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BULLETIN No. 329.

CHEMICAL INVESTIGATION OF BEST CONDITIONS
FOR MAKING THE LIME SULPHUR WASH.

L. L. VAN SLYKE, A. W. BOSWORTH AND C. C. HEDGES,

SUMMARY.

‘1. Object.—The work described in this bulletin is a continua-
tion of work published in Bulletin No. 319 and has had for its
general object a study of conditions that enable one to utilize
the lime and sulphur most completely and with largest formation
of the compound containing most sulphur, calcium pentasul-
phide (CaS,).

2. Effect of varying proportions of lime and sulphur.— In
several experiments, we used 35.7 pounds of lime and 50 gallons
of water, while the amount of sulphur varied from 35.7 to 107
pounds, or in the ratio of one to three times the amount of lime
used. The ratio of lime and sulphur to water varied from 1 2.9
to 1:5.8.

(a) Sediment.—The amount of sediment varied from 2 to 35
pounds or from 1.8 to 35 per ct. of the lime and sulphur used.
The largest amount occurs when the excess of sulphur is great-
est in proportion to lime (3:1). The sediment is least when
the ratio of lime to sulphur is about 1:2 and this increases when
the ratio of lime to sulphur increases.

(b) Sulphur in solution.—The proportion of sulphur used that
goes into solution is least when the proportion of sulphur is
greatest (3 of sulphur to 1 of lime) and increases as the pro-
portion of sulphur to lime decreases, until practically all of the
sulphur is changed into soluble compounds when the amount of
sulphur used is not more than 2.25 times the amount of lime

used.
[405]
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(c) Sulphides—The largest amount of sulphur appears as
sulphides of calcium (CaS, and CaS;) when the ratio of sulphur
to lime is between 2.25:1 and 2:1. When more lime is used
than 1:2 of sulphur, the amount of sulphide sulphur decreases.

(d) Thiosulphate.— Largest amounts of thiosulphate sulphur
are formed when lime is used in largest amounts in proportion
to sulphur.

(e) Lime.—The proportion of lime used that goes into solu-
tion is greatest (96 to 100 per ct.) when the proportion of
" sulphur is 2 or more times that of lime. When sulphur and
lime are used in equal amounts, only 50 per ct. of the lime
goes into solution.

(f) Ratio of lime and sulphur in solution.— However large
an amount of sulphur is used in relation to lime, the amount
appearing in solution is limited and is usually about 2 to 2.2
parts for 1 part of lime. When sulphur is used in excess of
these amounts, it goes unchanged into sediment.

(g) Formation of different sulphides.—When sulphur is used
in largest proportions to lime, larger amounts of pentasulphide
(CaS,) are formed. When less sulphur is used than 2.25 parts
for 1 part of lime, less pentasulphide and more tetrasulphide
(Ca8S,) are formed.

3. Effect of varying proportions of water.— In another set of
experiments, we used 50 pounds of lime and 100 pounds of sul-
phur but varied the water from 70 down to 30 gallons, so that
the ratio of lime and sulphur to water varied from 1:3.9 to 1:1.7.

(a) Sediment.—The amount of sediment is least when we
use most water in proportion to lime and sulphur.

(b) Sulphur in solution.—The percentage of sulphur used,
going into solution, varies from 85 to 9.7, the largest percent-
ages occurring when the largest proportion of water is used and

decreasing as the proportion of water decreases.

- (c) Sulphide sulphur.— The proportion of sulphur appearing
in solution as sulphides does not vary widely whether we use
more or less water,

-
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(d) Thiosulphaite —The proportion of thiosulphate found de-
creases with the proportion of water used, owmg to conversion
of thiosulphate into insoluble sulphite.

(e) Lime.—The proportion of lime going into solution is
greatest (99.7 per ct.) when the proportion of water is greatest,
and least (68.8 per ct.) when least water is used.

(f) Formation of different sulphides.— Under the conditions
of the experiments, larger amounts of pentasulphide (CaS;) are
formed when the ratio of water to lime and sulphur is less than
3:I.

4. Additional experiments.—A set of experiments was made
in which we used 2.25 parts of sulphur for 1 part of lime and
varying proportions of water. When we use 35.7 pounds of lime,
80.3 pounds of sulphur and 50 gallons of water, we obtain, all
things considered, the most satisfactory results. The proportion
of sediment is small; the percentages of sulphur and lime going
into solution are large; the percentage of sulphur used that
appears as sulphides is large; and the sulphide sulphur is prac-
tically all in the concentrated form of pentasulphide.

5. Effect of concentration of lime-sulphur solutions by boiling.
— In concentrating a solution from 50 down to zo gallons, the
chief chemical change occurring is the conversion of thiosulphate
into sulphite and free sulphur, in one case 81 per ct. of the thio-
sulphate being thus changed. Concentrated commercial lime-
sulphur solutions contain small amounts of thiosulphate, prob-
ably as a result of concentration by boiling.

6. Some of the chemical changes in making lime-sulphur solu-
tions.— Ordinarily, about 17 to 20 per ct. of the sulphur used
goes to form thiosulphate, and this is changed, to a greater or
less extent, into sulphite, the extent of the latter changs de-
pending upon length of boiling and concentration of solution.
One part of calcium combines with about 2. 25 pounds of sulphur
to form soluble compounds. When sulphur is used in excess
of these proportions, the surplus goes unchanged into the sedi-
meént as free sulphur. When sulphur is used in smaller propor-
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tions than 2 to 1 of lime, not enough sulphur is present to com-
bine with the lime and the unused lime appears in the sediment.

7. Conditions favorable to formation of sediment are (a) con-
ditions favoring formation of sulphite; (b) impurities in lime or
sulphur; (c) lime used in excess; (d) sulphur used in excess.

8. Efficiency of lime-sulphur solutions in relation to chemical
composition.—The effectiveness as a spraying solution stands
in a close and direct relation to the amount of sulphide com-
pounds contained in solution, whether these compounds act di-
rectly or simply decompose into other compounds that produce
the desired results.

9. Keeping-power of solution—A lime-sulphur solution which
had been kept in a stoppered bottle was examined when one
month old and found to have undergone no appreciable change.

10. Analysis of crystals.—In a barrel of concentrated lime-
sulphur solution, large crystals were formed, which, on analysis,
were found to consist of a mixture of about equal parts of tetra-
sulphide and pentasulphide. ‘

11. Relation of density of solution to percentage of sulphur
as a basis for dilution.—An examination of many lime-sulphur
solutions, varying widely in density, shows a generally lower
percentage of sulphur in relation to density, measured in de-
gress, Beaume, when the density is lower. The data are used in
preparing a table of values varying with density, from which
dilutions can be made for different uses of lime-sulphur solution,
so that one gallon of diluted solution shall contain a certain
number of ounces of sulphur. These dilutions applied to solutions
of known composition indicate a greater degree of uniformity
and accuracy than shown by other methods of dilution in
practice.

12. Efficiency of different formulas used for lime-sulphur
wash.—As a result of the investigation embodied in this bulletin,
the following proportions are recommended for making lime-
sulphur solutions: 36 pounds of lime (based on pure lime,
Ca0), 8o pounds of high-grade, finely-divided sulphur, and
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50 gallons of water. When lime containing 95 pér ct. or less
than g5 per ct. of calcium oxide is used, more than 36 pounds
must be taken, according to amount of impurities (38 pounds
for g5 per ct. lime and 40 pounds for go per ct. lime), but no
lime should be used containing less than go per ct. of calcium
oxide or more than 5 per ct. of magnesium oxide. In boiling the
solution, the liquid must not be allowed to drop more than
slightly Below the go-gallon lével.

13. Method for approximate determination of impurities in
lime.—This test is based upon the fact that when one part of pure
lime and two parts of sulphur are boiled with plenty of water for
one hour, only slight amounts of sediment appear. If the lime
contains impurities, thes¢ appear as sediment, the amount of
sediment being an approximate measure of the amount of
impurities.

INTRODUCTION.

In Bulletin No. 319 of this Station, we published the results of
work done in 1909 relating to some of the conditions atfecting the
chemical composition of the so-called lime-sulphur wash. The
work suggested several additional questions for investigation,
which have been studied since and the results of our recent work
are given in the following pages.

Among the points studied, the following are of chief interest
and importance:

(1) Conditions under which it is possible to get the largest
amount of lime and sulphur most completely into soluble com-
bination.

(2) Conditions under which it is possible to produce a lime-
sulphur solution containing the largest amount of caleium penta-
sulphide (CaSs).

(8) Effect of concentration of lime-sulphur solution by evapo-
ration at boiling temperature.

(4) Some of the chemical changes occurring in the making of
lime-sulphur solutions.
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(5) Conditions favorable to the formation of sediment in lime-
sulphur solutions. '

(6) Efficiency of lime-sulphur solutions in relation to chemical
composition.

(1) Keeping-power of lime-sulphur solutions on standing.

(8) Analysis of crystals formed in concentrated lime-sulphur
solutions.

(9) Relation of density of solutions to percentage of sulphur as
a basis for dilution.

(10) Efficiency of different formulas.

(11) Method for the approximate determination of impurities
in commercial lime. :

These subjects are discussed in a way to connect certain phases
of practical application with the underlying chemical facts.
Those who are interested in understanding the reasons for certain
conclusions may find the entire bulletin useful. Those who care -
~ solely for the practical applications without an understanding of
underlying principles will be interested chiefly in the last two or
three topics.

COMPOUNDS OF CALCIUM AND SULPHUR.

Before taking up the details of our investigation, we will review
briefly some fundamental facts relating to the chemistry of the
lime-sulphur solution. When we heat a mixture of water, sulphur
and lime (calcium oxide, CaO) or of slaked lime (calcium hydrox-
ide, CaH,0.), the sulphur combines with the calcium (Ca) con-
tained in the lime compound. As a matter of fact, when lime
(caleium oxide) is used, it is converted into slaked lime (hydrox-
ide) before chemical reaction occurs between the lime and sul-
phur. A definite amount of calcium can combine with varying
amounts of sulphur so as to form, at least, five different com-
pounds. Only two of these compounds are present in the freshly-
prepared solution, the 4-sulphur compound or calcium tetra-
sulphide (CaS,) and the 5-sulphur compound or calcium penta-
sulphide (CaS;). Calcium pentasulphide contains 20 per ct. of
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calcium and 80 per ct. of sulphur, which is at the rate of 4 parts
of sulphur by weight for 1 part of caleium. Calcium tetrasulphide
contains 24 per ct. of calcium and 76 per ct. of sulphur, which
1s at the rate of 3.2 parts of sulphur by weight for 1 part of cal-
cium.?

Calcium tetrasulphide and caleium pentasulphide are easily
soluble in water, producing an orangered liquid, which in con-
centrated condition is strongly caustic, injuring the skin and
burning foliage.

In the chemical changes that take place between lime and sul-
phur when they are heated in water, another compound is un-
avoidably formed, but in-smaller amounts; this is calcium thio-
sulphate (CaS,0;), which is easily soluble in water and is there-
fore contained in the solution along with the sulphides of calcium.
Calcium thiosulphate on exposure to air is changed into calcium
sulphite (CaSO;) and sulphur. Caleium sulphite is insoluble in
water and- therefore appears in the sediment or the undissolved
portion of lime-sulphur preparations, usually forming the chief
part of the sediment. The free sulphur formed by decomposition
of thiosulphate recombines with caleium and goes into solution in
the operation of making lime-sulphur solutions when enough lime
is present.

On exposure to air, even at ordinary temperatures, calciun
pentasulphide and calcium tetrasulphide absorb oxygen and
slowly change into calcium thiosulphate, with free sulphur which
separate out as a fine deposit.

EXPERIMENTAL WORK.

In carrying out the necessary experiments, the proportions of
lime, sulphur and water have been varied within limits suggested
by our previous work. The lime used in the laboratory experi-
ments was pure lime (CaO); the sulphur was high-grade flowers
of sulphur in finely divided condition. The general method of
conducting the individual experiments has bheen as follows: The

! Bulletin No, 319, pp. 387-389,
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desired amounts of lime and sulphur and water were accu-
rately weighed. The laboratory experiments were carried out on
the basis of the use of one-half gallon of water. These were sup-
plemented later by making the solution in 50-gallon quantities.

During the operation of boiling, hot water was added from time
to time in amounts sufficient to keep the liquid at its original level,
as indicated conveniently by the use of a marked stick. After
actual boiling had continued one hour, the mixture was allowed to
cool and then water was added in just the amount necessary to
bring the weight up to that of the original mixture; it was found
that the addition of water to a given weight is more accurate for
experimental work than adding to a given level. The whole mix-
ture was filtered after boiling and dilution, and the sediment
was weighed. The filtered solution was used for analysis, the fol-
lowing determinations being made: (1) Specific gravity, (2)
total sulphur, (3) sulphur as sulphides (CaS, and CaS;), (4)
sulphur as thiosulphate (CaS,0;) and (5) calcium (Ca) or lime
(Ca0). .

EFFECT OF VARYING PROPORTIONS OF LIME AND SULPHTUR.

We will first consider some illustrative cases in which different
proportions of sulphur were used for a fixed amount of lime, the
amount of water being the same. The results are presented and
discussed below under the following headings: (1) Proportions
of lime, sulphur and water used; amounts of solution and sedi-
ment. (2) Amounts of sulphur and lime in solution. (3) Per-
centage composition of solution.

Proportions of lime, sulphur and water; amounts of solution
and sediment.— In each of the experiments presented in the three
tables following, we used 85.7 pounds of lime and 50 gallons of
water, while the amount of sulphur varied from 385.7 to 107
pounds, or in the ratio of one to three times the amount of lime
used. Stated on the basis of 50 pounds of lime, the water used
would be 70 gallons and the sulphur would vary from 50 to 150
pounds.
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Since we used the same amount of water (50 gallons) in each
experiment and the sum of the sulphur and lime varied, the ratio
of the amount of water to the lime and sulphur used varied also;
for each pound of lime and sulphur used, we had from 2.9 to 5.8
pounds of water. The detailed data covering these and other
points are presented in Table I following. Experiments 3 and 4
are duplicates and serve to show variations possible in experiments
made under approximately uniform conditions.

TaBLE I.— AMOUNTS OF MATERIALS USED AND OF SEDIMENT FORMED.

. Per-
Total centage 3
No. Pounds of weight Pounds of Weight | of lime | Weight
of Pounds of |sulphur for|Water | of lime,| water used for of and of
ex- | materials used| one pound | used |sulphur| one pound sedi- | sulphur| solu-
peri- of lime and of lime and ment |used,in | tion
ment water sulphur sedi-
used ment
Lime: Sulphur Sul- Lime and
Lzme phur| Gals. | Lbs. |sulphur: Tater| Lbs. | Per ct Lbs.
3| 35.7—107.0 | 1 3.00 50 560 1 : 2.9 35.5 25.0 524.5
4|35.7—107.0 | 1 : 3.00 « 560 1 2.9 33.0 23.1 527.0
5| 35.7— 80. 3 1:2.25 “ 533 1 3.6 7.0 6.0 526.0
6| 35.7— 71. 1:2.00 “ 524 1 3.9 2.0 1.8 522.2
7| 35.7— 536 1:1.50 “ 506.3 1 4.7 9.7 10.9 496.6
8|35.7— 35.7|1:1.00 “ 488.4 1 5.8 17.0 23.8 481 .4

The point of special interest to be studied in connection with
the data embodied in this table is the weight and percentage of
sediment, since this factor represents the chief source of loss in
the manufacture of the lime-sulphur solution. The sediment in
these experiments varies from 2 to 35 pounds for the amount of
solution made. A somewhat better basis of comparison is the per-
centage that the sediment forms of the total lime and sulphur
used ; on this basis, the variation is from 1.8 to 25 per ct. The
largest amount and proportion of sediment occurs when the
sulphur used is largest in proportion to lime. Thus, when we use
three pounds of sulphur for one pound of lime, one-fourth of the
material does not-go into solution, as shown in experiment No. 3.
The sediment is least when the amount of sulphur is twice the
amount of lime, as shown in experiment No. 6. It is noticeable
that the amount of sediment decreases as the amount of sulphur
decreases, until the ratio of sulphur to lime drops below 2: 115
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when the ratio drops to 1.5:1 (experiment No. 7) and to 1:1
(experiment No. 8), the sediment increases. The reason why the
sediment varies in relation to the proportions of sulphur and lime
used is discussed in connection with Table II. It may be stated
that the sediment obtained was mostly in a state of fine division.

Amounts of sulphur and lime in solution made with 50 gallbns
of water— In the table following, the amounts of sulphur in
different compounds and of lime in solution arve given. The sul-
phur is given in three forms: (1) Total sulphur in solution; (2)
sulphur present in combination as sulphides (calcium tetrasul-
phide, CaS,, and calcium pentasulphide, CaS;) ; and (8) sulphur
in the form of calecium thiosulphate (CaS.0;). The sum of the
sulphide sulphur and of the thiosulphate sulphur equals the total
amount of sulphur in solution.

The value of each constituent is given in two ways: (1) The
number of pounds in the solution made with 50 gallons of water,
and (2) the percentage of each constituent used that goes into
solution. For example, in experiment No. 3, when we used 35.7
pounds of lime and 107 pounds of sulphur, we find 72 pounds of
sulphur in solution, which is equal to 67.3 per ct. of the sulphur
used ; in sulphide form we have 54.7 pounds, which is 51.1 per ct.
of the sulphur used; of lime in solution we have 34.3 pounds,
which is 96.1 per ct. of the lime used.

TaBLe II.— AMouNTS OF SULPHUR AND LiME 1N SorLuTioN MapeE witH FIrry
GALLONS OF WATER.

P Percenf— Weieh Percenf- P
ercen- . tage o eight | tage of ercen-
No Ratio Weight| tage of Welfht use o? used . |tageof sl\?;lml?ss fofr
of of lime of used su]oh r sulphur | sulphur | sulphur Weight used o b o %
exper- zinh tcl)t%l sulphur z?s v lm. lzllis' in solu- | of lime | lime o?ﬁi%:?n
iment sulphur sulphur{ 1In . solution | thio- | tion as in .
P P solution [SulPhides| o™ | sulohate| thiosul- solution|  S0lution
ulphides phate
Sul- Sul-
Lime : phur | Lbs. | Percl. Lbs. Per cl. Lbs. Perct. | Lbs. | Percl. |Lime : phur
3..... 1:3.00 72.0 67.3 54.7 51.1 17.3 16.2 | 34.3 1 96.1 ¢ 2.10
4..... 1:3.00) 71.4 69.7 56.3 52.6 15.1 14,1 35.7 | 100.0 1 : 2.00
5.. 1:2.25| 77.1 96.0 63.2 78.7 13.9 17.3 | 34.8| 97.5 1 : 222
6..... 1:2.00| 7.2 99.7 57.6 80.7 13.6 19.0 | 35.6 [ 99.7 1 : 2.0
7..... 1:1.50 | 53.6 | 100.0 41.1 76.6 12.5 23.4| 27.0 | 75.7 1 : 2.00
8..... 1:1.00| 33.8 94.6 24.1 67.5 9.7 27.1 17.8 | §0.0 1 : 1.9
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In studying the data embodied in Table 11, attention is called
to the following facts of interest:

(1) Total sulphur in solution. The amount of total sulphur in
the solution made with 50 gallons of water varies from 33.8 to 77.1
pounds. These figures do not give us any clear idea as to whether
the results are satisfactory or not, except in connection with the
amounts of sulphur used. We need to know the percentage of the
sulphur used that goes into solution, in order to know whether or
not the process is reasonably complete. In general, the proportion
of sulphur that goes into solution is least when the proportion of
sulphur used is greatest (3 of sulphur to 1 of lime) and increases
as the proportion of sulphur to lime decreases, until practically
all of the sulphur is changed into soluble compounds, which occurs
when the amount of sulphur used is not more than 2.25 times the
amount of lime used. When we use 8 pounds of sulphur for one
pound of lime, as in experiments No. 3 and No. 4, not quite 70
per ct. of the sulphur goes into solution; on the other hand, nearly
all (96 to nearly 100 per ct.) goes into solution when the amount
of sulphur drops to 2.25 pounds or less for each pound of lime
used, as shown in experiments 5, 6, 7 and 8.

(2) Sulphide sulphur. The proportion of sulphur used that
goes to form calcium terta- and pentasulphide is least when the
ratio of sulphur to lime is 3:1 (experiments No. 3 and No. 4) and
greatest when the ratio is 2.25 or 2:1 (experiments No. 5 and
No. 6); when sulphur and lime are used in a ratio of less than
2:1, the sulphide sulphur decreases (experiments No. 7 and No.
8). ‘
" (3) Thiosulphate sulphur. The proportion of sulphur used
that forms thiosulphate increases as the proportion of sulphur to
lime decreases. When most sulphur is used (3:1, experiments No.
3 and No. 4), about 15 per ct. of the sulphur forms thiosulphate;
when equal parts of sulphur and lime are used (1:1, experiment
No. 8), the proportion of sulphur that is converted into thio-
sulphate increases to 27 per ct.

(4) Lime. The proportion of lime that goes into solution is
greatest (96 to 100 per ct.), when the proportion of sulphur is 2
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or more times that of lime (experiments No. 8 to No. 6). When
sulphur and lime are used in equal amounts, only 50 per ct. of
the lime goes into solution.

(5) Ratio of lime and sulphur in solution. In the last column
of Table II, we show the ratio of calcium, in the form of lime
(Ca0), and sulphur found in solution. The results indicate that
however large an amount of sulphur we use in relation to lime,
the amount that appears in solution, under the conditions em-
ployed in this set of experiments, is limited and 1s approximately
2 to 2.2 parts of sulphur for 1 part of lime. This point will be
considered more fully later. -

(6) Indications of preceding facts. The facts stated in the
foregoing paragraphs point to the follow conclusions:

(a) Under the conditions of our experiments, the calcium of
one part of lime combines with about two parts of sulphur to
form soluble compounds, in large part calcium sulphides.

(b) When sulphur is used in excess of these proportions, the
extra amount of sulphur is not acted upon but goes unchanged
into the sediment as free sulphur (experiments No. 3 and No. 4,
Table I).

(¢) When sulphur is used in smaller proportions than 2 to 1
of lime, not enough sulphur is present to utilize for combination
all the lime, and then the unused lime appears in the sediment
(experiments No. 7 and No. 8, Table I).

(d) Generally speaking, if conditions favorable to the chemical
" reaction are observed, we get the largest proportions of sulphur
and lime in solution, and therefore have the least sediment, when
the proportion of sulphur used is 2 to 2.25 parts for 1 part of
lime. The chemical reaction when most complete appears to call
for these approximate proportions (pp. 427-8). Consequently,
when we use an excess of sulphur or of lime, the excess remains
unused and does not appear in the solution but is found as un-
changed material in the sediment.

Percentage composition of solution. In the table following, the
percentages are given of sulphur as sulphide and thiosulphate, and
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of caleium in combination with sulphur as sulphide; we also state
the estimated proportions of caleium tetrasulphide (CaS,) and
calcium pentasulphide (CaS;), which make up the sulphide
sulphur.

TasLE 1II.— PERCENTAGE COMPOSITION OF SOLUTION.

. Percen- | Percen- N
Sul- Sl‘]]l]l- Ca%;lum Ratio of tage of | tage of Sula];‘hur Su]a.;hur
No phur pinr combina-| caliinmin | Suiphide| sulphide| (S ia
of | Ragioor |Total | in | b RO Ciphige | Sulphur | sulphur | o BRES Bihie
exper- sulphor | form | ‘%™ | TR | SShTNGe | in form | in form | olg ) (ChS)
iment of sul- | ;. . D of tetra- |of penta-| ““P% s,
hides thiosul-! sulphide sulphur sulphide| sulphide| 12 in
p phate | sulphur (C;JS.) (szss) solution | solution
Sul- Cal-  Sul-
Lime : phur |Per ct.| Peret. | Per ct.| Per ct. | cium : phur | Perct. | Per ct. | Lbs. Lbs.
3..... .00 | 13.74 | 10.45 3.29 2.62 1:4.00 0. 100 0 54.7
4..... 1:3.00 114,18 | 11.29 | 2.89 3.03 1:3.73 29 71 16.3 40.0
5..... 1:2.25|14.66 | 12.02 | 2.64 3.07 1:3.92 92 5.1 58.1
6..... 1:2.00|13.64 | 11.03 | 2.61 3.25 1:3.40 73 27 42.0 15.6
7.. 1:1.50 | 11.47 8.94 | 2.53 2.83 1:3.20 100 41.1 0.
8..... 1:1.00 | 7.18 5.12 [ 2.06 1.40 1:3.65 40 60 9.6 14.5

The mere difference in percentages of constituents due to dif-
ference in the proportions of water used for a given amount of
linie and sulphur is not of special interest; but it is desirable
to know something of the proportions of the constituents in rela-
tion to one another. The point of chief interest in connection
with this table is the form of sulphide produced. In experiments
3, 4 and 5, when sulphur was used in largest proportions in com-
parison with lime, the largest amount of pentasulphide (CaS;)
was formed, varying from 71 to 100 per ct. of the total sulphide
present. When less than 2.25 parts of sulphur for 1 of lime was
used, the proportion of tetrasulphide (CaS,) was usually greater
but not uniformly so. Some condition or conditions other than
the ratio of sulphur anl lime used apparently influences the pro-
portions of tetrasulphide and pentasulphide formed.

EFFECT OF VARYING PROPORTIONS OF WATER.

We will next take up the results that follow from varying the
amount of water when the proportion of lime to sulphur is kept
uniform. In carrying out the experiments, we used lime and
sulphur in the proportions of 50 and 100 pounds, respectively,

14
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and varied the amount of water from the extreme of 70 to 30
gallons. In order that our results may all be comparable, we have
calculated them on the basis of 50 gallons of water, making the
amounts of lime and sulphur correspond. The results will be dis-
cussed in the order already used in considering the preceding
experiments.

Proportions of lime, sulphur and water; amounts of solution
and sediment.— In each of the experiments presented in Tables
IV, V and VI, we kept the proportion of lime and sulphur uni-
form, 2 parts of sulphur by weight for 1 part of lime, or 50
pounds of lime and 100 pounds of sulphur; in different experi-
ments we used 70, 60, 55, 50, 40 and 30 gallons of water. The
results are given for amounts corresponding to the use of 50 gal-
lons of water. The ratio of lime and sulphur to water vary, of
course, on account of the variable amount of water used. Ex-
periments No. 21 and No. 22 represent duplicate experiments,
carried on under conditions as nearly alike as possible.

TaBLE IV.— AMoUNTS OF MATERIALS USED AND OF SEDIMENT FORMED.

On basis of 50 gallons of water
No. Gal- Pounds of Per-
of | Pounds of | lons | water used for Total . centage .
ex- | material of one pound Pounds of weight Weuight of lime | Weight
peri- used water of lime and lime and of lime, of and of
ment used sulphur sulphur sulphur| sedi- |sulphur| solu-
used and ment |used in| tion
water sedi-
ment
Sul- Lime and X
Lime: phur sulphur: Water|Lime: Sulphur| Lbs. Lbs. Per ct. | Lbs.
6 | 50 — 100 70 : 3.9 35.7— 71.4 | 524.0 2.0 1.8 522.2
11 “ “ 60 3.3 41.7— 83.4 | 542.0 3.5 2.8 538.5
12 “ “ 55 1 3.1 45.5— 91.0 | 553.4 8.2 6.0 545.2
16 «“ “ 50 1 2.8 50.0—100.0 | 567.0 20.2 13.5 546.8
21 “ “ 40 1 2.2 62.5—125.0 | 604.5 31.7 17.0 572.8
22 “ «“ 40 1 2.2 62.5—125.0 | 604.5 33.8 18.0 570.7
24 “ “ 30 1 1.7 83.3—166.6 | 667.0 60.8 24.3 606.2

In using lime and sulphur in the ratio of 1:2, we have amounts
which are shown by the data in Table I to yield the least sediment
when we use 35.7 pounds of lime with 71.4 pounds of sulphur
and 50 gallons of water. In Table IV the data show the effect
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of maintaining the lime-sulphur ratio at 1:2 but varying the
amounts used in proportion to water in the manner shown in the
fourth column. The results, as shown in the seventh and eighth
columns of Table IV, indicate clearly that sediment increases
rapidly when we decrease beyond a certain proportion the amount
of water for a given amount of lime and sulphur, or, stated
another way, when we increase beyond a certain point the amount
of lime and sulphur for a given amount of water. The amount
of sediment increases from 2 up to 60.8 pounds as the ratio of
water to lime and sulphur decreases from 1 :3.9 to 1 :1.7. Ex-
pressed in percentages of lime and sulphur used, the sediment
increases from 1.8 up to 24.3 per ct. as the result of increasing
the concentration of the lime and sulphur in relation to water.
In respect to loss of material, the best results shown by these
experiments are given when we use 35.7 pounds of lime (pure
Ca0) with 71.4 pounds of sulphur and 50 gallons of water, in
which case we have 8.9 pounds of water for each pound of lime
and sulphur used.

Amounts of sulphur and lime in solution made with 50 gallons
The explanation in regard to the data in Table II
applies to Table V following.

of water.

TaBLe V.— AMOUNTS OF LiME AND SULPHUR IN SOLUTION.

Percen- Percen-
Percen-| Weight| tage of Weight tage Percen- Pounds
No Ratio of Weight | tage of |  of used of of used Weight | tage of | of sulphur
of lime and of used |[sulphur| sulphur | sulphur | sulphur ofg used for one
exper- sulphur total |sulphur] as in as in lime lime pound of
iment to water sulphur| in solu-| sul- solution | thiosul- | solution in lime in
tion | phides as phate | as thio- solution solution
ulphide: sulphate
. Sul-
andS. : Water| Lbs. | Perct.| Lbs. | Perod. | Lbs. | Perct. | Lbs. | Perct |Limc : phur.
6.. 1 : 39 1.2 9971 57.6 80.7 13.6 19.0 35.6 99.7 1 :-2.00
11... 1 : 3.3 81.0 1 97.2 ] 65.3 78.4 15.7 18.8 41.0 98.1 1 : 2.00
12.. 1 : 31 89.8 | 98.8| 74.8 82.3 15.0 16.5 43.7 96.0 1 : 200
16. . 1 : 28| 95.4| 954 | 84.4 84.4 110 1.0 41.0 82.0 1 : 232
21... 1 : 2.2|113.3| 9.6 102.0 81.6 11.3 9.0 47.9 76.7 1 : 240
22.. 1 : 2211135 9.8 103.2 82.6 10.3 8.2 47 .4 76.0 1 : 24
24. . 1 : 1.7 [141.6 | 8.0 | 132.4 80.0 9.2 5.0 57.3 68.8 1 : 2.40
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The data in Table V suggest several interesting points, among
which we call attention to the following:

(1) Total sulphur in solution. The amount of total sulphur
in solution varies from 71.2 to 141.6 pounds, on the basis of use
of 50 gallons of water. The percentage of total sulphur used that
goes into solution varies from 85 to 99.7 per ct. It is seen
that as we decrease the amount of water in proportion to lime and
sulphur used, a smaller proportion or percentage of the sulphur
goes into solution. To illustrate, in experiment No. 6, we used
71.4 pounds of sulphur and found in solution 71.2 pounds or 99.7
per ct. of the amount used ; in experiment No. 24, we used 166.6
pounds of sulphur and found in solution 141.6 pounds, about
twice as much as in experiment No. 6, but this was only 85 per
ct. of the amount used (166.6 pounds), 25 pounds going unused
into the sediment. These two experiments are alike in every
respect except in relation to the ratio of sulphur and lime to
water; in No. 6, the ratio is 1 :3.9, and in No. 24, it is 1 :1.7.
The results of the intermediate experiments show a marked de-
crease in the proportion of sulphur utilized when the proportion
of water to lime and sulphur decreases.

(2) Sulphide sulphur. When we consider the proportion of
sulphur that goes into solution as sulphides (CaS, and CaS;), it
is noticeable that the decrease of water does not appear to affect
the results greatly, as shown in the sixth column of Table V. So
long as we have the proportions of lime and sulphur uniform, the
proportion of water used within the limits shown in Table V
does mnot increase or decrease greatly the percentage of sulphur
going into solution as sulphides.

(3) Thiosulphate sulphur. In the seventh and eighth columns,
the results show that, when the proportion of water to lime and
sulphur decreases, the proportion of sulphur found in solution as
thiosulphate decreases also; the decrease is quite regular and
marked. The decrease of thiosulphate is due to its being changed
into insoluble caleium sulphite (CaSO,;) and free sulphur (p.
411).



421

(4) Lime. The proportion of lime used that goes into solu-
tion is greatest (99.7 per ct.) when the proportion of water is
greatest (experiment No. 6) and least (68.8 per ct.) when the
proportion of water is least (experiment No. 24), under the condi-
tions of the work.

(5) Ratio of lime and sulphur in solution. In the last column
of Table V, we give the ratio of calcium, in the form of lime
(Ca0), and of sulphur found in solution. The results indicate
that, when we have 3 or more parts of water for one part of lime
and sulphur (lime and sulphur being 1:2), we have two parts of
sulphur in solution for one part of lime (experiments 6, 11, 12);
when the proportion of water is less than 3 parts to 1 part of lime
and sulphur, an increased amount of sulphur goes into solution in
proportion to lime, 2.3 to 2.4 parts of sulphur being found for
one part of lime (experiments 16, 21, 22, 24). This point will
be further considered later (pp. 424, 425).

(6) Indication of preceding facts. From the statement of
results preceding, we are justified in stating the following con-
clusions: :

(a) Under the conditions of the experiments, less lime and
sulphur go into solution when the amount of water decreases or,
stated another way, larger amounts of sediment are formed when
the proportion of water to lime and sulphur decreases. The sedi-
ment under the conditions used in these experiments is largely
calcium sulphite (CaSOs). -

(b) The proportion of sulphur that goes into solution as sul-
phide is not greatly different when the proportion of water to
lime and sulphur varies considerably (1:3.9 to 1:1.7), other con-
ditions being uniform.

(¢) The percentages of calecium and sulphur that remain in
solution as calcium thiosulphate (CaS.0;) grow less as the pro-
portion of water to lime and sulphur decreases, while the amount
of calcium sulphite (CaSO;) increases in the sediment.

Percentage composition of solution.— In Table VI below, we
give the percentages of sulphur as sulphides and as thiosulphate,
and of caleium in solution in combination with sulphur as sul--
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phide; we also give the calculated proportions and number of
pounds of sulphur as calcium tetrasulphide (CaS,) and calcium
pentasulphide (CaSs).

TaBLe VI.— PgRCENTAGE COMPOSITION OF SOLUTION.

Percen-
Sul- : Percen-
No Ratio of E]\;Lll; phur Ca]i?xlum Ratio of tage of ;ﬂlg;h?cfle Su]g);mr Su];)sl\ur
of lime and Total in fm combina-| calcium in su{plg]de sulphur | tetra- | penta-
exper- sulphur sulphur| form o(;'fm tion sulphide f: g)rumr in form | sulphide| sulphide
ment fo water sgg- thii)' smﬁ;}tﬁlide mstsxllljl)%?llrde of {’eg?{ pegftn- (Ci'\nbi) (C;‘ns 9
hid sul- sulphide . : .
phides phate sulphur (CaSy) s(ucl?g:‘jlc solution | solution
L. Cal-  Sul-
and S. : Water| Per ct. | Per ct. | Per ct. | Perct. | cium : phur | Perct. | Perct. Lbs. Lbs.
8.. 1 : 3.9)13.64|11.03 | 2.61 3.25 1:3.39 73 27 42 15.6
11.. 1 : 3.3(15.06 | 12.14 | 2.92 3.61 1:3.36 76 24 50 15.3
12.. 1 : 3.1|(16.48|13.72 | 2.76 3.99 1:3.44 65 35 48.6 26.2
16.. 1 : 28(17.45|15.43| 2.02 4.09 1:3.77 24 76 20.3 64.1
21.. 1 : 221979 [ 17.81 | 1.98 4.73 1:3.77 24 76 24.5 77.5
22.. 1 :22]19.91(18.11] 1.8 4.80 1:3.77 24 76 24.8 78.4
24, . 1 : 1.7123.36|21.84] 1.52 5.80 1:3.77 24 76 31.8 100.6

The main point of interest in this table is the form of sulphide
produced. In experiments 6, 11 and 12, when dilution with
water was greatest, the largest amount of tetrasulphide (CaS,)
was formed, varying from 65 to 76 per ct. of the total sulphide
present. When water was used in proportions less than 2.8 parts
for one part of lime and sulphur, a larger amount of pentasul-
phide (CaS;) was formed, 76 per ct. in experiments 16, 21,
22, 24. Apparently, under the conditions of these experiments,
there is a dividing line (3.1 parts of water to 1 part of lime and
sulphur), above which dilution up to the limits used gives a larger
proportion of tetrasulphide, and below which concentration or use
of less water gives larger proportions of pentasulphide. As
pointed out later this result does mnot hold good when we use
sulphur in larger proportions than 2 of sulphur to 1 of lime,

ADDITIONAL EXPERIMENTS IN STUDYING EFFECTS OF VARYING PRO-
PORTIONS OF WATER, LIME AND SULPHUR.

Thus far we have discussed two sets of experiments, in each
of which variation of only one factor at a time was studied.
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(1) In the first set (experiments 3-8, Tables I-III), the amount
of lime (35.7 pounds) and of water (50 gallons) was kept the
same, but the amount of sulphur used was made to vary from 35.7
to 107 pounds, the ratio of lime and sulphur varying from 1:1 to
1:3. (2) In the second set of experiments, the amounts of lime
and sulphur used were kept uniform (50 pounds of lime and 100
pounds of sulphur), while the amount of water varied from 30 to
70 gallons, so that the ratio of lime and sulphur to water varied
from 1:1.7 to 1:3.9; or, stated in another way, the amount of
water was kept the same (50 gallons) while the amount of lime
used was made to vary from 35.7 to 83.3 pounds and the sulphur,
from 71.4 to 166.6 pounds, the ratio of lime to sulphur in every
case being 1:2. In order to avoid confusion, the discussion of
additional experiments involving other variations in proportions
of constituents has been postponed but will be now taken up.

Several experiments were tried in which we used 50 pounds of
lime and 150 pounds of sulphur with amounts of water varying
from 70 to 40 gallons. We do not give the detailed results of these
experiments, because we have already shown that when lime and
sulphur are used in the ratio of 1:3, more sulphur is used than
can possibly combine with the lime, and the unused sulphur simply
goes to increase the amount of sediment. The sediment increases
when the amount of water used decreases, so that we found in
our experiments that from 25 to 38.5 per ct. of the lime and
sulphur used goes into the sediment, the largest percentages occur-
ring when we used the lowest amounts (40 and 50 gallons) of
water. In other details, the results of these experiments agree
with those discussed in Tables IV-VT in respect to the effect of
using less water in proportion to lime and sulphur. Any mixture
of lime and sulphur in which the ratio of lime and sulphur is 1:3
is not economical to use, whether with large or small amounts of
water and we can dismiss this part of our experimental work with-
out need of further discussion.

It is desirable, however, that we consider the experiments in
which we used lime and sulphur in the ratio of 1:2.25 with vary-
ing amounts of water. Experiments 5, 10 and 15 are laboratory
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experiments with pure lime; experiment 25 is on a commercial
scale and the lime used was not pure. The essential facts can be
brought out in the two tables following:

TaprLe VIL.— AMOUNTS OF MATERIAL USED AND SEDIMENT FORMED.

On basis of 50 gallons of water
N?. l:oundsdo¥ Per-
[V water uset or
. Pounds of |[Water centage
ex- material used | One pound Pounds of | Weight | of lime | Weight
peri- of lime and ) '3
ment used sulphur lime and of and of
sulphur sedi- sulphur solu-
used ment | used in tion
sedi-
ment
|
Lime and
Lime: Sulphur| Gals. |sulphur: Water|Lime: Sulphur| Lbs. Per cl. Lbs.

5 50—112.5 70 1 : 3.6 35.7— 80.3 7.0 6 526
10 “ “ 60 1 : 3.1 41.7— 93.8 8.1 6 544
15 “ “ 50 1 : 2.6 50.0—112.5 17.9 11 562
25 36*—81 50 1 : 3.6 36.0— 81.0 4.2% 3.6 530

* This represents 40 pounds of commercial quicklime containing 90 per ct. pure lime

20).
+ This is loss due to calcium sulphite and does not include the 4 pounds of useless material
in the commercial lime. The total sediment is 8.2 pounds.

TasLe VIII.— LiME AND SULPHUR IN SOLUTION.

Percentage
No. | Ratio of lime |Eercentage Egg‘f{”ﬁﬁf of sulphur | Percentage Ratio of
of nd sulphur of sulphur | ™ 0 "in used in of lime calcium in
ex- | 208 Sraber used in | oolgion |solutionas| used in sulphide to
peri- 0 W solution as sulphide thio- solution | sulphide sulphur
ment P sulphate
Lime and .
sulphur: Water Per ct. Per ct. Per ct. Per ct. |Calcium: Sulphur
5 1 : 3.6 96 78.7 17.8 97.5 1 : 3.92
10 1 3.1 95.9 77.7 18.2 97.6 1 3.96
15 1 2.6 88.6 71.4 17.2 94.5 1 3.72
25 1 3.6 98.0 | .o | e ) e 1 3.93

In studying Tables VII and VIII, we observe the following
facts:

(1) ‘Sediment. When we use, as in experiment No. 5,
35.7 pounds of lime and 80.3 pounds of sulphur (ratio of lime to
sulphur, 1:2.25) with 50 gallons of water (ratio of lime and
sulphur to water, 1:3.6), the total sediment amounts to 7 pounds,
or 6 per ct, of the lime and sulphur used, The same proportion



425

of loss occurs in experiment No. 10 when we use 41.7 pounds of
lime and 93.8 pounds of sulphur (ratio, 1:2.25) with 50 gallons
of water (ratio of lime and sulphur to water, 1:3.1) When, how-
ever, we increase the lime to 50 pounds and the sulphur to 112.5
pounds with 50 gallons of water, the proportion of sediment is
about double, as shown in experiment No. 15. In experiment No.
25, carried out with commercial lime and on a larger scale (50
gallons of water) than the other experiments, the actual weight of
sediment found was 8.2 pounds, of which amount 4 pounds was
due to impurities in the commercial lime used and 4.2 pounds to
the result of regular chemical change, or the amount that would
have been found if pure lime had been used. In this and several
other experiments carried out on a commercial scale, the sediment

- has been found to be inappreciable when we use 36 pounds of

lime (equal to 40 pounds of 90 per ct. lime) and 80 pounds of
sulphur with 50 gallons of water. In our experience, the sedi-
ment is not only slight in amount but is very fine.

(2) Sulphur and lime recovered in solution. In Table VIII,
we see that nearly all of the sulphur used (96 to 98 per ct.) is
found in solution, as shown in experiments 5, 10 and 25. In
experiment No. 15, when we used more lime and sulphur in
proportion to water (1:2.6), less than 90 per ct. of the sulphur
used was found in the solution. It is seen also that the lime goes
into solution more completely when the water is used in larger
proportion to lime and sulphur. The percentage of sulphur ap-
pearing as tlﬁosulphate does mnot vary greatly in the different
experiments.

(3) Pentasulphide and tetrasulphide. In experiments 5, 10
and 25, we have for 1 part of calcium in combination with sul-
phur nearly 4 parts of sulphur, which means that the sulphide is
practically all in the form of calcimm pentasulphide (CaS;). In
experiment No. 15, where the amounts of lime and sulphur used
were greater in proportion to the water used, we have a mixture
of about one-third tetrasulphide (CaS,) and two-thirds penta-
sulphide.
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EFFECT OF CONCENTRATION OF LIME-SULPHUR SOLUTIONS BY
EVAPORATION AT BOILING TEMPERATURE.

Two experiments were made in which two different lime-
sulphur solutions were concentrated by evaporation at boiling
temperature. In one case the concentration was equal to the re-
duction of 50 gallons to 30 gallons and in the other, of 50 gallons
to 20 gallons. The data of special interest are contained in the
following table: '

Tasre IX.— Errect oF CONCENTRATING LiME-SULPHUR SOLUTIONS BY BOILING

Volume of Density of P se:lceﬁgﬁ of Thiosulphate | Ratio of caleium to sulphur | Per-
solution solution s bhu sulphur in sulphides centage
olution of thio-

No. sul-
of phate
experi- | Before | After | Before | After | Before | After | Before | After sulphur
ment | con- | con- | con- [ con- [ con- | con- | con- | con- Before After changed
cen- | cen- | cen- | cen- | cen- cen- cen- | cen- | concentration | concentration | to sul-
tration |tration| tration |tration| tration | tration | tration |tration phiw on

boiling

Deg. | Deg. Sul- Sul-

Gals. | Gals. B B | Perct.| Perct.| Lbs. | Lbs. | Lime : phur | Lime : phur | Per ct.
1 ... 50 30| 21 32.8 | 13.74 | 21.43 | 13.45 {12.30 1: 3.72 1: 3.7 8.5
2 ... 50 20 | 24.5|33.8|16.14 | 25.91 | 15.40 | 2.90 1: 37 1: 3.66 81.0

The principal point of importance in connection with this table
is the fact that more or less of the thiosulphate (CaS,0,) is
changed into insoluble caleium sulphite (CaSO,;) and free sulphur
when the lime-sulphur solution is concentrated by boiling. In the
first experiment, 8.5 per ct. of the thiosulphate sulphur was
changed into sulphite and free sulphur, appearing as sediment;
this was equal to a loss of 1.15 pounds of thiosulphate sulphur
present in the original 50 gallons of solution. In the second ex-
periment, where the boiling was continued longer and the concen-
tration was considerably greater, the change of thiosulphate into
sulphite and free sulphur was much greater, amounting to about
81 per ct. of the thiosulphate in the original solution; this loss was
equivalent to 12.5 pounds of thiosulphate sulphur for 50 gallons
of original solution.

These facts serve to illustrate the effects of evaporation by long-
continued boiling of lime-sulphur solutions for the purpose of pro-
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ducing concentrated solutions with high percentage of soluble
sulphur. Low percentage of thiosulphate sulphur is characteristic
of commercial, concentrated lime-sulphur solutions. Fresh
solutions containing less than 17 per ct. of total soluble sulphur
usually contain 2.5 to 3.5 per ct. of thiosulphate sulphur. Con-
centrated solutions of commerce containing 25 per ct. or more of
total sulphur usually contain only 0.6 to 0.9 per ct. of thiosulphate
sulphur, rarely going above 1 per ct. This condition is suggestive
that these concentrated solutions have been prepared by evapora-
tion at boiling temperature.

The question has arisen among fruit-growers as to why home-
made preparations are not as high in soluble sulphur as are com-
mercial preparations. The reason of the difference is simply a
~matter of evaporation of water, and any properly home-made
preparation can, if desired, be made as concentrated as any com-
mercial mixture. While this treatment may be desirable in com-
mercial preparations in order to reduce the cost of barreling and
of transportation, it is extremely doubtful if it will ever be found
economical, or for any sufficient reason desirable, for those
who prepare home-made solutions. The only gain lies in reducing
somewhat the number of barrels required for storage in those cases
where the preparation is made some weeks or months before it is
needed for use. Against the small gain in the matter of reducing
the number of barrels needed for storage must be placed, (1) the
cost of fuel required to concentrate the solution, (2) the amount
of time used in the process and (3) the loss of thiosulphate sul-
phur with corresponding increase of sediment. While thiosulphate
sulphur is not at present regarded as of equal value with the penta-
sulphide and tetrasulphide sulphur, at least for destruction of
scale insects, it is of sufficient value to save from needless loss.

SOME OF THE CHEMICAL CHANGES OCCURRING IN THE MAKING OF
LIME-SULPHUR SOLUTION.

The exact chemical changes taking place when lime and sulphur

are boiled in water are not known in full. In the simplest kind
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of change, there is formed a large amount of pentasulphide
(Ca8;) or tetrasulphide (CaS,) and a relatively small amount
of thiosulphate (CaS.0;). If only pentasulphide with thiosul-
phate is formed, there is required for one pound of lime 2.28
pounds of sulphur; if omly tetrasulphide and thiosulphate are
formed, then the reaction calls for 1.90 pounds of sulphur for one
pound of lime; if both pentasulphide and tetrasulphide along with
thiosulphate are formed, the amount of sulphur required for one
part of lime varies between 1.90 and 2.28 pounds. Some addi-
tional or secondary changes may take place which require more sul-
phur, but these arve details about which we are lacking in full
knowledge for the most part; though the chief and best known of
these secondary changes is the formation of calcium sulphite
(CaS0;) and free sulphur by decomposition of caleium thiosul-
phate (CaS,0;). We will call attention to three points in con-
nection with the ratio of sulphur and lime called for, as shown by
the results of our experimental work: (1) The proportions of sul-
phides and thiosulphate formed; (2) the change of thiosulphate
into sulphite; and (3) the proportions of lime and sulphur found
in solution.

Proportions of sulphides and thiosulphate fozmed——In the
simplest kind of chemical change, when we have only sulphide and
thiosulphate formed, about 17 to 20 per ct., or one-sixth to one-
fifth, of the sulphur used goes to form thiosulphate sulphur, pro-
vided water, lime and sulphur are used in proportions such that
they go into solution most completely (1 of lime: 2—2.25 sul-
phur. See Table II, exp’s 5 and 6). Ordinarily we have in the
freshly made lime-sulphur solution 4 to 4.5 parts of sulphide sul-
phur for 1 part of thiosulphate sulphur. When lime is used in
greater proportions than 1 to 2 of sulphur, large amounts of thio-
sulphate appear (Table IT, exp’s 7-8). When a lime-sulphur solu-
tion is made with an amount of water such that the ratio of water
to lime and sulphur is much below 3:1, the thiosulphate is
changed to sulphite and therefore appears in much smaller per-
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centage in solution (Table V, exp’s 16-24); under such condi-
tions, there may be left in solution so small an amount of thiosul-
phate as to form only ahout one-tenth of the sulphide sulphur.

Change of thiosulphate into sulphite. Small amounts of thio-
sulphate in solution in proportion to sulphides indicate that the
thiosulphate was originally formed in the usual amounts (17-20
per ct. of solution) but has been subsequently changed into the in-
soluble compound, calcium sulphite, together with some free sul-
phur. This conversion of thiosulphate into sulphite and sul-
phur is favored by use of too small an amount of water in propor-
tion to the lime and sulphur used (Table V, exp’s 16-24) or by
boiling too long (Table IX) or by combination of both conditions.

Proportions of lime and sulphur in solution. Taking the
amounts of total sulphur and lime, equivalent to calcium, in solu-
tion in our different experiments, we find that, for one pound of
lime, the sulphur varies from 1.9 to 2.40. These figures agree
with the amounts called for by the reaction commonly given, as
already referred to. The effect of using an amount of sulphur in
excess of the proportion of 2.25 to 1 is shown by the following
results:

TaBLE XI.— PROPORTIONS OF LIME TO SULPHUR IN SOLUTION.

Pounds of Pounds of
. stﬁogggsuggd water used | sulphur found
No. of experiment Pounds used fopr one of for one of in solution
lime lime and for one
sulphur of lime
. Lime and
Lime: Sulphur,Lime: Sulphur|sulphur: Water|Lime: Sulphur
2 35.7—107 1 : 3.00 1 2.9 1 : 2.10
- 35.7—107 1 : 3.00 1 2.9 1 2.00
13 e 50 —150 1 : 3.00 1 2.1 1 2.23
B 25 — 70.5 1 2.80 1 4.4 1 1.94
O 42 —I111 1 2.70 1 2.7 1 2.12
2 31 — 75 1 2.40 1 3.9 1 2.26
5 2PN 35.7— 80.3 1 2.25 1 3.6 1 2.22
100 .o 42 — 94 1 2.25 1 3.1 1 2.21
15, e 50 —112.5 1 2.25 1 2.6 1 2.10
[ 36 — 72 1 2.00 1 3.9 1 2.00
L 42 — 84 1 2.00 1 3.3 1 1.98
12,000 45.5— 91 1 2.00 1 3.1 1 2.05
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The fact is shown quite strikingly by the data in this table that
when we use more sulphur than 2.25 parts for 1 part of lime, we
do not get any more sulphur into solution in proportion to lime.
When we use 3 parts of sulphur for 1 of lime, we have in solu-
tion 2 to 2.23 parts of sulphur for 1 of lime. This indicates that
the chemical reaction is a fairly definite one and when we use
more sulphur than can combine with the lime, the surplus sulphur
remains unchanged, going into the sediment. It is obvious, also,
that the amount of sulphur that combines with lime is not af-
fected by the amount of water present. These results indicate
that the most economical proportion of lime and sulphur to use is
1:2.25; with these proportions there is least possible waste in the
process, since the chemical reaction appears to be complete under
these conditions.

CONDITIONS FAVORABLE TO FORMATION OF SEDIMENT IN LIME-
SULPHUR SOLUTIONS.

Our experiments have all helped to some extent to indicate
the conditions under which sediment is formed in the manufac-
ture of lime-sulphur solutions. It may be useful here to call
special attention, by way of a summary, to the different condi-
tions that affect the formation of sediment or insoluble matter.
The causes of formation vary and also the character and composi-
tion of the sediment. The principal facts may be briefly stated, as
follows:

(1) Calcium sulphite. In the usual method of making lime-
sulphur mixtures, some calcium sulphite (CaS0;) is always
formed from calcium thiosulphate as an unavoidable part of
the chemical changes taking place, and this compound, being in-
soluble, appears as sediment. It is formed in larger amounts by
long-continued boiling, as when (a) a dilute solution is made
more concentrated, or (b) by the ordinary amount of boiling (1
hour) when too little water is used in proportion to lime and sul-
phur, or (¢) when the mixture becomes too concentrated in the
kettle as a result of evaporation during boiling. Plenty of water



431

and avoidance of too long boiling reduce to a minimum the
amount of sediment due to calctum sulphite.

(2) Impurities in lime and sulphur. Compounds present in
lime and sulphur, which do not take any part in the chemical
changes that result in the formation of the sulphides of calcium
(CaS, and CaS;), form part of the sediment. Of the compounds
most apt to occur in quicklime or lump-lime, the following may
be mentioned: Carbonate of lime, compounds of magnesium,
iron, aluminum, ete. Sulphur can easily be obtained that is prac-
tically free from impurities, usually being over 99 per ct.
pure; but when any insoluble impurities are present in the sul-
phur used, they contribute to increase the amount of sediment.
 (8) Lime used in excess. When lime is used in amounts
larger than can combine with the amount of sulphur present to
form soluble compounds, the excess of lime appears as part of the
sediment. Generally speaking, when we use more than one part
of lime for two parts of sulphur, the amount of lime used above
this proportion is unchanged and remains insoluble as part of the
sediment, especially if enough water is used. This fact readily
accounts for the large amounts of sediment formed when some of
the old formulas were used, in which the amount of lime equalled
or exceeded that of sulphur. Any lime that, through lack of com-
plete slaking, is allowed to remain in lumps and fails to take
part in the lime-sulphur reaction, goes into the sediment.

(4) Sulphur used in excess. Theoretical considerations, in
harmony with actual experiments, indicate that when we use sul-
phur in proportions greater than 2.25 parts for 1 part of lime, the
excess of sulphur remains unchanged, appearing in the sediment
as free sulphur. TFor example, when we use 3 parts of sulphur
for 1 of lime, 30 to 40 per ct. of the sulphur used is found in
the sediment. When the ratio of sulphur to lime is 2.25 (or
less) :1, we find only 1 to 5 per ct. of the sulphur in sediment
and this is there not as free sulphur but as caleium sulphite, hav-
ing been taken into solution and changed again to an insoluble
form. Sulphur in finely powdered form easily gathers into little
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lumps which are not easily penetrated by water and which may
remain unchanged, passing as free sulphur into sediment. It is
essential that the lime-sulphur mixture be constantly and thor-
oughly stirred during the process of making so as to break up as
completely as possible all lumps of sulphur or of lime.

EFFICIENCY OF LIME-SULPHUR SOLUTIONS IN RELATION TO CHEM-
ICAL COMPOSITION.

In what particular manner the lime-sulphur solution acts as
an insecticide and fungicide, no one has yet clearly demonstrated.
What specific compounds are directly responsible for the effects
produced we are not yet certain. It is held, as the result of some
experimental work, that the effect of the lime-sulphur mixture is
not due to the direct action of calcium pentasulphide (CaS;) or
of calcium tetrasulphide (CaS,), but is due rather to compounds
that are formed from these, either calcium thiosulphate (CaS.0s),
or free sulphur, or both. If the directly effective substance is
calcium thiosulphate, then the amount that can be formed from
the lime-sulphur solution is directly dependent upon and pro-
portional to the amount of calcium pentasulphide or tetrasulphide
in solution. If the sulphur set free from the pentasulphide,
tetrasulphide and thiosulphate is the effective agent, then the
amount of compounds in solution capable of furnishing the
largest amount of free sulphur directly determines the value of
the solution. Calcium pentasulphide is capable of furnishing
more free sulphur by decomposition than the tetrasulphide and
this more than the thiosulphate. If the free sulphur is the ma-
terial desired, then the solution containing the largest amount of
pentasulphide is the most valuable. It is now commonly believed,
whether correctly or not, that the solution containing most penta-
sulphide is most effective, at least in connection with destruction
of scale insects. Whatever may prove to be the facts in relation
i to the manner of action of the lime-sulphur solution, it is obvious

that its efficiency stands in some close and direct relation to the

1
|
|
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amount of sulphide compounds contained in it, or, in other words,
to the chemical composition of the solution.

KEEPING-POWER OF LIME-SULPHUR SOLUTION ON STANDING. .

One sample of lime-sulphur solution was examined after it had
been standing for a month in a warm room in a stoppered bottle.
There was a slight deposit of free sulphur. The total amount of
sulphur in the fresh solution was 13.74 per ct.; at the end of a
month, the sulphm" in solution was 13.66 per ct., essentially the
same as in the fresh solution.

ANALYSIS OF CRYSTALS FORMED IN LIME-SULPHUR SOLUTIONS.

In a barrel of concentrated lime-sulphur solution, there were
deposited, after standing some months, large reddish-brown crys-
tals. An analysis of these crystals showed them to consist of cal-
cium sulphides with a very small amount of calcium thiosulphate.
The crystals consisted chiefly of a mixture of about equal parts of

“calcium pentasulphide (CaS;) and calcium tetrasulphide (CaS,).

In an experiment, in which we used only 15 gallons of water for
50 pounds of lime and 100 of sulphur, and, after boiling, diluted
to 50 gallons, needle-shaped crystals separated. The ratio of cal-
cium to sulphur in these erystals was found to be 1:3.31, which in-
dicates that the crystals are nearly all calcium tetrasulphide
(CaS,). The remaining solution after the removal of the crystals
contains larger amounts of pentasulphide, the ratio of calcinum to
sulphur being 1:3.60.

RELATION OF DENSITY. OF SOLUTION TO PERCENTAGE OF SULPHUR
AS A BASIS FOR DILUTION.

The relation of density of lime-sulphur solutions to the percen-
tage of total sulphur in solution is a matter of fundamental im-
portance, because in orchard practice the extent of dilution is
made to depend upon the density as measured by specific gravity,
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which is preferably expressed in degrees Beaumé on account of
simplicity. The method of dilution of lime-sulphur solutions is
based upon the supposition that one degree, Beaumé, corresponds
to the same percentage of sulphur, whether in dilute or in concen-
trated solutions. Previously, we have had insufficient data upon
which to base reliable statements in regard to the ratio of den-
sity to sulphur content of solutions. On the basis of a few data,
the statement was made in Bulletin No. 319 (p. 415) that, in
general, one degree, Beaum4, corresponds approximately to 0.76
per ct. of sulphur in concentrated solutions within the limits of
density indicated by 25° to 33° B. As we shall see this general
statement needs some modification in the interest of accuracy.
For the purpose of making as careful and complete a study as
possible of the relations of density to percentage of sulphur in
lime-sulphur solutions, we have brought together in Table X the
results of sixty-two analyses of samples, the history of which is
known to us in each case. In the fourth, fifth, ninth and tenth
columns are given some additional data, to which reference will
be made later. A

We will now consider in detail (1) the relation of density of
solution to percentage of sulphur, (2) the adoption of definite
values expressing such relations, as a basis for diluting lime-sul-
phur solutions and (3) an application of the method of dilution
to cases of known composition for the purpose of teéting the accu-
racy of the proposed dilutions. ’

The percentage of sulphur corresponding to 1°B. is obtained
simply by dividing the percentage of sulphur in solution by the
number representing the density of that solution in Beaumé
degrees.
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TaBLE X.— RELATION oF DENSITY OF SOLUTION TO PERCENTAGE OF SULPHUR.

Per-
Percent- [Sulphur Per- Per- | centage|Sulphur
Percent- | Percent- | age of in1 centage| centage| of in 1
age of | age of [ sulphur |gall. of of of | sulphur| gall. of
Density | sulphur | sulphur in diluted | Density | sulphur {sulphur|  in iluted
in for diluted | solu- in for |diluted | solu-
solution | 1° B. |solution | tion solu- | 1°B. | solu- | tion
tion tion
Degrees, . Degrees, -

Beaume Perct. | Perct, | Perct. Ozs, | Beaume| Per ct. | Perct. | Perct. | Per ct
11. 7.18 0.60 | ...... [ ..... 29.9 [ 21.31 0.71 3.34 4.62
16.7 10.14 0.61 3.16 4.37 30.0 | 21.19 0.71 3.32 4.57
17.8 11.47 0.64 3.36 4.67 30.4 | 20.22 0.67 3.18 4.40
20.0 12.78 0.64 3.36 4.67 30.4 | 21.17 0.70 3.33 4.60
21.0 13.74 0.65 3.44 4.74 30.4 | 22.75 0.73 3.58 4.94
21.4 14.18 0.66 3.56 4.91 30.4 | 23.28 0.77 3.66 5.07
21.5 13.64 0.63 3.43 4.73 30.9 | 23.55 0.76 3.51 4.83
21.6 14.66 0.68 3.50 4.82 31.1 | 22.75 0.73 3.40 4.70
21.9 16.33 0.75 3.90 5.40 31.2 | 23.72 0.76 3.54 4.89
22.3 16.50 0.74 3.95 5.47 31.2 | 24.32 0.78 3.63 5.00
23.7 15.06 0.64 3.32 4.57 31.2 | 24.34 0.78 3.64 5.02
24.1 16.61 0.70 3.50 4.82 31.4 | 22.87 0.73 3.43 4.73
24.2 15.28 0.63 3.22 4.44 31.4 | 23.36 0.74 3.50 4.82
24.5 16.14 0.66 3.41 4.71 31.5 | 23.15 0.73 3.47 4.78
24.5 16.53 0.68 3.46 4.76 31.8 | 24.47 0.77 3.57 4.92
24.5 17.45 0.71 3.68 5.10 31.9 | 24.70 0.77 3.60 4.97
24.7 16.48 0.67 3.20 4.41 32.0 | 24.52 0.76 3.58 4.95
24.7 15.43 0.62 3.00 4.13 32.2 | 21.83 0.68 3.20 4.41
26.8 18.73 0.70 3.30 4.54 32.7 | 25.68 0.78 3.57 4.92
26.8 19.68 0.73 3.46 4.76 33.0 | 25.72 0.78 3.58 4.94
26.9 19.78 0.74 3.48 4.80 33.0 | 25.60 0.77 3.56 4.91
27.1 19.80 0.73 3.48 4.80 33.5 | 25.48 0.76 3.56 4.91
27.2 19.79 0.73 3.49 4.81 33.5 | 26.05 0.78 3.64 5.02
27.4 19.91 0.73 3.52 4.85 33.6 | 25.66 0.76 3.50 4.82
27.9 19.30 0.70 3.30 4.55 33.9 | 26.49 0.78 3.62 4.99
28.5 22.39 0.78 3.84 5.30 34.0 | 25.93 0.76 3.54 4.89
28.6 21.02 0.73 3.38 4.68 34.2 | 25.81 0.75 3.53 4.87
29.0 19.90 0.69 3.21 4.43 34.3 | 26.03 0.76 3.57 4.92
29.0 21.00 0.73 3.39 4.69 34.5 | 25.43 0.74 3.50 4.82
29.2 19.98 0.70 3.22 4.44 35.7 | 26765 0.75 3.43 4.73
29.8 22.35 0.75 3.50 4.82 36.0 | 27.82 0.77 3.58 4.94

In examining the third and eighth columns in Table X, we no-
tice that the percentage of sulphur corresponding to 1°B. shows a
general tendency to become higher as the density increases. Be-
low 25°B., each degree represents in most cases less than 0.70 per
ct. of sulphur; in solutions testing above 25° B., each degree cor-
responds to about 0.75 per ct. of sulphur.

Another point to which attention should be called is the evi-
dence of some marked irregularities; there are some cases in
which solutions having the same density contain variable percen-
tages of sulphur, as, for example, three solutions testing 24.5° B,
but varying in sulphur ratio from 0.67 to 0.71, and, again, four
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solutions testing 30.4° B. but varying in sulphur ratio from 0.67
to G.77. The irregularities observed are probably about as ex-
treme as are apt to occur and, indeed, much greater than occur in
the case of properly managed home-made washes. In view of the
irregularities observed in the relation of density, expressed in de-
grees, Beaumé, to the percentage of sulphur, the question arises
as to whether we can devise any method of meeting this condi-
tion, in order that we may make use of the density in degrees
Beaumé as a basis for diluting lime-sulphur solutions to the
proper degree required for different purposes. A

Adoption of values as basis for diluting lime-sulphur solution.
In making dilutions of lime-sulphur solutions for application to
trees, it is desirable that the diluted solutions contain as nearly
as possible the same amount of sulphur when used for a given
purpose, if it is expected to obtain uniform results. It is neces-
sary to have the following data as a basis: (1) The amount of
sulphur which a gallon of dilute solution should contain for a spe-
cific use; (2) the percentage of sulphur that is necessary to
allow for each degree, Beaumé; and (3) the rate of dilution for
each degree, Beaumé, which shall make the diluted solutions con-
tain the same percentage of sulphur, or, expressed in another way,
the same number of ounces of sulphur in one gallon of diluted
“solution.

Mr. P. J. Parrott has furnished the following information
bearing on the first point: In treating San José scale, each gal-
lon of diluted lime-sulphur solution should contain about 4.75
ounces of sulphur. This dilution is obtained approximately by
diluting one gallon of lime-sulphur solution testing 33° B. with 8
gallons of water, making 9 gallons of diluted solution. In spray-
ing for blister'mite, one gallon of solution (33° Beaumé) is diluted
with 11 gallons of water; and, for fungicidal work on foliage, the
dilution is 40 gallons of water for one gallon of lime-sulphur
solution (33° B.). On the basis of these statements, we readily
learn by making the proper calculations that one gallon of diluted
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solution prepared for San José scale should contain 3.45 per ct. of
sulphur; that one gallon of solution prepared for blister-mite
should contain about 3.56 ounces of sulphur, which is equivalent to
2.60 per ct.; while as a fungicide, each gallon should contain 1.04
ounces of sulphur, which is equivalent to 0.775 per ct. of sulphur.

In assigning a sulphur value for each degree, Beaumé, the fig-
ures given in the second column of Table XTI were adopted as
making the closest practical approximation to actual facts and in-
volving the least error. It is observed that, starting at 36° B.,
the sulphur value is 0.75 and that this is made gradually to de-
crease as the density decreases, until at 20° B. and below the
value of 0.65 is given. These values have been so selected that,
as will be seen later, any deviation from normal will nearly al-
ways be in the direction of diluted solutions a little above required
strength, instead of more or less below.

The rate of dilution is based upon the density in degrees,
Beaumé, in such a way that the diluted mixturé contains the same
percentage of sulphur or the same number of ounces in a gallon.
The data for the calculations are given in the table below. Where
the number of gallons of water to be added to one gallon of solu-
tion involves a fraction, the quarter nearest the exact figure is
used for convenience; this does not impair appreciably the accu-
racy of the dilution, as shown by the percentage of sulphur in
each diluted mixture. The details in Table XI are given for the
benefit of those who desire to know upon what data the figures
are based for making the different dilutions.

The percentages of sulphur in the diluted solution can be ob-
tained by dividing the number of pounds of sulphur in one gallon
of solution before dilution by the weight of the whole mixture
after dilution. The number of ounces in one gallon of diluted
mixture is found by dividing the number of ounces of sulphur in
one gallon, before dilution, by the total number of gallons after
dilution.
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TaBLE XI.— DaTA FurNISHING A Basis For DILUTING LIME-SULPHUR WaASH.

o - [ o =) D 1 “— v 4 [ —
B=] =1 =1 =] o 7 =] Ho (=] Q (=]
co |2 |2 |s |2 |88 | s |2 | & |88 |3
SE = & L 5 - S5 2= S5 E_ S g
28 | Ba | B | 3 g=e | 38 | B=g | F38 | 554 | 28
28 | wo | o8| Pg | g2g | B85 | ¥3 | g5 | B35 | "e8 | S35
a8 | o0 | S5 | 88 | °F | -5 | 89 |5~5| &S | s75 | g3
s B3 > o5 =] o Kg © g <] Sus oa
4] = &n o3 g5 | =28 =3 S a =9 °a =g
= 50 2 = =3 = LK) ] E=R]
& | 85 | 85 @ H s 5| 85 |2 5| =5 | 2.8 5
B | 25| 87 | = 38 | 82| 82 | 8.2 | 52 | Bx2 | 5B
=) 2o | 3 S = 38 | @5 | Sg8 | 285 | 2% | 28
S} 8 3] 2 = S3RE =Y =B =) 588 e
5] o) 3 0 3 =88 | 3 Zga | 3 =825 3
A & I B 7] A ] ase | g ave | @
Galls Galls Galls.
Per ct.|Per cl.| Lbs. Lbs., water Ozs. waler Ozs. waler Ozs.
36 | 0.75 |27 00 | 11.08 2.99 9 4.78 12} 3.54 4, 1.04
35| 0.75 |26.25 | 10.98 2.88 82 4.73 12 3.54 431 1.04
34 | 0.75 |25.50 | 10.88 2.77 81 4.79 113 3.58 41% 1.04
331 0.75 |24.75 | 10.78 2.67 8 4.75 11 3.56 40 1.04
32 | 0.74 |23.70 | 10.69 2.53 7% 4.76 10} 3.52 37% 1.04
31 | 0.74 |22.95 | 10.60 2.43 7% 4.72 10 3.53 36 1.04
30 | 0.73 |21.90 | 10.51 2.30 63 4.75 9% 3.50 34 1.04
29 1 0.73 [21.15 | 10.42 2.20 6% 4.70 9 3.52 323 1 04
28 | 0.72 |20.15 | 10.32 2.08 6 4.75 8% 3.50 31 1.04
27 10.72 {19.45 | 10.23 1.99 53 4.72 8 3.54 29% 1.04
26 [ 0.71 |18.45 | 10.15 1.87 5% 4.79 7% 3.52 273 1.04
251 0.70 [17.50 | 10.07 1.76 5 4.70 7 3.52 26 1.04
24 1 0.69 |16.65 9.98 1.65 4% 4.80 6% 3.52 24 1.04
23 | 0.68 [15.65 9.90 1.55 43 4.72 6 3.54 22% 1.04
221 0.67 [14.75 9.82 1.45 33 4.88 5% 3.57 21 1.04
21 | 0.66 [13.85 9.74 1.35 3% 4.80 5 3.60 19% 1.05
20 | 0.65 [13.00 9.67 1.26 3% 4.74 43 3.51 18 1.05
19 |1 0.65 |12.35 9.59 1.18 3 4.72 4% 3.60 17 1.04
18 [ 0.65 |11.70 9.51 1.11 23 4.77 4 3.55 16 1.04
17 | 0.65 |11.05 9.44 1.04 2% 4.75 33 3.50 15 1.04
16 | 0.65 |10.40 9.37 0.97 2% 4.77 3% 3.44 14 1.04
15 | 0.65 | 9.75 9.30 0.90 2 4.70 3 3.60 123 1.05

It will be observed in columns 6, 8 and 10 that the dilutions
have been so arranged that where fractions of a gallon are called
for, quarters are used (Y%, %, of 34), so that the figures really
represent gallons and quarts, an arrangement much more con-
venient than having several different kinds of fractions calling
for fractions of quarts. This method of using uniform fractions
does not involve any appreciable error, as can be shown by exam-
ining the seventh, ninth and last columns in Table XI, in which
we give the number of ounces of sulphur in each gallon of diluted
solution corresponding to each density (Beaumé degrees). For
example, in the seventh column, each gallon, in case of absolute
uniformity of dilution, would contain 4.75 ounces; the widest
variation below this is 0.05 ounce, in which case the number of
ounces is 4.70 instead of 4.75; and the widest variation above is
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0.13 ounce, in which case the number of ounces is 4.88 instead of
4.75. In the former case the solution is slightly weaker and, in
the latter, slightly stronger, than the regular amount. Such vari-
ations are insignificant and could have no influence upon practical
results. In the case of solutions for blister-mite, where the dilu-
tion is somewhat greater than for San José scale, the slight error
is still smaller; and, in the case of solutions diluted for fungicide,
the variation of sulphur in a gallon is less than 0.01 ounce.
Application of the method of dilution to solutions of known
composition.— The preceding discussion of the data embodied in
Table XTI should make clear the fact that the dilutions given in
the table for each degree (Beaumé) have been so adjusted as to
give accurate results and make sure that each gallon of diluted
solution will have the same number of ounces of sulphur, when
the Beaumé degrees and the sulphur value are those given in
Table XI. But we have seen in Table X that there is consider-
able variation in the relation of density to percentage of sulphur,
and the question arises as to whether the adjustment of density
’ to the percentage of sulphur, as given in Table XT is sufficiently
accurate for practical purposes. We can test the question readily
by applying to all the results in Table X the degrees of dilution
given in Table XI and then ascertaining how closely the amount
of sulphur which should be in the diluted solution agrees with the
amount found by applying our method of dilution. We have
made comparison only in case of the dilution for San José scale,
because any discrepancies would be more marked than in the case
of solution for blister-mite and fungi, when the dilution is greater.
The results of our comparison are given in Table X in the fourth,
fifth, ninth and tenth columns. The figures in these columns give
both the percentage of sulphur in the diluted solution and the
number of ounces of sulphur in one gallon of diluted solution.
If the solutions in the sixty-two cases whose composition and den-
sity are given in Table X, were diluted on the basis of their ac-
tual content of sulphur, each gallon of diluted product would con-
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tain 3.45 per ct. of sulphur, equal to 4.75 ounces per gallon. The
figures for these values given in Table X represent the results ob-
tained by applying the method of dilution given in Table XT,
just as if we knew nothing about the actual composition of the
solution except as estimated in that table on the basis of density
in Beaumé degrees. Bearing in mind that the figures in the
fourth and ninth columns should, if absolutely accurate, be uni-
formly 3.45 per ct., we mnotice that in about fifty of the sixty-
two cases the variation is not more than 0.2 per ct. from 3.45.
The lowest value is 8 per ct., or 0.45 per ct. low; the highest
value is 3.95 per ct. which is 0.50 per ct. high. Expressed
in ounces of sulphur per gallon of diluted solution, we can state
the results as follows: If the solutions were accurately diluted,
each gallon would contain 4.75 ounces of sulphur; but diluted on
the basis of composition, as dependent upon density -shown by
Beaumé degrees, each gallon contains an amount of sulphur vary-
ing more or less from the correct figure (+.75). In the lowest
case, one gallon of solution contains 4.13 ounces of sulphur or
about one-half ounce too little of sulphur. It is doubtful if this
deficiency in sulphur would appreciably affect the destructive

_power of the wash when applied to San José scale. In six cases,

the diluted wash was one-third of an ounce below the specified
amount, while in seven cases the amount was below only to an
inappreciable extent. In the remaining cases, the amount
was practically as required, or else more or less in excess, varying
from 4.76 up to 5.47 ounces, being, in the highest case, nearly
three-fourths of an ounce in excess. The values in Table XI
have, in general, been so adjusted as to obtain solutions after dilu-
tion with more, rather than with less, sulphur than the required
amount. It is safe to say that methods in previous use have ob-
tained, with solutions varying widely in density, nothing like the
accuracy possible with the method given in Table XI, which is
based upon all the data available for making the needed calcula-
tions. The method gives most excellent results when applied to
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concentrated commercial mixtures and also to home-made prep-
arations that are properly handled during the operation of boil-
ing.

A comparison of methods of dilution was made with two sam-
ples of lime-sulphur solution; one tested 21.6° B. and the other
33.6° B. Each one was diluted in two ways, (1st) by the method
given in Table XI, and (2nd) by the method given in Bulletin
No. 320, the diluted solution being made to have a density of 4.5°
B. Solutions of proper strength should, after dilution, contain
about 8.45 per ct. of sulphur or 4.75 ounces of sulphur per
gallon. The results are indicated in the following tabulated state-
ment:

TaBLE XII.— CoMPARISON OF RESULTS BY DIFFERENT METHODS 0¥ DILUTION.

Results by old method Results by new method
)
Sulphur Sulphur
Density Density | Sulphur in Sulphur in
of Amount of of n diluted | Amount of in diluted
original dilution diluted | diluted |solution dilution diluted | solution
solution . solution | solution per solution per
gallon gallon
. Sol'n : Water Sol'n : Water
Deg. B. Gals. Deg. B. | Per ct. Ozs. Gals. Per ct. Ozs.
21.6 1 : 4% 4.5 3.03 4.17 1 : 33 3.50 4.82
33.6 1 H 8% 4.5 3.44 4.69 1 8t 3.50 4.82

These results show that in case of the weaker solution, dilu-
tion to 41%° B. gives too weak a spraying mixture, containing only
8.03 per ct. of sulphur, instead of 3.45, and 4.17 ounces of sul-
phur per gallon instead of 4.75, while dilution by the new method
- gives a solution of strength slightly higher than required (3.5 per
ct. of sulphur or 4.82 ounces per gallon). In case of the concen-
trated solution, dilution by either method gives nearly the same
results. It would appear, therefore, that in case of homemade
mixtures, the old method of diluting to a density of 4%° B. 1s apt
to give too weak solutions.
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EFFICIENCY OF DIFFERENT FORMULAS USED IN MAKING LIME-
SULPHUR WASH.

Under this head we wish to bring together various facts of in-
terest and consider them briefly in their bearing on the advan-
tages and disadvantages of using different proportions of lime,
sulphur and water. The best combination of proportions of these
constituents will meet the following conditions:

(1) The proportions of lime and sulphur should be such that
there will be just enough of each to combine with the other with-
out leaving any uncombined lime or sulphur to go into the sedi-
ment. This condition works for efficiency in bringing into solu-
tion all lime and sulphur, so that when fairly pure materials are
used, practically no sediment is formed and never any that re-
quires removal or other attention. The proportions of lime and
sulphur which meet this condition should be, according to the re-
sults of our experiments, not less than 2 nor more than 2.25 parts
of sulphur for 1 part of lime.

(2) The proportions of lime and sulphur should be such as to
furnish the largest amount of the soluble compound containing
most sulphur, calcium pentasulphide (CaS,). This condition, as
well as the one preceding, is met most completely in our experi-
ments by using lime and sulphur in the ratio of 1:2.25.

(3) The proportions of water to lime and sulphur should be
such as to enable the chemical changes to take place quickly and
to form as concentrated a solution as possible, while utilizing with
least loss the lime and sulphur. The proportion of water which
we have found most effective for all purposes is about 8.5 parts
for 1 part of lime and sulphur, although good results may be ob-
tained when the water is not lower than 3 to 1 of lime and sul-
phur. The chemical reaction between the lime and sulphur can
not take place completely unless the particles of lime and sulphur
are kept in a finely divided condition and this can be accomplished
satisfactorily only when the amount of water is sufficient. When
the proportion of lime and sulphur to water is large, the particles
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compact in masses more easily and are more difficult to break up,
resulting in the formation of lumps that remain unchanged and
help increase the amount of sediment. We have noticed also that
when smaller amounts of water are used, the soluble thiosulphate
is changed into insoluble sulphite; the amount of sediment is
thereby increased, while the amount of lime and sulphur in solu-
tion is decreased.

THE GENEVA STATION FORMULA.

The combination of constituents that appears best to meet the
largest number of desirable conditions is the following, stated in
round numbers:

36 pounds of lime (pure lime, CaO used as basis).

80 pounds of high-grade, finely-divided sulphur.

50 gallons of water.

In connection with this formula, it is necessary to call atten-
tion to the kind of lime and sulphur to be used and also to
certain details in the operation of making the preparation.

(1) Kind of lime. Tt is desirable to use only the best kind of
fresh commercial quicklime, commonly called stone-lime, lump-
lime, ete., and this means lime containing the highest amount of cal-
cium oxide (CaO). While slaked lime of high purity can be
used, the commercial products should be avoided on account of
uncertain composition and the larger amount required (at least
one-third more). Aur-slaked lime should under no circumstances
be used, because it consists more or less largely of carbonate of
- lime, which, in experiments made by us, has proved wholly worth-
less, because no appreciable chemical reaction takes place when it
is boiled with sulphur and water. Lime containing more than 5
per ct. of magnesium oxide should mnot be wused, because, as
shown in Bulletin No. 319, it causes unnecessary loss of sulphur,
produces poisonous hydrogen sulphide, and increases the amount .
of sediment. It is possible to obtain commercial lime containing
95 per ct. or more of pure lime (calcium oxide, CaO) and this
should be used. The use of lime containing less than 90 per ct.
of pure lime should be avoided.
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When lime containing impurities is used, more than 36 pounds
maust be taken in order to obtain 36 pounds of pure lime.

Use 38 pounds of lime containing 5 per ct. of impurities (95
per ct. pure).

Use 40 pounds of lime containing 10 per ct. of impurities (90
per ct. pure). )

Use 42 pounds of lime containing 15 per ct. of impurities (85
per ct. pure).

The agricultural law of New York requires that in the case of
lime sold for agricultural purposes, the minimum percentage of
calcium oxide (pure lime) shall be guaranteed. No one should,
therefore, purchase lime for use in making the lime-sulphur wash
except under guarantee, and only lime guaranteed to contain more
than 90 per ct. of calcium oxide should be used. TFor a simple
method of determining approximately the purity of lime, see
pages 447—449.

(2) Kind of sulphur. Sulphur of high-grade purity (over 98
per ct.) and as finely divided as possible, should be used. This
can be easily obtained. In our experience, equally good results
are given by flowers of sulphur or sulphur flour when in equally
fine powder. Ground ecrystalline sulphur is not usually fine
enough to use to advantage, since the coarser particles are not
easily dissolved and therefore pass largely into the sediment.

(3) Some detatls of making solution. It is not our purpose
to repeat all the well-known details of making the lime-sulphur
wash, but simply to call attention to particular features that are
essential to the best results in the use of the Geneva formula. Two
special precautions are to be observed in addition to those usually
mentioned: XKeeping up the volume of solution during boiling
and making the lime and sulphur as finely divided as possible.

(a) The level of the miature during boiling should be kept
near the 50-gallon mark, not being allowed to drop more than an
inch below; this is accomplished by adding water from time to
time in the required amounts. It is preferable to add water in
small amounts at more frequent intervals than larger amounts less
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often, since the boiling is less interfered with. When the boiling
is completed, the level of the liquid should be made up to the 50-
gallon mark, if not already there. The amount of water neces-
sary to add during the boiling varies with the intensity of the fire
under the kettle and also with the temperature of the surrounding
air. Larger amounts must be added in warm weather than in
cold. When the kettle contains 50 gallons of mixture at the close
of boiling, this volume will shrink on cooling to the temperature
of the air, so that when cooled there will be only 46 to 48 gallons,
according to the temperature to which it is cooled. It should be
remembered that the object of keeping the solution from becoming
concentrated during boiling is to prevent the conversion of thio-
sulphate into insoluble sulphite. (b) The completeness with
which the lime and sulphur combine depends, other conditions be-
ing favorable, upon getting and keeping the lime and sulphur in
as finely divided condition as possible. This is accomplished in
case of the lime by careful slaking; in case of sulphur, it must be
brought about largely by more or less constant stirring of the mix-
ture, especially the sediment at the bottom of the kettle. The
larger proportion of water for lime and sulphur makes this easier
to accomplish than in the case of formulas in which large amounts
of lime and sulphur are used.

(¢) Density of solution. When the solution is made to the 50-
gallon mark at the close of boiling, it will be found when cooled
to about 60 F. to have a density of 24° to 25° B.

We will briefly call attention to the advantages and disadvan-
tages of the Geneva formula.

Advantages of formula.—(1) The lime and sulphur are in
those proportions called for by the usual chemical reactions; the
combination is practically complete for both lime and sulphur. (2)
The formation of sediment, whether of unused sulphur and lime,
or of sulphite formed from thiosulphate, is at a practical mini-
mum ; with fairly pure materials, there is practically no sediment.
(3) The percentage of sulphur in the form of pentasulphide
(Cas8;) is highest. (4) The proportion of solids to water is such
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as to enable one most effectively to keep the lime and sulphur from
forming lumps and therefore in the finely-powdered condition re-
quired for complete chemical action. (5) During the boiling,
there is less danger of the solution becoming so concentrated as to
increase unduly the formation of sulphite from thiosulphate, a
condition easily occurring in case of the use of more lime and sul-
phur in proportion to water. A

(6) Solutions made by this formula, when stored, have less
tendency to change than more concentrated solutions.

(7) Solutions made at different times by this formula have,
In our experience, run very uniform in composition. With other
formulas, variable results are obtained at different times when
working under conditions as uniform as possible.

Disadvantages of formula.— The only disadvantage that has
suggested itself in our experience is the fact that the solution pre-
pared by this formula is less concentrated; on this account, more
separate boilings must be made and, if stored, a larger number of
containers must be used. In comparison with the formula used
by the Station during 1910' (65 pounds of lime, 125 of sulphur,
and 50 gallons of water), it would require 150 gallons of the solu-
tion made by the new formula to equal 100 gallons made by the
other, assuming that sediment and solution can be used or else sepa-
rated without loss of solution; in other words, the time of making
solution and the number of barrels for storage would be increased
apparently one-half. To offset this inconvenience, the prepara-
tion of solutions by the old formula involved a loss of 32 pounds of
material as sediment in comparison with 7 pounds by the new
formula; the old mixture is more difficult to keep well stirred. In
general, it has been the custom to throw away the sediment in whole
or part and with it all the solution adhering to it, so that, of every
50 gallons prepared, considerably less than 50 gallons is actually
utilized. The solution prepared by the new formula is largely or
wholly pentasulphide; with the old formula, tetrasulphide chiefly
was formed, with little or no pentasulphide.
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METHOD FOR APPROXIMATE DETERMINATION OF IMPURITIES IN
LIME. °

This test is based on the fact that when one part, by weight,
of pure lime (calcium oxide, CaO) and two parts of sulphur
are boiled with plenty of water for one hour, the lime and sulphur
go into solution, only slight amounts of sediment being formed.
If the lime contains impurities (oxides of magnesium, iron,
aluminum, ete., and carbonate of magnesium, calcium, ete.), these
do not go into solution but remain as sediment, together with
any undissolved sulphur not acted upon because of an insufficient
amount of pure lime, caused by impurities in the lime used.
The amount of sediment thus formed can be utilized as a measure
of the amount of impurities existing in the lime. The method,
in brief, consists in making a lime-sulphur mixture on a small
scale and measuring the sediment.

The apparatus required consists of (1) a granite-iron-ware
deep vessel holding 1% to 2 quarts, used for boiling the mixture
in; (2) a spoon of the same material; (3) a glass cylinder about
2% inches in diameter, 12 to 15 inches high. A cylinder graduated
in cubic centimeters is the most convenient form. A plain cylinder,
costing less, can be used but the column of sediment must be
measured in inches and the diameter must be very nearly 2%
- inches. Such cylinders can be obtained of Bausch & Lomb Optical
Co., Rochester; and (4) a stick for stirring and measuring, on
which is cut a notch at the point where the surface of the water
stands when one quart of water is placed in the dish and the stick
placed vertically in the water, one end resting upon the bottom of
the dish. '

The method of carrying ouf the test is as follows: Weigh care-
fully 2 ounces of the lime to be tested, place it in the boiling
vessel and slake with water, adding the water gradually and
being eareful not to smother the lime with too much water. Stir
with the spoon until the lime is thoroughly slaked and a thick,
uniform paste or milk of lime is formed. Then add water enough
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to fill to the notch on the stick, after which place over a fire and
boil. Weigh 4 ounces of fine, high-grade flowers of sulphur and
when the milk of lime begins to Loil add the sulphur gradually,
stirring in vigorously with the spoon. Allow the mixture to Doil
gently for one hour stirring most of the time to break up any lumps
of sulphur, using the spoon or stick or both according to con-
venience and effectiveness. During the boiling, measure the
height of the mixture about once every ten minutes by means of
the notched stick and if the level of the liquid has dropped
below the notch, add enough hot water to bring the level back to
the notch. When the mixture has boiled one hour, let it cool and
then, after stirring it up thoroughly with the spoon, pour quickly
into the glass cylinder, being careful to get in all the sediment.
Allow it to stand over night and then notice the height of the
column of sediment by reading the number of divisions (cubic
centimeters) at the upper surface of the sediment or by measuring
with a rule. The percentage of impurities may be found by con-
sulting the following table. In the third column is given for each
percentage of impurity the number of pounds of lime that it will
be necessary to use in making the lime-sulphur mixture by the
Geneva formula: '

Table XII.— PERCENTAGES OF IMPURITIES FOR DIFFERENT AMOUNTS OF
SEDIMENT, AND AMOUNTS OF LIME To USE.

Height of Number of pounds
Number of cubic column of of lime to use to
centimeters of sediment Percentage contain 36 pounds
sediment. in inches. of impurities. of calcium oxide
30 1 5 38
50 3 10 40
70 1 15 42
90 1% 20 45
105 13 ) 25 48
120 13 30 51

As previously stated, we strongly advise mot using any lime
that contains over 10 per ct. of impurities. The simplest way
is to purchase lime of guaranteed composition, containing not
less than 90 per ct. of pure caleium oxide and not over 5 per
ct. of magnesium compound. The foregoing test can, however,
be made use of whenever one is in doubt in regard to the purity
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of the lime thus purchased or for testing a sample of lime previ-
ous to purchasing.

It is a matter of interest to notice the results obtained by ap-
plying this test to mixtures of pure lime (calcium oxide) and
known amounts of magnesium oxide and calcium carbonate. The
same results were obtained whether we used magnesium oxide or
calcium carbonate as the impurity. In each case we used one
quart of water and four ounces of sulphur and carried out the
test in the manner already described, allowing the mixture to
stand sixteen hours before measuring the sediment.

Table XIII.— RELATION OF AMOUNT OF IMPURITIES TO AMOUNT OF SEDIMENT.

Amount of magne- Percentage of

sium oxide or cal- impurities on  Cubic centimeters Height of
Amount of cium carborate basis of 2 ozs. of sediment in column of
pure lime used. used. pure lime. - glass cylinder. sediment.
0 oz 2 oz 100 350 5% inches.
‘ ) 50 . 180 23
1.2 0.8 * 40 150 2 S
1.4 ¢ 0.6 * 30 120 14 ¢
1.6 0.4 " 20 90 1 ¢
1.8 ¢ 0.2 10 50 F

The results of these experiments are clearly shown in the
accompanying illustration, for which the cylinders with their
sediments were photographed.

This method can'be used also in testing samples of sulphur as to
suitability for making lime-sulphur solutions. Omne solution is
made with a sample of sulphur known to be of high grade of purity
and finely divided, using lime not less than 95 per ct. pure. A
solution is thus made with each of the samples of sulphur to Le
tested, using the same lime. The test is carried out in each case in
the manner deseribed above. The amount of sediment is com-
pared with that obtained in the first case; any increase of sediment
over indicates impurities in the sulphur of particles too coarse
to dissolve. The sediment should be examined carefully for the
presence of coarse, yellow particles of undissolved sulphur which
can be readily seen if present in appreciable amount.
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