IRRARRIR. = ocrinlecl o il s S e A s e otk o et e 1
LB T 5 U S S S A O o e e b s Ea 8
ST ey AT S T o Dy e S S D 8
v SCSE SE e e b R A D O DR P e e 1
T e A e et e e e WS e o ettt ot VR 1 e e e s LR e 1
Rna S e e L _
| 35 N A i e AN S 1 72 e AR b S P = S SR 8 30

IMPORTS AND EXPORTS.

The imports of lime for consumption into the United States in 1906
were 20,692 short tons, valued at $91,241, as against 22,247 short
tons, valued at $84,564, in 1905, and 22,297 short tons, valued at
$82,008, in 1904.

The exports in 1906 were valued at $101,668, as against $76,658
in 1905.

SAND-LIME BRICK.

PRODUCTION.

The year 1906 showed fairly prosperous conditions in the sand-
lime brick industry, the product being valued at $1,170,005, an
increase of 20 per cent over the value, $972,064, in 1905. i
1906 the value of the common building brick made by this process
averaged $6.71 per thousand, as against $6.58 in 1905. The front
brick averaged $10.42 per thousand, as against the 1905 average of
$11.02. Almost 90 per cent of the entire sand-lime product is mar-
keted as common brick, a result which eould hardly have been antici-
pated when this brick was first introduced into this country.
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]Betailed statistics for 1905 and 1906 are presented in the following
table:

Production of sand-lime brick in the United States in 1905 and 1906, by States.

1905,
| Num- | Common brick. | Front brick. | Fancy brick.
‘ber of |
oper-

State. a s qu 84 Blocks,| Tatal
firms %'lty Value. ity Value. ‘%llty * | Value value. | value,
report-| (Hhou- (thou- {thou:

i%. sands). sands). sands),
T TR e 3| 1,552 | $11,645 | (®) By et dipaem et $23,727
Arizona, Colorado, Ore- :
gon, and Washington.... & T2 5,047 | 1,281 |$15,151 () (=) $121 | 21,280
“sota, ﬁ'abmka., South
Dakota, and Texas...... 9 | 20,425 | 133,784 400 | 30,480 |........ B 37005 e P 164, 264
ORIHOTIR oo o begisnnd 5| ams| @258 (o | & [T@ | @ [l 680
Tersey, and Vimginta, | 7| 12401 | s | 57| 72| @ | @ 88,876
eraey, and VIrgnig. ... /] (] ¥ 2 L N 3
Florida, Kentu Mis-
gissippi, South Csrolins,
and Tonnessee. ... ... . 10 | 12,025 | 89,900 107,470
Tllinois and Wiseonsin. ... 4| 4,451 | 25524 .| 28,309
TR BTG v i L o o 6 (11,413 | 57,635 5,005
Towa. ... 3| 3,074 | 28,703 48, 652
Michigan 12 | 24)841 | 135,883 160,302
New York 7 i 81,804 123,104
North Carolina.._......... 3| 8185 | 20,053 29,103
e e e 6| 280 i3 5,200
LT s i i b
g S e, [l BRSNS 6]
RO . vranernanid 84 119,131 | 783,702 m.tm
Averagevalue per M.......0........ I 6.58 | dlebsitas
1906,
| |
Alabama, Kentucky, Mia— | | |
sissippi, and Tennessee.. . 6 | 8,877 | 851,079 | 1,276 P11, 047 |..civiiloocimmmcfomnvnens $63, 026
sota, Nebmks South
Da.hota, and Texas..... 8 (14,877 | 06,128 | 1,807 | 17,962 | (n) L T N ol 114,390
L A, AR 4| 4,837 | 38, a0y vl osdestl o et B 61,180
Colorado and Idaho. ... 4| 560 | ‘603 | 2ion [22,7as LIIIIIIIIII e ) 31,464
Delaware, Maryland, and |
VIrgInIR. . os e firins 4 0,403 | 61,719 ﬂ;
Florii a-.-..--“.-......... 8 | 11,678 | 83,306 a
.................... 3| 5138 | 37,701 @)
IIllnois and Wisconsin..... 4| 8,150 | 49,150
.................... 6 | 17,077 | 84,301
TOWR-. oo - 3] 3,021 | 28201 (%a
Hhhlg:n.- 11 | 27,281 | 162,879 | 1,7
New Jersey .. 3| 6,520 | 40,143 |........
New York. .. i 0 | 21,288 | 169,257 | 1,910
North Carolina ! 3| 3147 | 220295 s«;
A e & 1,232 i )
Penngylvania............ 2L 7| 6,673 | 50,211 978
OUREBIAIORY. . o ool cxseostdosasensnfors ihonsa 2,718
Motal, i rnnininsvess 87 148,660 | 997,311 | 15,682
Average value par M....... Gl o S e
a Included in Other States.

b 'l_m:}{ndaa all products made by less than three producers in one State, to prevent disclosing individual
L1

¢ Tha total of Other Btates {8 distributed among the States to which it belongs in order that they
may be fully repregented in the totals.

Value of production of sand-lime brick in the United States, 1905-1906.

Number of | Value of
TRar. plants. | product.

$155,040
463, 128

972 (164
1,170,005
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THE CONSTITUTION OF SAND-LIME BRICK.

In previous publications on the sand-lime brick industry the writer
has stated that conclusive evidence had not yet been produced as to
the constitution of the binding medium of sand-lime brick. The
advocates of the new product not only claimed that a definite lime
silicate was formed during processes of manufacture, but usually
made the additional claim, by implication at least, that this silicate
was the same as that which exists in Portland cement. The fact was
overlooked that purely chemical means could not be relied on to prove
these facts, if facts they were. Under these circumstances the writer,
admitting his own incompetency to decide the question, believed it
advisable to consider the matter unsettled, pending a decisive test
by the only means possible—the petrographic microscope, used by
one of the very few investigators intimately acquainted with the lime-
silicate series.

During the past year evidence has been submitted which seems con-
clusive. Mr. Frederick E. Wright, at the writer's request, examined
several specimens of commercial sand-lime brick in the geophysical
laboratory of the Carnegie Institution. Mr. Wright states that the
binding material of these specimens is a hydrous lime silicate some-
what akin to the familiar minerals of the zeolite group. The reactions
involved in the formation of such a hydrous silicate from lime and sand
in the presence of steam are simple and well known. It is to be noted,
however, that these reactions are in no way comparable to those which
take place during the processes of Portland cement manufacture and
that the binding material of sand-lime brick is very different in com-
position and relationship from Portland cement clinker.

It may safely be assumed, then, that a sand-lime brick as marketed
consists of (1) sand grains held together by a network of (2) hydrous
lime silicate, with probably (if a magnesian lime were used) some allied
magnesian silicate, and (3) lime hydrate or a mixture of lime and
magnesia hydrates. These three elements will always be present, and
the structural value of the brick will depend in large part on the
relative percentages in which the sand, the silicates, and the hydrates
oceur.
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