- |

I

THESIS

Physical Structure of
Spraying Substances

I, W. Owen

00
1202

f




THES)S



HESIS



-]
-
.

o

PHYSICAL STRULUOCTTU

CTPREYING SUBROSTALEYTCOR

=]
=
<3|
)
Lot
n

“d
<4



K3 HES&S



103217



CTPRAVINDG SUBOTA

i
>
=
2

Floyd '/, Owen.

Spraying consists in covering plants, or parts
of plants, with a thin uniform film of liquid capable of
destroying or preventing an attack of some particular
parasitic organism. A spraying substance must possess
poisonous, caustic or offensive qualities and should
possess a sultahble physical structure. “he first naned
properties have received rmch attention; thre last naned
Lave received little or none. The object of this study
is to discover the most suitaile phvsical structure of
one class of spraring substances-~the arsenites.

More definitely the materials with which I
have worked are: Vnite arsenic, Taris green, pure arsenite
of lime, Londcn purple, and a few arsenoids. The method
of work with each was:--To examine the pnysical structure
under a ccmpound microscope; to nmeasure the diameter
of the particles with a micro-millimeter scale; and to
determine the time of suspension in water. 1In the case of

the arsenoids, chenical analyvses for white arsenic were

alsc made. In testing the times of suspension, 1,25 grs.
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of an average sariple of the material to be tested was
added to 25 cc of water in a tall graduate. After vigor-
ous shaking, the mixture was allowed to rest until all of
the sediment had reached the bottom, the time required
then being noted. Several ordinary samples of each sube-
swance were examined in the ways mentioned, and by repeat-
ing tests of each one, quite accurate comparisons were
obtained. Sarples of white arsenic and paris green were
pulverized in a glass mortar, in order to compare the
time of susrvension of the smaller particles with that of
the ordinary material.

An inquiry as to the relation existing between
the diameters of small particles and their times of sus-
pension, brought the following from the U, &. Department
of Agriculture, Division of Soils:

"'he theoretical rate of settling of small
particles of spherical form in water would be, with the
conditions the same, directly as the radil of the particles.
You will see that thls would follow from the fact that
the mass varies as the cube of the radius, while the effec~
tive surface--in this case the cross=secticn of the sphere
through the center--varies as the square of the radius.
Consequently, if one particle was twice the diameter of
the second, i1t would settle twice as fast. This relation
does not hold, however, for irregular particles and it
has not been possible to obtain a definite relation between

the mean diameter of the particles and the rate of settling.
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the variations in surface conditions is undcubtedly lar;ely

responsible for the irrerularities that are observed."

‘“his ordinarily cccurs as a clear, white,
tasteless, odorless powder, slirhtly soluble in water
and cormosed of sinall octahedral crystals whose chenilcal
corposition is A?zQy Uinder the microsccre, I fcund
trhe rarticles to be of variaile forms and sizes; to have a
semi-transparent arrpearance; and to range in their
diameters from 0.0033 mm. to 0.033 rmm., the averare bheinr
0.0266 rm. The susvension of an crdinary sample tested
as above descrited, was three ninutes; of a pulverized
saxrle, 5.5 to 6 rninutes,

PARIS GR®EFI.

Under the microsccpe, Paris rreen was found to
be corposed of small, aquite uniform freen spheres with a
diermeter ranging from 0.013 mn. to 0.023 mm., 0O ten
samples which I examined, all contained a quantity of
small, semi-transrarent particles, a srall portion of
which was impurity. In a few sarmrles crystals of free
white arsenic could be distinguished, though the microscore
wvas nct found to be reliable in determinings very accurately

whether the arount waz injurious or not.
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A micrbSCOpic comparison of lime and the impurity found
in most of the arsenites indicated that free lime was fre-
quently present., There was also often seen particles of
a very finely divided raterial which did not resemble
Paris green spheres, and yet may be a form of aceto-
arsenite of copper in which the ckémical action was not
quite complete. This 1s easily mistaken for impurity.

Aside from a chemical analysis--really the only
conclusive test--the most satisfactory method proved to
be the compound microscope which almost certainly decid-
ed a sammle to be pure or adulterated, and with some
experience, an approximate estimation of the quantity
and quality of the impurity could be made. By this means
erystals of water- soluble arsenic were detected, and
anything not pure Paris green was readily seen. Different
lots of this substance, however, were found to vary a
great deal in their structure, so that the silze of the
spheres was never the same, and yet, uniformity to a
high degree in any one sample can be expected.

The suspension of the ten samrles was examined
in the way indicated and found to vary frcm 3.5 to 4
ninutes; of a sample pulverized to a condition in which
the color was midway between white and the green of the
ordinary substance--the particles averaging half the
dismeter of those of the original material--the time was
6.5 to 7 minutes. Cne great fault of Paris green 1is its
shert time of suspension, end were it necessary, the nmater-

ial could bhe puvlverized in a mill, thereby losing 1ts
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green cclor &nd reconing white. But correspondence with
manufacturers indicated that it 1s not only possible but
is much easier for them to malke a product of much snaller
particles than thcse of the ordinary size, and trat it
is only customary to preduce the larger crvstals--such
material raving a deeper, richer green, and belng, they
say, what the trade demands. Such a peris green would
certainly possess the advantages of the ordinary, and yet
be capable of remaining a longer time in suspension. It
would be Tar easier to apply, and mnore effective, uniform
and econocmical in its results.,

PURET ARSFEFIITE CP LINME,

Samples of this were made by boiling white
arsenic, one part, and unslaxed lime, two partis by
weight. These were tcsted by acidifying with hydrocloric
acid and tren subjecting to hydrogen sulphide, any trace
of free arsenic being precipitated as the yellow sulphide
of arsenic. ©From tie tests, I found that both should be
boiled togéther and for at least a half hour as the linme
in dissolving cormbines with the arsenic and forms a very
poisonous, but insoluble, and s¢ a yperfectly safe srreving
compound.

A dry sample of the pure arsenite of lime is
a fine, grayish white powder. which , microsccpically, was
seen to be of sirmple structure, the particles being
granular, scmewhat transparent, exceedingly variable in

size, and irregular in shape. ITeasurements were fcund
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impracticable. An examinaticn showed its time of sus-
pension to be five minutes.

LOTDOIT PURPILE,

Fight samples of IL.ondon purple were collected
from various dealers, and examined. HNighly magnified,
the purest sample was seecn to consist of irregularly
shared bodies of mostly small though widely different
sizes, the surface of the larger particles being rough
and uneven. Scrie had merely a dull purple color, while
other masses--under a certain focus--were reddish purple
and had a brilliant metallic lustre. All samples contain-
ed foreign matter in varying amounts, much of which exist-
ed as very fine particles with no resemblance to London
purple, but corresponding to some of the impurity found
in Paris green. ©Small, rectangular or stick-shaped bodies
which were transparent wers also occasionally detected.
Measurements proved impracticable,

Tre susrension of the samples ranged frcm twelve
to fifteen minutes, which fact accounts for the little
agitation this substance requires and it s consequent
ease of application,--the probable explanation of the
popularity London purple held for a time regardless of
its frequent injury to foliage. The buoyancy of the
vrarticles 1s evidently due to their extraordinary irregul-

arity and large surface for a small bulk, these comhined,
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providing the material with a floatiny ypowver,

ARS®NTOIDES,

Qix of the so-called "Arsenoids", manufactured
by the Adler Zolor and Chemicel Vorks ol Tew VYerlr, were
exarined., The Tirst--"o. 2"--is & whitish green powder.
linder the microscope, the particles were very smail (some
were barely visible) and adherent, forming small macsses,
Fxcept for the presence of some frce arsenic, very 1little
impurity was seen, The suspension of this arsenoid was
six minutes. A chemical analysls gave 33.457ﬁ cf totel
A;zqa, tihe mest of which was combined with copyer, a
sriall though injurious portion being free.

"lo. 3" arsenoid microscopically contained two
principle substances. The first consisted of snall,
transparent, irregularly shaped rarticles, scre of which
were granular; the second of dari colored bodies but
otherwise like the first, Some crystals resembling those
of paris green were also scen and as the chenical examina-
tion showed ccpjer to be presant, true Parls green was
believed to be an ingredient. No free white arsenic was
distinguished. The arsenoid's time cif suspension was
0.

,Sa 2

none of wnhich was free, a quantity of lead, and a trace cf

. ~ . Red
four minutes. An analysis showed only 14,927, of A

coprer and bisrwuth.
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Arsenoid "c. 4" had a distinct preenish tinge, and under
the microsccpe, consisted ¢f the sarme small, irrepular
particles &as the ahove. ©Some soluble blue-~round htlue
bodies of variable sizes--and a guantity of rreen material,
evidently Paris green, were noted. “his sample remained
in susrensicn six minutes. Chenically it contained
56.49Lf ol total arsenic, some copper, and the nost free
arsenic of anv sample.

Besides the small sized perticles above mentioneqd
"io. 5" ccntained a large amount of Taris rreen or a
similar arsenite of copper, Its time of suspension was
the lonrest of all, being seven nminutes. 64.7277 of total

As were found, entirely too ruch being free howvever,

¢
2°3
Coprer was also present,
The last arsenoid , "o, 6", differed from the
above only in bein; of a lighter color, containing less
copyer and less free arsenic, and havins a total content

of €5.6987 of As --entirely too much of the latter

2.03 ?

being free. JTIts time of suspension was 6.5 minutes.
"Green Arsenoid" is & plain arsenite of coprer,

cheriically resembling TParis green except that the acetic

acid is eliminated. Ilicroscopically it was fecund to be o

very finely divided naterial, almost free from ferelemn

47

matter, Tts susrension vwas eipght ninutes--more than twice

as long as some sarrles of Paris green,

In conclusion T hope to have shown that the valte of






a spra;ing sunstance depands sauewhat upon its physical
struccure and the size of its particles, and how much
attentiocn this should raceive from both manufacturer
and spraver. Ve are in gir2at need of cheap and reliable
arsenites--those made up of very minute particles and
having a sufficiency of comblinad arsenic, a long time of
suspension, absolute insolubility in water and a freedom
from free arsenic and other impurities.
Lastly I wish to acknowledge nmany valuable
sugrestions in the werk from Professcr U, P, Hedrick
cf the Colle;e.
OCUMNMTARY,
I. The physical structure of spraying substances is
ery imporzant and 1n great necd of improvement.
ITI. ©Spraying substances with particles of nmuch finer

divisicn would favor:

In the manufacture--especially of
Paris green,

™

oy
.

In original cost to the sprayer.

Q

1. Econonmy. Less bulk requirsd for a given

(]
surface to be covered.

po )

In applioahlon--by lescenirns the
required agitation and trouble from
clorrad machinery.

)

Longer suspension insures jpreater
uniformity in strength of film.

—
(&
.

2. TIiffsctiveness. nmuilvr particles insure a mnore
mleue distribution of poison

for a given anount.

Q
.

Srialler particles adhere better
to foliare.
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