CHAPTER IX
_USE OF GYPSUM IN PORTLAND CEMENT

Gypsum, either calcined or crude is universally used as the
purpose Tetarding element in Portland cement. Cement should
not develop its initial set in less than 45 mmutes, nor its ﬁnal
set in less than ten hours.*™

The sulphur trioxide (SOs) is the active agent in the gypsum
which renders it valuable as cement retarder. According to
generally accepted conclusions, high alumina cements require
more SO, to make them usable during the hot humid season
than the low alumina and high iron-dxide cements; and further,
the finer a cement is ground the more SO; is required to pre-
vent it from setting too quickly.**

If sulphur trioxide is present in considerable quantities the
umits strength of the cement is weakened. Standard specifi-
cation limit the SO; in Portland cement to 2 per cent.

Crude gypsum is generally used, on account of its cheapness
as compared with caleined gypsum. The SO, content of the
forms SyPsum is generally specified in cement mill contracts.
wed Tt is common practice to specify gypsum containing 42
per cent. SO, though mineral carrying only 35 per cent
SO, is at times used. When crude gypsum is used it is added
to the clinker and ground with it.

Some cement chemists prefer caleined gypsum even though
the cost per ton is twice that of the crude mineral. For this
purpose the calcined gypsum is finely ground: It is added ‘to
the finished cement in very carefully measured quantities and’
1s thoroughly mixed to insure uniform set.

Anhydrous gvpsam contains a higher per cent of S®, than is
found in gypsum proper. Some chemists have no objection to
Anhyarite the use of anhydrite as cement retarder, while some
actually prefer it, as a ton of anhydrite contains more SO, than
a ton of gypsum. Other cement chemists are not satisfied with
the results that they have secured with anhydrite.

154A. S. T, M. Standards, 1918, p. 504. .
155P. H. Bates, Paper at A, S. T. M. meeting June 22, 1915,
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The SO, content of the gypsum used in Portland cement must
be fairly constant, or uneven set in the cement results. It
seems probable that where trouble has resulted from the
Uniformity USe of anhydrite, the cause is often to be found in
essential  the fact that the percentage of SO, was not uniform,
rather than to the nature of the anhydrite itself. Anhydrite
almost invariably occurs mixed with gypsum, and if it is used
some care must be taken to see that the gypsum and anhydrite
are so mixed by mechanical processes, that the SO, content
is uniform throughout the entire mass. \

Experiments now being carried on by various cement com-
Annparite  PNIES, co-operating with Committee C-11 of the Ameri-
end Hich  oan Society for Testing Materials seem to indicate
Clinker  that clinker of a high alumina content and relatively
low lime cannot be sufficiently retarded by the use of pure
anhydrite.

Inasmuch as the magnesia (MgO) content of Portland cement
is restricted to 5 per cent, gypsum for cement mill use should
not contain any considerable amount of dolomite. This is a
matter of no great importance, however, as both gypsum and
anhydrite are seldom so intimately associated with dolomite
as to make its presence in the gypsum a hazard.

Statisties given in chapter XXII show how extensive are the
requirements of the cement industry. While the increase in
the manufacture of Portland cement will hardly be as rapid
during the next decade as in the ten years just past, there will
be a steady expansion of the industry.



CHAPTER X

GYPSUM IN AGRICULTURE

HISTORICAL
USE IN EUROPE

The history of gypsum as a fertilizer dates back a little
more than 150 years. The earliest use of gypsum in agricul-
ture probably occurred in Wurtemberg, in southern Germany,
but the first information published in regard to it came from
the Economic Society of Berne, Switzerland.”®® Memoires de
Societe Iiconomique de Berne, in 1768, contain the first account
of the use of gypsum on the farm. In response to a request
for essays on the general subject ‘‘Description of the Different
Kinds of Earth- and Methods for Mixing Them to Render the
Soil Fertile’’, Rev. J. F. Mayer of Kupferzell in Wurtemberg
submitted a paper which was awarded first prize by the-
Society. This paper had in the form of an appendix a brief
note on gypsum as a fertilizer which attracted great attention
and led the Society to ask for more information, and in com-
plying with this request Mayer stated: T

““It is only two years since one has entertained the thought
that a stone of which little account was taken, was nevertheless
well suited to attract to. itself the oil and salt of the air, and
consequently suitable to be placed on the meadows and to
enrich them. When it is found crude, it is reduced to powder,
and after it is crushed it is placed on the meadows or upon
sterile soils of whatever nature they may be. Over one acre
Rev. 0. T+ one scatters eight fri (a measure 13 inches in diameter
statement  and 8 inches high) and this fertilizer furnishes the best
forage and the best clover one can imagine. It has greater
effect if calcined, but the best effect is obtained by adding to
it two fri of wood ashes and eight handsful of salt, and the
whole soaked in a half pail of manure water. T.et these ma-
terials be well mixed, then let them lie eight days, after which
having stirred them, one may spread them on the soils to be
fertilized. Our people profit by it continually and the experi-
ence for two years has justified the first trials. . As soon as

158According to Grimsley, in Geol. Survey of Michigan, Vol, IX, p. 194. Grimsley acknowl-
edges his indebtedness to Prof. Chuard of Lussanne, Switzerland, who placed in his hands a
number of his papers on agricultural gypsum.
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one is quite convinced, and one cannot conceive it otherwise,
that all plants are composed of salt, oil, and earth, one will be
as easily persuaded that gypsum flour scattered over wheat,
oats, barley, and vegetables, ought to produce the same effect
The experiment has already been tried.”’

The society of Berne decided to have these experiments re-
peated at a number of places, and the results of further ex-
perimentation conducted under its guidance were published in
a memoir in 1771. In this memoir are important papers by
N. H. Kirchbergner and M. Tschiffeli.

Kirchbergner desecribes his experiments with clover, lucerne
kircnberg-  (alfalfa) and radishes and expresses his surprise at
mers parer the marvelous results that he obtained with gypsum.

Tschiffeli obtained results similar to Kirchbergner and like
him found that legumes profited most from applications of
rseniterrs SyPsum. He further noted that, on wheat becoming .
paper weak in its growth at the first of June, gypsum applied
liberally at a dry time resulted, after the first rain, in an almost
miraculous growth and a good harvest.

USE IN AMERICA ,

In early American history Judge Richard Peters of Phila-
delphia. and John Binns of Loudon county, Virginia, were
staunch champions of gypsum as a fertilizer. ‘Their names are
perhaps not as well known in this connection as those of Ben-
jamin Franklin, Robert Livingston and Edward Ruffin.

Judge Peters’ book seems to have been published in 1796
in response to a request from Washington for a statement oi
Judge his ‘experiments and experiences along this line. A

second and revised edition was later published by Smith
and Harris in Philadelphia.

The following interesting paragraphs appear therein:

““The. prejudices for and against this manure are equally
violant. In Germany, where this fossil has been longest known
and used, opinions have been very opposite, and many of them
very absurd and ridiculous. Witcheraft has been charged on
those who used the plaister, but it has been said by some won-
derfully wise people there, that it produced or attracted thunder
and lightning. Petty princes made edicts against it, urged by
the bigotry of its opponents and the unfounded German adage,
‘““That it makes rich fathers and poor children’’. Peasants
have however sown the plaister on their fields in the night.
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““Tt is a capricious and whimsical substance. I have known
it to produce no effect for four years, and then throw up a most
astonishing vegetation. In field now in eclover, I perceive it
most luxuriant, where Indian corn hills were plaistered with no
effect on the corn, four or five years ago. This is one among
many instances I have had in my own fields, and have heard
from other farmers of similar effects. May not this be aec-
counted for by supposing that the operative principal in the
plaister was an overcharge for the fermentable substances
then in the earth, and that did not find enough of these.sub-
stances to operate on till the time when it produced the vege-
tation here mentioned. According to these notions we may
perhaps understand why all these manures which undergo the
quickest decompositions, ought to be oftener applied than
some others, which, not being susceptible, but of a very slow
decomposition, such as chalk, lime, burnt and pounded bones,
gyps, impart, during several years, the soil with prolific quality.
T had not seen this essay when 1 gave an account of my ex-
perience of the plaister. But I am much confirmed, in some of
my conjectures, since reading this production; and particularly
in my opinion, that the plaister operates most powerfully, when
in connection with animal or vegetable putrified or putrifying
substances. :

‘““Whatever be the cause, dew will remain on a part of a
grass field plaistered, an hour or two in a morning, after all
moisture is evaporated from the part of the same field not
plaistered. 1 have also frequently seen this effect in my
garden beds, which, if plaistered, will retain moisture in the
driest season, when there is not the least appearance of it in
those beds, whereon no plaister was strewed.”’

Professor Crocker, in an historical sketch on gypsum as a
fertilizer summarizes Peters’ book as follows:

“‘Peters, as did several of those filling out the questionnaire,
started with worn out lands and brought them to a high state
of fertility by the use of gypsum in combination with stable
or green manure. Peters especially found this ecombination
desirable, speaking of the gypsum and manure as mutually
supplementary. Peters says, ‘‘T have heard of none who have
been more successful in the plaster system than Mr. Price
and Mr. West. They have brought old worn out land to a
synopsis ot Temarkable degree of fertility and profit by combin-
Peters’ book  ing the plaster with other manures. The gypsum was,
however, the principal agent. As to the results in general
my experience and theirs agree; but I think that T have proved
that dung and plaster mutually assist each other.”” The greatest
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effect was found on leguminous crops, especially red clover.
The yield of the latter was often increased two or three fold.
Gypsum also proved beneficial for flax, hemp, rape and other
farm crops as well as garden plants and trees. It proved quite
as beneficial on limed as on unlimed soil and on old as well as
newer soils. American plasters were found as good as im-
ported plasters. From his experience and questionnaire Peters
concludes that plaster is of value on many types of soil but
gives little if any response on heavy clays.”’

Judge Peters gives in his book a series of questions that he
addressed to an intelligent farmer whose interest in gypsum
had come to his notice, and a portion of this catechism is given
below: '

““Query 1st. How long have you used the plaister?

Answer. About eleven years, without disappointment in its
effects. .

Query 2d. What state was your land in when you began
the use of it? '

Answer. My land chiefly when I began to apply it, though
naturally of the first quality, had been nearly a century under
bad management, and tired down. I ploughed up about five
or six acres, and dressed it with a rich earth about old build-
ings that grass had grown over, and rotted it down in itself,
and applied about thirty loads to the acre, sowed it with
winter barley, the spring following with clover, the next
Peters’ spring with Plaister of Paris; its product in grass
mmawers” % was allowed to be equal to any that had anywhere
been seen. I mowed it two summers, and have grazed it ever
since, and the sod is now in good perfection. I redressed it
last summer with plaister, and its stimulation very good: the
sod is green grass, white clover with a mixture of red. This
piece with a number of others, laid down in grass with different
kinds of manure, and plaistered, will now feed as many cattle
as acres, and from the effects of their droppings may be kept
up continually. I have continued the application of plaister
every year from my first using of it to the present, and its
most beneficial use is on grass, if rightly managed on the pre-
vious dressing of other manure and its preparation; all which
"~ will require a system in itself to describe at large.

Query 3d. What quantity per acre have you generally used?

Answer. The quantity of plaister per acre, four and a half
bushels, and the redressing about three bushels; but I would
not recommend a second application when land has been mowed
five or six years, without a light dressing of other manure.

Query 4th. What soils are the most proper for this manure?
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Answer. The soils most proper for the plaister are warm,
kind loamy ones; the land is generally deemed good wheat land;
that will sink the water quick in winter, not too level, and land
moderately hilly. .Land that takes lime well, will the plaister.

Query 5th. Have you repeated the application of it with or
without ploughing, at what intervals, and with what effect?

Answer. The repeated application of it has a good effect
as 1 have mentioned -above. It follows lime equal to any
manure. : _

Query 6th. In consequence do you find that it renders the
earth sterile after its useful effects are gone?

Answer. It does create something of sterility in five or
six years by mowing; then it may, as above mentioned, be
lightly dressed by dung or compost; about twelve loads to the
acre, will make a new footing for the plaister. This quantity
will promote a wheat crop. .

Query 7th. To what products can it best be applied—grain
and what kinds—grass and what kinds?

Answer. It is best adapted to grass and every kind of sum-
mer grain.

Query 8th. When is the best time to scatter it?

Answer. The time to strew it is in the spring, when vegeta-
tion is fairly abroad.”’ -

John A. Binns, in 1804, wrote a treatise on practical farm-

John A. ing*” and devoted nearly one-half of the book to.a dis-
" cussion of gypsum.
Professor Crocker thus sums up Binns’ book:

“The following is a quotation from the preface of Binns’
little book: ‘Having been been frequently requested. by several
of my friends and acquaintainces as well as sundry persons
from a distance to publish my experiences in farming gener-
ally, and more especially on the use of plaster of Paris; (the
use of which has made my farm, from that of being tired down,
or the natural soil entirely worn out, a rich and fruitful omne)
I have been induced to present them with the following
pamphlet.” He speaks of raising the fertility of his first farm
to a high level by the use of gypsum and later buying a second
farm of exhausted fertility on which his neighbors said. he
would starve. This in turn was raised to a high state of pro-
ductiveness by the same means. In time he induced his neigh-
bors to use gypsum with the result that in a few years they
doubled their corn yield and increased their wheat yield three
to four fold. He speaks of the number and size of stacks

< 157Published by John B. Colvin, Fredericktown, Mé.. 1803. 2d edition published by S.
Pleasants, Richmond, Va., 1804, 83 pp., 35 devoted to gypsum. )
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being ‘greatly increased and the grain in greater proportion.
The granaries and mills of the community were glutted and
threshing greatly delayed due to big yields. He states that if
the use of land plaster continues for a few years the uplands
of Loudon county will be as good as, or superior to, any river
bottom for grain, hemp and tobacco and far better for clover.

“Binns’ favorite way of applying the plaster was to roll the
moistened seed in it before sowing. He supplemented this. with
applications placed on the hill or sown broadcast on the crop
in the early spring with a total application scarcely exceed-
ing two bushel to the acre per year. Plaster proved to be
especially beneficial to the clovers; but it also greatly benefitted
corn, wheat, rye, and blue grass. From his report one cannot
determine whether the benefit on the non-legumes is due to
direct action of gypsum or due to the increase of nitrogen in-
the soil by the greater growth of the legumes in the rotation.
He emphasizes the fact that gypsum greatly reduces the rav-
ages of the fly on wheat. :

““Peters emphasizes the use of green manures and stable
manures with gypsum, but Binns does not mention this al-
though later in his book he does discuss the use of other
manures. One can hardly explain his results and those of other
farmers of Loudon county except by assuming the accumula-
tion of organic matter and nitrogen on the farms due to the
marked effect of gypsum on the growth of clovers in the
rotation. This nitrogen and organic matter must of course
find its way back to the soil as stable or green manure along
with root residues if it is to accumulate on the land.

““Binns’ explanation of the method of action of gypsum was
fatal to a system of permanent fertility for he assumed that
gypsum contained all the virtues of any manure. At best it
increases the supply of only three essential elements, caleium
and sulphur directly and nitrogen indirectly by favoring the
growth of legumes. While it may increase the solubility of
potash and perhaps other nutrients it will not increase their
amount in the soil. Such a system of fertility must in .time
fail for it will not care for the general shortage of phosphorus
and the occasional shortage of potassium.’’

Franklin’s keen interest in every phase of scientific thought
and experiment is shown by his investigation of gypsum, and
Benjamin  Perhaps the most familiar anecdote in connection with
Franklin — the early history of gypsum is fhe story of the field
of clover where Franklin sowed with gypsum the . words
LAND PLASTER USED HERE, with the striking result that
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this clover grew so much ranker and greener than the rest, that
the words could be easily read from distant points.

Washington’s particular contribution to this subject is found
in the fact that he induced Peters to write and publish his
George experiences. Washington tried gypsum at Mount
Washington  y7ernon only once. The results were not very re-
markable, and this is not strange since the crop to which appli-
cation was made was oats, a crop that does not especially
respond to a sulphur fertilizer.

Charles F. Grece recorded his observation in the United
charles  States and Canada in 1819*® in the Quarterly Re-
T Greee view and speaks as follows:

“This valuable manure, almost unknown though very easy
to 'obtain, merits the attention of every farmer. There is
scarcely -a farm in the provinces but it might be applied to
with advantage. The practice of nine years on the following
soils and crops may suffice to prove its quality. On a piece
of poor yellow loam I tried three grain crops without success,
with the last which followed a hoe I laid it down with barley
and the return was little more than the seed. The grass seed
took very well. In the month of May of the following year I
strewed powder of plaster at the rate of one minot and one
pack to the arpent (acre). In July the piece of land being
mowed the quantity of the grass was so great that it was not
possible to find room to-dry it on the land where it grew. The
product was five large loads of hay to the arpent. It continued
good for five years. I tried plaster on cabbages and turnips,
but did not perceive any good effects. From the frequent
trials of this manure on various soils it is evident that it is
applicable to both light and strong soils for top dressing of
succulent plants.”’

Edmund Ruffin, in his essay on Calcareous Manures,*®
Rufin  speaks of gypsum as follows:

““I do not pretend to explain the mode of operation by which
gypsum produces its almost magic benefits; it would be equally
hopeless and ridiculous for one having so little knowledge of
successful practice, to attempt an explanation, in which so many
good chemists and agriculturalists both scientific and practical

X “81‘57)061. XXIII, pp. 147-150. 1820. Quoted by Grimsley in Geol. Survey of Michigan, Vol
e -

150Edmund Ruffin, An Essay on Calcareous Manures, XII, 242, 1832, J. W. Campbell,
Petersburg, Va. .
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have failed. There is no operation in nature less understood,
or of which the cause, or agent, seems so totally disproportioned
to the effect, as the enormous increase of vegetable growth from
a very small quantity of gypsum in circuimstances favorable to
its action. All other known manures, whatever may be the
nature of their action, require to be applied in quantities very
far exceeding any bulk of crop expected from their use. But
one bushel of gypsum spread over an acre of land fit for its
action, may add more than twenty times its own weight to a
single crop of clover.’

USE OF GYPSUM IN ENGLAND

In 1808 Dr. A. Fothergill of Philadelphia reported to the
Board of Agriculture of Great Britain on the use of gypsum
Fothergill 4S8 a fertilizer in the United States. He stated that at
that time Philadelphia alone imported from France and Nova
Scotia each year 12,000 tons, and that in addition much Ameri-
can gypsum was used in the region adjacent to Philadelphia.

Smithe of Tunstall, Kent, England, wrote a prize essay, about
1805, setting out his experiments with gypsum. His findings,
smithe a8 summarized in a statement by Professor Crocker are
strikingly in line with recent reports from the Oregon Experi-
ment Station.

““Smithe, as did the American users, found it especially ef-
fective with leguminous forage crops,—sainfoin, clovers and
alfalfa. He reports that the total value of crops of sainfoin
was increased 45 per cent by the use of gypsum; cow-grass,
14 per cent; Dutch clover, 330 per cent; and red clover 237
per cent. Similarly the value of the seed was increased 300
per cent for Dutch clover and 325 per cent for red clover.
Applications of gypsum after the first cutting of clover hay
‘increased the seed of the second crop three fold. Smithe found
that .gypsum had little direct effect on the. cereal crops. In-
directly, however it seemed to benefit the grain very materially.
As he puts it the more clover was forced by the addition of
gypsum the better the grain crop following the clover. In one
case he got 86 per cent increase in wheat following gypsumed
clover. This may be largely due to increased nitrogen fixation
by the clover.

““Smithe applied about six bushels to the acre when seeding
to the legume and followed with much lighter applications every
second or third year afterwards. He recommends application
in April or May, but gets very good results with seed produe-
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tion in clover, as mentioned above, by applying after the first
crop is cut. Like most of the experiences with gypsum up to
this time, he found that the greatest effect often appeared the
second or third year after the application. This may be why
Binns got such good results by rolling the seeds in the
gypsum before planting. Such treatment insures close con-
tact with the first roots put out by the plant. This delayed
effect is still more marked with the very slightly soluble raw
rock phosphates. Insoluble fertilizers in general should be
mixed with the soil as thoroughly as possible by cultivation
and otherwise to insure early maximum contact with the roots.
In his answers to the questions of Sir John Sinclair, Smithe
mentions seventeen users of gypsum to confirm his experiences.
It seems that the use of gypsum as a fertilizer spread and be-
came popular in the region of Tunstall, Kent, England, as it
did about Binns’ home in Loudon county, Virginia.’’

Johnson, in addition to a prize essay on the subject has an
article ‘‘Gypsum as a Manure’’ in his encyclopedia of agri-
Johnson  culture which was published in 1842. Professor Crocker
reviews Johnson’s essay as follows:

“The folldwinig quotation is from Cuthbert Johnson’s prize
essay on QGypsum. ‘There is perhaps no artificial manure so
decided in its effect upon some soils, so readily obtainable by.
the farmer and so plentiful in this country (England) as gyp-
sum. Its mode of action, too, is easily understood, for it acts
as a direct food for some plants, is not what is-sometimes called
a stimulant.” He goes on to say that there are only five cul-
tivated crops that contain gypsum in any sensible quantities
and for which it is consequently a choice food; lucern, sainfoin,
red clover, rye, grass and turnips. Gypsum as a top dressing
helps these. He speaks of other crops that do not contain a
trace of caleium sulphate and that farmers find are not helped
by applications of gypsum. Johnson was probably more nearly
right than most later writers in speaking of its main function
as a ‘‘direct food”’, although he was wrong, due to erude chemi-
cal methods of the time, in assuming the absence of calcium
sulphate from most plants. He also did not know a thing dis-
covered much later, that sulphur is a building material for
several essential organic compounds of plants and calcium for
at least one. Besides calcium has other indispensable functions
inside and outside the plant. Johnson also mentions the ex-

periments of various farmers, largely confirmatory of the re-
sults of Mr. Smithe.”’

The fact stands out in bold relief before the reader of these
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.pages recording early experimentation with gypsum that the
crops which gave a remarkable response to gypsum fertilizer,
were clover, alfalfa, and legumes in general; together with
cabbage; radishes, turnips, and other members of the mustard
family. FPotatoes and onions also responded moderately.

The fact that the scientific explanation for these results was
not known makes the uniformity of results all the more strik-
ing.

When, about ten years ago, agricultural chemists checked
on Wolff’s analyses of plant seeds, leaves and stems, and dis-
Wolff's covered that, through using faulty methods he had
smalvses.  overlooked most of the sulphur present in plants, the
real explanation of the value of gypsum in agriculture was
discovered and correct conclusions were promptly drawn.

In the interval various theories were advanced to account
for the efficacy of gypsum, some of which have merit.

In his Chemistry of Agriculture,**® Storer called attention
to the fact that all lime compounds, including gypsum, have a
srers  t€ndency to flocculate loose soils; that is, to collect the
theories  Jpose particles and give the soil more body. With a
tough clay soil they have the opposfce effect and break up such
soils into finer particles.

GYPSUM AS AN INDIRECT FERTILIZER

In addition to the physical benefit derived from gypsum,
Storer pointed out—and leading agricultural chemists since his
time have confirmed his conclusions—that gypsum decomposes
the double silicates in the earth, and puts in soluble form the
potash bound up in these silicates. Storer expressed the chemi-
cal reaction in the following form:

ALO, ALO,

Ca0 X S0, plus Ca0S0; eqUAl.rrrnrrnecs Ca0 1 | $i0, plus K,080,
X,0 Ca0

H,0 H,0

The favorable action of gypsum on legumes was accounted
for by the fact that they are heavy users of potash, and gypsum
renders potash available.

As is generally known there are enormous stores of potash

160Volume I, pp. 206-216, 1887,
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present in most American soils, extremely sandy soils being
Abundance of about the only exception. This potash is much more
et solls abundant in the layer from twelve to twenty inches
deep than in the.six or seven inches nearest the surface. As a
result of forty-nine analyses of typical soils in the United
States, Professor Chester'® found for the first eight inches of
soil 13,400 pounds of potash. Doctor Olive estimates that if
this potash is made available the supply is sufficient for 1000
wheat crops, counting 13.7 pounds removed per acre by an
average fourteen bushel crop.

GYPSUM AS A DIRECT FERTILIZER

. Hart and Peterson’s'** investigations, published in Wisconsin
in 1911, first paved the way for a complete and satisfactory
wisconsin  €Xplanation of the behavior of gypsum when used as
Bulletin 14 5 fertilizer. They called attention to the errors in
Wolff’s analyses, and proved conclusively that many important
crops consume as much sulphur as phosphate.

The authors sum up the results of their investigations in
the following manner:

“‘The sulphur content of a number of our common farm
products has been determined and in agreement with other
Wisconsin investigations the quantity is much larger than
conclusions found by Wolff in the ash from such produets.

‘““The amount of sulphur trioxide removed by crops is con-
siderable, being equal in the case of average crops of cereal
grains and straws to about two-thirds of the phosphorus pent-
oxide removed by these crops; the grasses of mixed meadow
hay remove quite as much sulphur as phosphorus, while the
legume hays may approach, and in the case of alfalfa, even
exceed in this respect. Members of the Cruciferae, as the
cabbage and turnip, are heavy sulphur-using crops and may
remove two to three times as much sulphur trioxide as phos-
phorus pentoxide. An average acre crop of cabbage will re-
move about 100 pounds of sulphur trioxide.

““Normal soils are relatively poor in total sulphur trioxide;
a limited number of analyses showed a percentage content of
from 0.033 to 0.140; most of them contained less than 0.10 per
cent. An acre foot will contain from 1,000 to 3,000 pounds

161Delaware Agr. Expt. Station, Bulletin 65. p. 51, 1904.
162Wisconsin Agr. Expt. Station Research Bulletin .14, 1-21, 1911.
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of total sulphur trioxide. About the same quantlty of phos-
phorus pentoxide will be found in'an acre foot of normal soil.
These results for sulphur trioxide are based on analyses made
by ‘the method of fusion with sodium peroxide. Determinations
by extracting with hydrochloric acid or with nitric acid and
bromine will not give the total sulphur content of soils.

Soils cropped for 50 or 60 years either unmanured or receiv-
ing but slight applications during that period have lost on the
average 40 per cent of the sulphur trioxide originally present
as determined by comparison with virgin soils.

‘“Where farm manure has been applied in regular and fairly
liberal quantities the sulphur content 'of the soil has been
maintained and even increased.

‘““The total sulphur trioxide precipitated at Madison, Wis.,
with the.rain amounted in the five months of June to Oectober,
1910, inclusive, to 11.7 pounds per acre. The annual amount
may tentatively be placed at from 15 to 20 pounds.

““The losses of sulphur trioxide by drainage, based on the
analysis of the drainage waters at Rothamsted, England, and
on a yearly drainage of 10 inches, would amount to about 50
pounds per acre yearly. -

“‘Even with much less loss by drainage it does not appear
that the atmosphere can serve as a complete compensating
factor for losses of sulphur trioxide which soils sustain through
both cropping and drainage. The partial depletion of the sul-
phur of the soil by continued cropping without adequate fer-
tilization is evidence in support of this view.

‘““From the data here presented it appears that for perman-
ent and increased production of farm crops such systems of
fertilization must be inaugurated as will supply to the soil
from time to time, in addition to the elements now recognized
as generally necessary,—namely, nitrogen and phosphorus,—a
sufficient quantity of sulphur to meet the losses sustained by
cronping and drainage.

“Such sources of sulphur are farm manures: the trade fer-
tilizers, such as super-phosvhate, ammonium sulphate and sul-
phate of potassium: and the socalled sxoil stimulant, gypsum
or caleium sulphate.’’

Professor Shedd soon followed with two interesting bulle-
tins*®® which confirmed for Kentucky soils the conclusions of

183Relation of Sulpbur to Soil Fertility: Kentucky Agr. Expt. Station Bulletin 188, 595-
630, 1914. The Sulphur Conient of Some Typical Kentucky Soils: Kentucky Agr. Expt. Station
Bulletin 174, pp. 269-306, 1913. R
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shoad in th€ Wisconsin experiments. In his analysis of thirty-
Kentucky one samples of tobacco leaves he found that all but
two contained more sulphur than phosphorus, and in some cases
the sulphur was nearly double the amount of phosphorus.

In Towa Brown and Kellogg found that there was nearly
twice as much phosphorus as sulphur in the surface rocks of
Brown and 1NPOTtant areas and they came to the conclusion that
Rellogs  «3]] gsystems of permanent agriculture in Iowa
which*®* leave the sulphur out of account would be incomplete
and inefficient.”’

In 1919 Reimer published a bulletin'® giving the results of
years of careful experimentation in Oregon, which proved
conclusively that sulphur must be classed as an exceedingly
Oregon important plant food, and showed that in many
Bulletin 168 cases all or most of the benefit derived from scid
phosphate could be secured by using gypsum, and a fifty per

FiG. 47.—Effect of agricultural gypsum on alfalfa in Oregon. Crop from test plots of
equal size, the larger pile showing vresult of agricultural gypsum while the smaller
was from plot receiving no sulphur fertilizer. From Oregon Station Bulletin 163,
Couttesy SOUTHERN GYPSUM CO. INC.

cent saving be made. Most of the Oregon soils were found to
be well supplied with phosphorus and deficient in sulphur.
Agricultural gypsum therefore gave remarkable results, crops
of alfalfa being increased from 200 to 500 per cent by the use
of 200 pounds of gypsum to the acre. IFigure 47 shows the
effect of gypsum on alfalfa.

184Sulfofication in Soils: Iowa Agr. Expt. Station Bulletin 18, pp. 49-111, 1914, Also Iowa
Acad. Science, Vol. XXI, p. 17. :

1650regon Agr. Col. Expt. Station Bulletin 163, 1919, Corvallis, Oregon.
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Description of a typical test plot follows, with Reimer’s ex-
planation of the plot:

FERTILIZER APPLIED AND YIELDS PRODUCED

PHOENIX CITY ADOBE SOIL. PLOTS 2 BY & RODS.
' FERTILIZER APPLIED MARCH 9, 1915.

ProT APPLICATION FERTILIZING YIELD IN POUNDS
) CONSTITUENTS 1915 1916 1917 ToraL
[ Lbs. Lbs.
1 Check J ] 227 | 450 | 736 | 1413
2 Gypsum i 59.51 Sulfur 10.00 | 369 | 826 | 936 | 2131
3 Double superphosphate | 40 | Sulfur 9.70 | 361 | 418 | 607 | 1387

Phosphorus | -7.40

l
4 Superphosphate | 82 Sulfur 10.00 | 348 | 728 | 860 | 1936
| Phosphorus | 7.40
5 Check | 159 | 260 | 544 | 963
6 Sulfur | 10 Sulfur 10.00 | 216 | 478 | 676 | 1370
7 Sulfur | 30 Sulfur 30.00 | 253 | 422 | 668 | 1363
8 Check | - 204 | 192 | 480 | 896

“‘Check plot 1 borders on a stream and the soil of this plot
is better than that of the other plots. This accounts for the
larger yield of plot 1. It would probably be better to ignore
this check plot entirely. The fertilizers containing sulfur
again produced large increases in yield. The gypsum plot
produced a larger yield than the superphosphate plot, and
these two plots produced considerably more than the two
plots which received flowers of sulfur. The small amount of
sulfur in the double superphosphate, amounting to only 9.7
pounds an acre, produced a large increase in yield, -especially
the first and second seasons. This shows that only a very small
amount of sulfur is necessary to produce material increases in
yield. The effect of the double superphosphate was barely
perceptible the third season of the experiment.”’

Quite a different type of .soil was tested in the plot described
below:

FERTILIZER APPLIED AND RESULTS ON BARRON COARSE SAND
PLOTS 2 BY 5§ RODS. FERTILIZER APPLIED MARCH 12, 1915.

Pror | APPLICATION YIELD IN POUNDS

T

1915 | 1916 | ToraL

| Lbs. | Lbs. | Lbs. | Lbs.
1 Gypsum | 23.4 334 269 | 603
2 Check 158 | 149 | 307
3 * Double superphosphate 16.5 265 228 493
4 Superphosphate 33.0 321 342 663
5 Check 194 162 356
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““The gypsum, double superphospliate, and superphosphate
produced very large increases in yield in. this field. = It is” im-
portant to note that the small amount of sulfur in the double
superphosphate, amounting to 5.7 pounds an acre, produced
an increase of 186 pounds over the nearest check plot. It is
also clear that this amount of sulfur is not sufficient to pro-
duce maximum yields on this soil, as shown by the larger in-
creases produced by the larger amount of sulfur supplied to
the gypsum and superphosphate plots.”’

Professors Graves, Carter and others at the Utah Fxperi-
ment 'Station have investigated the influence of gypsum and
avpeum hxd’  Other salts on the production of nitrogen and on the
nitrogen’  growth of nitrogen fixing bacteria in the soil. They
bacteria | ave found that gypsum greatly increases the growth
of these helpful organisms. Of some twenty substances used
in the tests gypsum was found most useful for increasing the
nitrogen in the soil through bacterial activity, and the increase,
as measured by their experiments, amounted to 97 per cént. ‘

Gypsum increases the protein content in legume hays, alfalfa,
clover and similar crops. Professor Peterson at Wisconsin
Gypsum found that land plaster more than doubled the pro-

ﬁﬁslli:egf::d _ tein in alfalfa. Reimer concluded that-the feeding

e vame  value of alfalfa hay from sulphur fertilized plots,
without taking into consideration the increased yield, was
.sufficiently greater to pay for the fertilizer used.

Professor Reimer found that ‘‘the root system of alfalfa
fertilized with gypsum and other sulphur fertilizers’’ is from
Gypsum ana tWO to three times as large as that of the un- .
root growth  fertilized plants. The value of this larger root
system is obvious.

In 1909 the Washington Agricultural Experiment Station
began a study of Washington soils to determine the amount
of sulphur present, and whether the beneficial results already
st. Ton recognized in that section of the United States as re-
Oson  gulting from the use of agricultural gypsum, were due
to its sulphur rather than its lime content. The results of

their work are admirably presented in bulletin 165, of the
Pullman Station.* .

They consider that, ‘“‘In a system of farming with legumes

* Bulletin 165, An Investigation of Sulphur as a Plant Food. State College of Washington,
Agricultural Experiment Station, Pullman, Washington, May 1921.
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included in the rotation, it has been evident that applications
of gypsum have caused very profitable increases in alfalfa.
This increased yield has been due to the supplying of sulphur
which has been utilized by the legumes in comparatively large
quantities and showing, therefore, that sulphur has been a lim-
iting factor in the produection of alfalfa. Cereals require small
quantities of sulphur compared with the quantity utilized by
legumes, and about one-half as much sulphur as phosphorus. ;

““With increased yields such as have been obtained with the |,

Fi16. 48,—Alfalfa roots showing benefit of gypsum fertilization. TLarge plant with well
branched root system from plot fertilized with gypsum which supplied sulphur
at the rate of 100 pounds to the acre. The small plant with long slender un-
branched root system was from test plot which received no Eypsum. Oregon Agr.
College Experiment Station Bulletin 163. Courtesy Southern Gypsum Co.

use -of gypsum fertilizer, alfalfa growing has become more
encouraging and may well be included in the rotation with
cereals. On farms where alfalfa has been grown, it has been
‘noted that better yields of  wheat have been obtained and the
wheat has been found to be of better milling’ quality. The soil
has been rendered better physically and better water absorp-
tion and retention have been procured. The annual growing
of cereals on land which has been in alfalfa, in place of the
two crops in three years or one crop every two years as with
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the fallow system, has to be considered as an indirect benefit
due to the growing of a legume such as alfalfa.
“QUALITY OF ALFALFA AND CROPS FOLLOWING:
The darker green color noted in the alfalfa grown on the
gypsum treated plots is also observed in the cured hay when
compared with hay obtained from adjoining untreated plots.
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F16. 49.—Field showing effect of agricultural gypsum on clover. The dark streaks on each
side show the heavy growth of the clover where gypsum was applied. On the
light streak where no gypsum was applied the growth was very scant. From U. S.
Department of Agriculture, Buréau Plant Industry, circular 22. Courtesy South-
ern Gypsum Co.

This difference in color adds to its merchantable value, and
generally the highest colored hays are sold for the best price.

““The protein content of alfalfa.grown on gypsum and acid
phosphate treated land has been found to be higher than that
in alfalfa obtained from adjoining untreated plots. The pro-
tein found in the alfalfa obtained from the gypsum treated
plots was 30 per cent and that from the acid phosphate treated
land was 17 per cent higher than that found in the alfalfa
grown on the check plots. Similar relations have been found
in farmers’ lots of alfalfa. Land which has been in alfalfa
has been improved both physically and chemically.’’
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A PERMANENT AND ECONOMICAL SYSTEM OF SOIL FERTILITY

Nitrogen, one of the most important, and certainly the most
expensive form of plant food to purchase in chemical form,
Nimozen i effectively and cheaply supplied to the soil indirectly
by the use of gypsum.

The legumes, as is generally known, are the hosts of nitro-

gen-secreting bacteria, and the legumes respond tremendously
to a sulphur fertilizer like'gypsum. Moreover the gypsum
has a very stimulating effect on the nitrogen-gathering or
nodule-forming bacteria of red clover roots, as shown by Pitz
of Wisconsin®® and others. Figure 49 shows the results of
using gypsum on clover land.
- Potash, which is abundant in most soils, and which, in in-
soluble form is present even in the first six inches of surface
Potash $01l equal to the needs ‘of hundreds of years, is made
soluble without waste in sufficient quantities by the reaction of
gypsum on the .potash silicates. This action is assisted by
turning under a green. ecrop occasionally.

Many soils are deficient in phosphate and this deficiency
may be supplied most cheaply by the use of raw rock phos-
phate. The solubility of raw rock phosphate has been called
Phosphate in question by the champions of the more expensive
acid phosphate. If the rock phosphate is finely ground, how-
ever, and as offered to the trade at present its mechanical
condition is excellent, and especially if it is turned under with a
green crop, like clover or beans, there is sufficient ground for
believing it abundantly soluble. Indeed the Illinois system of
agriculture as advocated by Hopkins'® and as successfully
practiced throughout that state, shows that rock phosphate
is sufficiently soluble even though the  precautions suggested
above are not carefully observed.

The sulphur essential to the legumes which are the source
of the nitrogen supply, and which contributes direct plant
suphur food to numerous crops, is best and most cheaply
furnished by gypsum. Figure 50 shows the results of tests
in use of sulphates on clover and rape.

186Effect of Elemental Sulphur and of Caleium Sulphate on certain of the Higher and Lower
forms of Plant Life. Jour. Agr. Researc¢h, Vol. 16, pp. 771-780, 1916,

167Soil Fertility and Permanent Agriculture, Ginn & Co.
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Acid phosphate is expensive as compared with gypsum and
raw rock phosphate.

Raw sulphur is effective, but it rapidly sours the soil and

this tendency must be constantly checked by the use of lime.

FI6. 50—Clover showing effect of gypsum and other sulphates on growth, fertilized as fol-
Thos Sodium Sulprate. 4" Nitrogon: Bhosphate, Botdsh v Gypenar 5. Sodium
Sulphate only. 6, Gypswm only. 7, Sulphur.” From Hart and Tottingham.

The sulphur must first be transferred into lime sulphate by

chemical reaction in the soil, whereas gypsum, a neutral salt

is itself lime sulphate.

Except for garden plots and truck farms where ‘the large
returns per acre justify expensive mixed fertilizers;, it is in
the interests of economy and efficiency to fertilize through
legumes, together with the natural rock fertilizers suitably
ground; gypsum and rock phosphates.

Lime is essential also to keep the soil in an a]kahne con-
dition, which makes it congenial to most erops. ®

Experiments by the United States Department of Agriculture
Gypsum show that gypsum has given remarkable increases in
s the yield of cotton.e?

The results are shown in the table given below. The follow-
ing were the costs per ton of fertilizer used:

. Nitrate of soda e $50.00 -
Sulphate of ammonia 62.00
Acid phosphate 14.00
Ground bone 26.00
Rock phosphate : 9.00
Floats : : ‘ 8.00 -
Basic slag 12.50
Sulphate of potash: : 60.00
Bone black - 22.00

*  Wood ashes . . 5.00

. Gypsum ! — : 8.00
Marl 50
Lime . 6.00 ‘

—_
[2rad B

IGSFor a’ synopsxs of recent llterature Qn gypsum as = ierhhzer gee special Bxbhography
covering Gypsum in "Agrienlture. JE o ; S
169U. S. Dept. of Agrieulture, Burean of §oﬂs, Bulletm 62, p 0. '
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‘The value of cotton in the table was taken at ten cents
a pound. The test plots were usually one-tenth of an acre,
and were distributed through North Carolina, South Carolina,
Louisiana, Georgia, Mississippi, Alabama, Arkansas, and
Texas. The greater part of the work was done between 1888
and 1893. The proportion of cases of success to cases of
failure (number of tests over 110) was as ten to one.

RESULTS OF FERTILITY TESTS WITH COTTON SOILS

FERTILIZERS AVERAGE OROP AEE;?E
. PER ACRE
KIND OF FERTILIZER ToTAL _ mcp‘i“(}ﬁ PEE PER
UsED AREA UsEep CosT ACRE
Pounps |Dorrars | Pounps Donmsl Dorrars
Nitrate of Soda.. ... 73 160 4.00 ‘| 64.0 6.40 2.40
Sulphate of Ammonia...| 17 [ ° 128 3.97 58.2 5.82 1.85
Acid Phosphate | 181 286" 1.90 69.8 6.98 5.08
Ground bone.. ... © 14 279 3.63 92.8 9.28 5.65
Rock phosphate | 6 706 3.18 4.0 40 3.58
Floats + 25, 201 .80 16.7 1.67 .80
Basic slag.. 4 230 | 142 1.0 |, .10 1.52
Boneblack ... 37 500 550 .| 1327 .| 13.27 7.77 -
Muriate of.potash......|. 36 . 98 2.16. 345 |- 345 1:29
Sulphate of potash... T8 “112 3.36 21.2 2.12 1.24
Kainit ... 161 292 1.75 " 32.3 -3.23 1.48
3 1,667 | 417 68.0 . 6.80 2.63
12 271 4.61 41.6 416 | 45
3 1,383 |-~ 400 |-, 333 | 333 |- .67
3 900 - .23 19.0 1.90 - 1.67
11 195 .78 1974 19.74 18.96
1) 200. 807 . 8.0 .08 .88
TOTAL cflid. 559 | .l 17 233 540 | 540 | ' 3.07

On page 13 of the same bulletin is the following table:

[ FERTILIZERS AVERAGE CROP
. PER ACRE GATN PER
KinD oF FERTILIZER TOTAL INCB‘EAAOSS:E PER ACRE
USED AREA Used Cost
|
PoUNDS | DoLrARs| PoUNDS |DorLrars |DOLLARS

‘ |

Cotton-seed meal (260)

Kainit 4 (347) 6,17 233.0 23.30 17.13

GYPSUM . (210)

The investigations of Kearney and Cameron’™ show that

170Some Mutual Relations Between Alkali Soils and Vegetation: U. S. Dept. Agriculture
Bulletin 71.



268 GYPSUM

gypsum counteracts -in a wonderful way the injurious effects
Neuwslizing  Of certain salts that are present in many soils. It
injurious salts js a veritable specific for black alkali, caused by
the presence of sodium carbonate, as has been already pointed
out. Magnesium sulphate, magnesium chloride, sodium sul-
phate, and sodium chloride are injurious to many important
plants. In the presence of gypsum the endurable amount of
these substances may be increased many times. -

Kearney and Harter*” experimented further and found that
gypsum neutralizes the poisonous effects of salts. In the case
of common salt or sodium chloride the resistance of the plant
was increased as follows:

Lupine (white) 5 to 10 times
‘Wheat 5 to 10 times
Oats 9 times
Cotton (G. barbadense) 32 times
Beet : 8 times

Similar beneficial results were secured with sugar cane in
Hewaitan Hawail. The use of gypsum to neutralize objectionable
fugar salts increased the yield of sugar 46 per cent.*™

Remarkable results have been secured by the Cuban Agri-
cultural Experiment Station.’”® The data given below were
compiled by Dr. Mario Calvino.

171Bulletin of Plant Industry, U. S. Dept. of Agr., No. 113,
172Experiment Station Hawaiian Sugar Planters Assn., Bulletin 11.
173Review of Agriculture: Commerce and Labor Official Organ., February, 1921, Havana.
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TABLE NO. I

| (QUANTITIES ARE PER CABALLERIA)

Prot A Pror B Protr C
TEST PLOT
Fertilizer used: )
Waste matter (cachazas) 26,840 Klgs. 26,840 Klgs.
Ashes : 13,420 Klgs. 13,420 Klgs.
Calcium sulphate (gypsum) } 5,368 Klgs.
Value of the fertilizer: Waste matter| ... $134.20 $134.20
Ashes 134.20 134.20
GYPSUM oo ccnmnens | eeeeeee | eemeceenes 107.36
Total $268.40 $375.76
Yield (arrobas) | 63,784 94,000 177,952
Difference of yield as compared with
the test plot (arrobas) 30,216 114,168
Value of this difference, figuring 10(
arrobas of sugar came at $7.50......| ... $2,266.20 $8,562.60
Net gain, deducting the cost of the
fertilizers $1,997.80 $8,186.84
Difference of yield, comparing the
. plot which wag treated with gyp-
sum with the plot which was not
(arrobas) 83,952
Value of this difference, figuring 100
arrobas of sugar cane at $7.50., $6,296.40
Net gain, deducting the cost of the|’
gypsum : ) : $6,189.04

NOTES:—The capital of $268.40 invested in waste matter and ashes produced
in about 14 months $1,997.80 more than the test plot, or 744 per cent.
The capital of $375.96 invested in waste matter, ashes and calcium sulphate

(gypsum), produced in-about 14 months $8,186.84 more than the test plot, or
2,177 per cent.

The capital of $107.37 invested in gypsum produced in about' 14 months
$6,189.04 more than the plot fertilized with waste matter and ashes only, or
5,764 per cent.

(A caballeria equals approximately 33.33 acres).

(An arroba equals approximately 25.4 pounds).

Ground gypsum when sprinkled over stable manure, changes
the volatile ammonium carbonate into the non-volatile ammoni-
Gypeum as  um sulphate. In this way it preserves the valuable
breservative nitrogen compounds which are otherwise lost. Gyp-
sum also aids in checking the decomposition of the organie
materials and humus in the manure piles. From two to four
pounds of gypsum may be used with profit daily for each head
of stock.

Anhydrite can be used satisfactorily for agricultural gypsam
provided it is very finely ground. This finer grinding is neces-
sary on account of the fact that it is less soluble than gypsum.
It is higher in sulphate and if its limited solubility is overcome
by fine grinding it can be used without hesitation in making
agricultural gypsum. '



CHAPTER XI
.-.OTHER.  USES FOR RAW GYPSUM

In addition to the use of gypsum in agriculture, in the manu-
fadture of Portland cement and caleined plasters, there are a
number of places in the arts where gypsum plays an important
part.

Very white ‘gypsum which has been ground and bolted
through a 200 mesh sereen is sold as a filler for paper and
- rera  paint under the name of terra alba. In the making of
Alba paper its function is to close the pores and permit
of a hard finish.

In certain processes gypsum is added as flux to galena con-
centrate. In Germany it is used similarly in the concentration
rux  Of lead-copper matte in reverberatory furnaces. Large
quantities are required in the smelting of certain nickel ores
in New Caledonia. The gypsum in this ecase furnishes the sul-
phur necessary for collecting the metal into a matte and also
acts as a base to counteract and slag the siliceous gangue.’™

Finely ground raw gypsum as well as calcined gypsum is
used to dilute arsenic poisons that are employed in combating
meeeti.  iNSects. Hundreds of tons of gypsum are used annually
cides  for this purpose. A large percentage of this amount is
used in fighting potato bugs. The following experiment was
one of a series tried by the Department of Agriculture in their
endeavor to find suitable methods to control this pest.

“Experiment No. 6—This plat was treated with a mixiure
of Paris green and land plaster at the rate of 1 pound of Paris
green to 50 pounds of plaster, the mixture being put in a coarse
bmlap bag and sifted over the plants by a negro laborer in the
usual plantatlon manner, the amount of dust “used being at the
rate of 320 pounds per acre. The wind prevailing at the time
carried a large part of the dust from the plat as it was applied,
but the portion remaining was sufficient to-thoroughly destroy
the larvae by forty-eight hours afterwards. This mixture
killed 90 per cent of the larvae,during the first twenty-four
hours and i 1s verv eﬁectlve in controlhng the potato beetle.””"®

J¥ia1748tone, Burezu of{:Mines, Technical Paper 'No. 166,"p. 38.

175U, S. Dept. of Agriculture, Bureau of Entomology, Bulletin 82, Part 1, p. 5.
Rl ) V R i E .

' Py . . . - -t
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The mineralogical term alabaster is applied to pure white,
semi-transparent gypsum which is used for statuary and vases.
Albaster  Its softness renders it easier to work than marble
but the same property renders it less durable.

The common school erayon known as chalk is made frorn
crayons  finely ground uncalcined gypsum. The gypsum, Wltzh a
suitable binder, is molded under pressure.

Numerous patents have been issued to cover processes o‘f
hardening gypsum blocks till they equal marble. Some ambi-
Imitation  L1OUS attempts have been made to establish a gypsum
marble industry along, this line. The processes are -often
successful but inasmuch as not one of the numerous attempts
has survived under actual business conditions, it may be
assumed that the cost of the processes is too great to permit
of competition with marble and similar natural stones.'”

Numerous patents have been issued for extracting sulphuric
acid from gypsum and during the war it is stated that Ger-
suphuric Many depended largely on gypsum for her supply of
aeid this essential. Our own country.during the last months
of the war took initial steps, at Grand Raplds, toward secur-
ing sulphuric acid from this source.

‘When calcium sulphate is treated in an open tube it decom-

poses at 1200° C., the products being CaO and SO,'". When
it is mixed with molecular proportions of silica the tempera-

ture of dissociation is 1005° C. While these temperatures are
high they are within the range of those used for Portland
cement and the process apparently has commercial possibili-
ties. Certain patents issued in connection with these processes
are described in the annual report of the Towa Geological Sur-
vey for 1901 (Vol. XTI, pp. 155-156) and others are reviewed in
Bulletin No. 7 of the Department of Chemistry of South Aus-
tralia (pp. 155-157).

Raw gypsum is used in the manufacture of rubber goods, and
Miscellane. PhONOgraph records. With other substances it enters
ous et Jargely into the composition of certain kinds of but-

tons. It plays a useful part in certain methods for filtering
oils.

176For description of some processes see Geol. Survey of Michigan, Vol. IX, p. 206.
177H. O. Hoffman, Journal Society of Chemical Industry, p. 833, 1912,
.
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POSSIBLE FUTURE USES

Considerable attention has been called to the possibility of
widely extending the use of dry spray for orchard use and
pry for fighting boll weevil. Finely ground gypsum seems
™ to be an admirable filler for this purpose. The readiness
with which it can be ground to pass 200 mesh, and the fact that
it is not injurious to eyes, lungs or skin, are important proper-
ties to consider in this connection.



CHAPTER XII

CHEMICAL CHARACTERISTICS OF CALCINED GYPSUM

As set out in chapter I there are two natural forms of
wawral  calcium sulphate, the hydrated form with chemical form-
forms — yla CaSO, 2H,0, correctly called gypsum, and the
anhydrous variety CaSO, known as anhydrite.

Extensive beds of gypsum exist in our own country and else-
where, free from anhydrite. Anhydrite also is found oceca-
sionally that is free from the water of crystallization which
characterizes gypsum. As a rule, however, anhydrite shows
on careful analysis, some water of crystallization, and this
chemical test, easily confirmed by microscopic examination,
establishes the fact that there is present in each case an
intergrowth of the two minerals.

When gypsum is subjected to heat, a variety of chemical
artificial  torms may result depending on the temperature to
forms  -which the gypsum is exposed and the duration of the
exposure. ‘

For over a century the various substances resulting from
the partial or total dehydration of gypsum have been the
subject of chemical study and a considerable volume of techni-
cal literature has grown up around them. Davis™ in 1907,
mdsting  Sald that in spite of the work of such well known
confusion  chemists as Lavoisier, Marignace, Le Catalier, Van’t
‘Hoff, and others, the confusion that exists on this subject is
without parallel in inorganic chemistry. In 1916 L. -A.
Keene™ was obliged to reiterate this statbment, although in
the meantime important articles on the subject had been pub-
lished by Desch, Blake, Hursh, Rohland and Glasenapp.

Tnasmuch as progress in the technology of gypsum plasters
is largely dependent on a correct understanding of the chemi-
Importance of Cal characteristics of calcined gypsum it is essen-
ivestization  tial that any treatise on gypsum that aims to serve
the industry, must present all of the information available
on this subject.

178Journal ,Society Chemical Industry 1907, p. 727,
179Journal Physical Chemistry 1916, p. 701.
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It must be kept in mind that certain physical characteristics
of plaster, and notably plasticity, are as essential as tensile
chemists  strength. Plasticity, as well as tensile strength, is

overlook

physieal dependent on.the conditions that govern the calcin-
of plaster  ing process. Only recently have attempts been made
to consider and measure plasticity scientifically, and nothing
has been published which sets forth the reasons for the rela-

tionship between plasticity and calcining temperature.
HISTORICAL SKETCH

Our knowledge of the chemical characteristics of gypsum
dates back to the work of Lavoisier in 1765. ' He determined
its solubility; that the mineral was a chemical salt; the nature
Lavaisier-  0f the acid and the base; and the presence of the
water of crystallization. He called attention to the fact that
overburned gypsum will not set in water, and that ‘the’
setting of plaster of Paris is a simple process of crystalliza-
tion, in which process the plaster of Paris builds into its strue-
ture the water of which it had been robbed by heat.**

Payen in 1830** published a paper giving results of experi-
mental work which amplified somewhat the earlier work of
Lavoisier. He found that gypsum began to calcine at a tem-
paven  perature of 80° C. (187° F.) in a current of dry air, and
the process continued rapidly as the temperature was raised.
He noted that gypsum caleined at 200° C. (392° F.) hydrated
slowly, and that gypsum calcined at 300°-400° C. (572°-
752° F.) loses the power of taking on water of erystallization.

Berthier in 1840 demonstrated that the commercial plaster
of Paris of his day contained from 3 to 8 per cent of water,
Berthier and this corrected an error of Lavoisier who had

reported that all of the water of erystallization was
driven off in the caleining process.

In 1883 Le Chatelier*** published the results of investiga-
tions which were of great practical importance. He noted
that the plaster of Paris of his day contained some 7 per cent
of water, and that the decomposition of gypsum in the cal-

150Acad, des Science, Compt. Rend., Paris, 1765,
181Chimie Industrielle 1830. « . P
182Acad. des Sci., Compt. Rend., 1883, 1
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cining process took place in two very distinet periods of time.
Le Chatelier  I1e treated a measured quantity of gypsum gradually
in a paraffin bath, recording the temperature every five min-
utes: He found that the temperature did not rise uniformly,
but that there were two periods at which it remained nearly
stationary. After rising rapidly to 110° C. (227° T.) it
then rose more slowly to 120° C. (248° F.), stood stationary
for some time at 128° C. (262° F.) then went on more rapidly
to 140° C. (284° F.), from this point the temperature moved
slowly to 163° C. (325° F.) where there was a second stop,
which was not as long as the first. W. A. Davis plotted the
curve shown in figure 51 from these experiments, using the
time as abscissa and the temperature as ordinates.
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I'16. 51.—Temperature gradient for the decomposition of gypsum. Courtesy New York Geolog-
ical Survey.

Le Chatelier concluded ‘‘that these two halts in the rise of
the thermometer were brought about by the absorption of
heat which accompanied the elimination of the water. They
indicate the existence of two hydrates having different tem-
peratures of decomposition.’’

Further experimental work of Le Chatelier determined
exactly the chemical formula of the half hydrate.
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Glasenapp in 1908 classified gypsum plasters as follows:

_ 107°C (224°F) hemihydrate
Glasenapp’s 107°C (224°F) to 170°C (338°F) mainly hemi-w
Classification hydrate
170°C (338°F) to 200°C (392°F) more or less
dehydrated hemihydrate. Sets rapidly with Plaster
water to form the hemihydrate. (The soluble of
anhydrite of Van’t Hoff and others. F. A. W.) Paris
200°C (393°F) to 250°C (482°F) contains small
quantity of H,O, sets slowly, at first with for-
mation of hemihydrate.
L 250°C (482°F), contains traces of H,0, sets very
slowly <

Sets with water,
owing 'to -forma-
tion of crystals.ﬁ

) 400°C (752°F) to 700°C (1292°F) anhydrous
Set slightly or not gypsum, practically dead burned.
at alligs 700°C (1292°F) to 800°C (1472°F) beginning
of formation of flooring gypsum. '

800°C (1472°F) flooring plaster with crystal
.form of the granular anhydrite.
Set slowly with [ 900°C (1652°F) to 1000°C (1832°F) flooring gyp-
water without al- sum with full development of granules.
teration of formiss | 1000°C (1832°F) to 1400°C (2552°F) flooring
plaster with granules of increased size and
hardness and rising content of basic sulphate.

Calcined  gypsum, when pure, and when composed entirely
of hemihydrate (CaSO, %4H.0) consists of 93.8 per cent of
calecium sulphate and 6.2 per cent water. As actually manu-
factured the hemihydrate forms the greater part of calcined
gypsum, but mixed with it there may be small amounts of

1. raw gypsum.

2. soluble anhydrite, or No. 1 anhydrite.

3. dead burned gypsum, or No. 2 anhydrite.
4. natural anhydrite or No. 4 anhydrite.

Raw gypsum should not be present unless fast setting ma-
terial is desired, for raw gypsum speeds the set and wall plaster
made from calcined gypsum containing some raw material re-
quires more retarder and is apt to be irregular in set.

Calcined gypsum intended for use in wall plaster is calcined
to a temperature of approximately 320° F. (160° C.). It has
wpirst settler  Passed through the first boil which takes place:
caletned gypmum 5t 969° F'. (128° C.) and is just ready to enter the
second boil which begins at 325° F. (163° C.) (See Fig. 51.) It
contains a small amount of soluble anhydrite.

In addition to the hemihydrate, there are considerable quan-

183Journal Society Chemical Ind. 1908, p. 858.
184When treated with alum solution set owing to formation of crystals.
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tities of soluble anhydrite, and some dead burned gypsum
wSecond settter 100 Second settle calecined gypsum. The nature of
caleined gyoeum  the gsecond settle product is considered at length
in chapter VI

Soluble anhydrite was first recognized by Van’t Hoff, who
formed it directly by heating gypsum in a vacuum over sul-
Soluble phuric acid, without the intermediate formation of
anbydrite  the hemihydrate. In the ordinary calcining processes
hemihydrate is first formed and this is converted to soluble
anhydrite on further heating.

Soluble anhydrite is very soluble in water and very unstable.
It readily takes moisture from the atmosphere and returns
to the hemihydrate. To determine its presence, material must
be taken directly from the kettles as they are discharged, and
kept in air tight containers till analyses can be made.

The nature of gypsum calecined at high temperatures is
considered in chapter XIX.

THE SETTING OF CALCINED GYPSUM

The generally accepted theory to account for the set of
gypsum plasters was first propounded by Le Chatelier. He
pointed out that when water is added to calcined gypsum a
certain portion of it promptly goes into solution. Gypsum
itself is very soluble, and the hemihydrate is at least five times
as soluble as gypsum. When water is added to caleined gyp-
setting of,  Sum, therefore, it very quickly becomes supersaturated
inster with reference to gypsum and crystals of that sub-
stance begin to form. Omnly a portion of the hemihydrate
actually goes into solution. Other portions of the hemihydrate
serve as nuclei about which the erystals 'of gypsum grow.
These crystals interlock and the whole mass is firmly bound.
together by them. If too much water is added the spaces be-
tween the crystalline centres is so great that the interlocking
is imperfect or completely prevented, and in consequence the
plaster is weak or does not set up at all.

Grimsley™® assumes that a certain amount of raw gypsum in
the calcined gypsum is necessary to start the crystallization.

185Kansas Geol. Survey, Vol. V, p. 167.
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‘Without question raw gypsum greatly accelerates the setting
~action, but microscopic examination of calcined gypsum shows
that material free from raw gypsum sets satisfactorily for
wall plaster purposes. Indeed the manufacturer of gypsum
wall plasters is exceedingly ¢areful to exclude every trace of
raw gypsum from the caleined plaster that he uses for making
‘wall plaster.



CHAPTER XIII
" PHYSICAL PROPERTIES OF CALCINED GYPSUM:s

In the strictest sense calgined gypsum is a fine powder, and
its more important physical properties are its color, fineness,
‘and weight.

It is the custom to ascribe to calcined gypsum the properties
which it possesses: when mixed with various degrees of water
to form a paste, and in this form its -more important proper-
ties are, its setting time; plasticity; and expansion.

‘It is customary also to speak: of the properties of the hard
masses resulting from the setting of calcined gypsum pastes
as the properties of calcined gypsum. The more important
of these properties are tensile, compressive, and adhesive
strength; -hardness; and conductivity of heat and sound.

In this chapter the properties of calcined gypsum will be
considered in all three of these aspects. Before taking up the
properties of calcined gypsum pastes and of the solids result-
ing from the setting up of these pastes it will be necessary to
consider at some length the question of the consistency of these
pastes since the phys1ca1 properties, of pastes and resulting
solids vary with the percentages of water added to the cal-
cined gypsum.

The color of calcined gypsum is dependent on the color of
the mineral used in its manufacture and on the fineness of
grinding. Inasmuch as gypsum varies widely in color,
there is- a wide range in the color of the -calcined
product Color is not an important property of gyp-
sum that is used in making plaster for base coats, nor is
color 1t essential for many of the purposes for which it is used
in the arts. A pure white gypsum is often desired for finish-
ing plaster and for moulding plaster. Certain beds of Nova
Scotia, gypsum have been preferred for the manufacture of.
ﬁnishing‘plaster._ During the world war, the United States,

- aselt-is- 1mcferstood that the term cﬂlcmed gypsum is apphed to gypsum calcined under
400°.F. \with_the formatjon of the hemi-hydrate or soluble anhydrite; and that the terms hydrau-
lie/ gypsum‘a'nd Keeneé's cement are apphed to the ploducts of" calcination at hlgher temperatures
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was thrown upon its own resources and the genuine merit of
certain beds of gypsum located in the Western States was
recognized. Calcined gypsum made from these gypsum beds
has as light a color and is in every way as suitable for the
highest grade of finishing plaster, as the imported article.

The fineness of calcined gypsum is entirely a matter of
grinding and the standards are largely determined by the de-
Fineness mands of the trade. For certain purposes very finely
ground material is desired. Fineness of grinding is discussed
somewhat at length in chapter VIII “which deals with the
Technology of Calcined Gypsum.

The weight of calcined gypsum is largely dependent upon the
fineness to which the material is ground. As set out in
chapter I calcined gypsum, ground so .that 90 per cent passes
weight 8 100 mesh screen, when loose weighs from fifty to sixty-
five pounds per cubic foot, and when well shaken down or taken
from bins where it has been stored for some time, from sixty-
five to seventy-five pounds per cubic foot.

NORMAL CONSISTENCY

In order that the setting tinfe and tensile strength of differ-
ent calcined gypsums may be accurately compared, it is essen-’
tial that the different specimens be mixed.with water to the
same consistency. If samples of calcined gypsum from each
of the sixty-five mills in the United States are taken, it will
be found that when like amounts of water -are added, the
consistency of the resulting pastes will differ more or less for
every sample. In consequence of this fact it is generally felt
that an accurate method for establishing a ‘‘normal’’ consis-
tency is the most important step in the standardizing of
methods for testing the strength and setting time of calcmed
gypsum.

The German Gypsum Assn. some years ago adopted a rather
simple, but not very accurate method, for bringing samples
German of calcined gypsum whose physical properties were

method for

determining  $0 be compared, to a common, or.normal consistency.

normal

consistency  Their directions are as follows: ‘‘Place in a glass ves-

sel 100 cc. of water. To this water add gypsum by hand till it
ceases to sink; that is, till the water surface disappears and a
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thin dry layer of gypsum remains visible for a period of 3 to 5
seconds. All of the gypsum nécessary should be added in 114 to 2
minutes. While adding the calcined gypsum neither the glass
nor the paste should be touched, jarred, or stirred in any way.
The glass containing the paste is now weighed and the ratio
of the dry material to the water (100 cc.) is recorded as the
normal consistency.”’

In connection with fensile strength tests conducted for this
report by Messrs. Holt and Holmes, of the Department of En-
Determination SNN€€TINg, Towa State University, the question of
of normal | cnormal consistency was necessarily considered, and
Towa Gty the following method was used: ‘“In the determina-
tion of normal consistency 300 grams of plaster were poured

FI1G. 52.—Vicat needle. Courtesy of American Society for Testing Materials.

upon a measured quantity of water, the mixture stirred to an
even consistency, formed into a ball with the hands, and pres-
sed by one hand into the larger end of the rubber ring (speci-
fied by the Committee on Uniform Tests of Cement of the
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American Society -of Civil Engineers) held in the other hand
and through the ring so as to completely fill it with paste, leav-
ing the surface flush at the larger end. The ring is then placed
on its larger end on a.glass plate, and the excess paste at the
smaller end removed and the surface smoothed off. with a
trowel. The paste, confined in the ring, resting on the plate,
was placed under the rod of the Vicat needle (see figure 52),
the larger end of which was carefully brought in contact with
‘the surface of the paste, the scale read, and the rod quickly
released. 'The paste was assumed to be of normal consistency
when the rod (or cylinder) settled to a point te