THE EFFECY CF LIME~SODA ASH TREATMENT ON
FOAMING CHARACTERISTIICS OF BOILER WATZIR.

by
Paul E, Irwin

A Thesis Submitited for Partial
Fulfillment of the Requirements
for the
Degree of Master of Sclence

in
CHEMICAL ENGINEERING

Approveds

¥R Charge of investigation

8¢ O ) arimen

fﬁﬁ§?¥ﬁrﬁﬁéinsoriﬁg Division

Pirector of Gradudte Stuokés

Virginia Polytechnic Institute
Blacksburg, Virginia
1948



I.
II.

IiI.

V.
VI,
ViIi.
VIIiI.

TABLE OF CONTENTB

INTRODUCTICN & +» «
LITERATURE REVIEW .
Definitions . . .
History .« s e
Theory

Industrial rurifilcation of Water

EXPERIMENTAL
Purposo of Study

[ ]

*

L

*

*

Plan of Investigation

Materials
Aprparatus * e o
Procedure . . .
- Data and Results
DISCUSSION OF RESULTS
Recoumendations
Linmitaticne . &
COHGLUSiOKS * s s o
SUMMARY . . . . . .
BIBLIOGRAPHY + + o
ACKNOWLEOGEMENTS . .

L ]

-

*

[ ]

L

L4

e & ¢ & 2 »

L] L L ] * L 4

.

Pafo

DRI ww w

35

v R R

95
100



Table
I,
II,
111,

Ve

Vi.

VII.

VIII.

IX.

I1

TABLES
Page
Priming Values of Pure Salt SolutionsS o « « ¢« » «» 8
Priming Values of Pure Salt Solutions « « « v« « « 10

Effect of Concentration upon Difference
Betwoen Static and Dynamic Surface Tenslion,
Foam~Zone Height and Percentage Film Formation 15

Recomnended Limit of Dissolved Solid Concentra-
tion In Boiler Water . « ¢« ¢ ¢ ¢ ¢ ¢+ o o ¢ o » 23

Relations Between Alkalinity to Phenolphthalein
and that to Methyl Orange in Presence of
Hydroxide, Carbonate and Bicarbonate « » « » o 51

Amount of Chemicals Added for Lime-Soda Ash
Treatment of Raw Weter . . ¢ « ¢ & o & e« & o 0 57

Analysis of Virginia Polytechnic Institute and
Hew River, Raw Waters, Treated waters and
Bollor Waters . « v ¢ ¢+ ¢ ¢« o o o o o s 00 0. 72

Relationship Between Hardness and inity
of Virginia Polytechnle Institute an
New River, Raw Waters, Treated Waters and
Boller Waters « ¢ « o ¢ ¢ o o ¢ o & o coooa72

Mineral Analysis of Virginia Polytechnic
Institute and New River, Raw Waters and
TreatedWaters.................73



111

FIGURES

Figure
1. Dynamic}?oamueter..-.-..--..

2. Apparatus for Determination of Per Cent
F‘ilmFomation...........

3. JMolar Concentration of S8alt Solutions
Vl.l/FoamZoneHeight ¢« o o v & s @

4, Surface-Bubble Formation . .+ . « o+ « »

5+« Thinning of Bubble Film due to lLiquid
D‘raln&ge..-..... * o o e s o

6. Laboratory Assembly for Foaming Tests of
BOilerwater-ocoooaoov.O

7. Effoct of Treatment Variations on Foaming
Concentrations v & 9 8 6 B &6 8 & & @



I. INTRODUCTION

Water treatment for steam production is almost univer-
sal in present day industrlies. The type of treatment
varies with the type and quantity of raw water to be used.
For boiler feed water purification, the removal of the scale
forming and corrosive constituents 4s the most important
treatment. The lime-soda ash method is widely used for
locomotive feed water treatment because of its relative
cheapness, and its efficliency in removing the undesired cone
stituents,

One of the difficulties encountered in the operation of
boilers using treated water, instead of raw water, is the
greater tendency to foam. Foaming is a formation of bubbles,
or foam, on the surface of the water inside a boiler. This
foam may range in thickness from a layer barely covering the
surface, to a mass that fills the entire stecam space above
the wvater., When this foam layer is of such height that it
reaches the steam outlet, serious damage may be done when
these particles of water, which contain a large amount of
metallic salts, are carried over with the steanm.

Since foaming is usually associated with a high concen-
tration of dissolved salts, railroad steam locomotives
probably have more foaming difficulty than other industrial



boilers. One explanation for this is the fact that steam
condensate is not returned to the boiler and dissolved
salts from the feed water rapidly concentrate in the boiler
unless a frequent blowdown schedule is maintained. Excess
blowdown is undesirable as it causes heat loss due to the
removal of part of the hot boliler water.

The majority of the previous work on foaming has been
based on the foaming concentrations of single salt solu-
tions, and little informstion is available on mixtures of
salts in solution or on foaxing conditions of natural waters.
It seemed desirable to determine foaming concentrations of
natural waters that had been properly treated, and to come
pare the characteristics of each,

The two types of water studied in this investigation
were the "relatively soft" New River water, and the
"relatively hard" well water used at the Virginia
Polytechnic Institute., Both of these waters are used in ine-
dustrial boilers, and have been known to foam if the
dissolved salts were allowed to concentrate in the boiler.

The purpose of this investigation was to determine the
effect of various degrees of lime and soda ash treatment on
tho foaming characteristics of Virginia Polytechnic
Institute boiler water and New River boiler water, at atmos-

pheric pressure and at a constant evaporation rate.



II. LITERATURE REVIEW

Definitiona

Foaming. Poulk (10) gefined foaming as simply the
formation of foam on the surface of the water. This foam
rmight range in thickness from a layer barely covering the
surface to a mass that filled the entire steam space above
the water,

Priming. Webster (#1) defined priming in connection
with bollers as conveying water out of the boller with the
steam. Foulk and Rysnar (21) gave the following reasons
for priming:

1, The formation of a sufficiently thick layer of
foam on the surface of the boiler water to reach the steam
outlet,

2, Violent ebullition or other mechanical agitation
throwing slugs of water sgalnst the steam outlet,

3+ Lifting of the boiler water by the sudden formation
of steam bubbles throughout its mass.

Hetory

Poaming. Stromeyer (39) wrote about

< !’_ﬁ)'

foaming in 1893: "Information on this subject is as yet
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almost nonuxistent." Eighteen years later, Stabler (38)
evidently felt that little information had been added, for
he began a discussion of foaming and priming with the state-
ment that they “are probably the least understood of boiler
phenomena ,"

In 1925, Poulk (11} gtated that sodium salts apparent-
ly were the only definite chemlecal substances to which
foaming and priming were generally attribduted, but he had
not been able to find a record of any experiments which
Indicated that sodium salts alone were the cause of the
trouble, The belief had unguestionabdbly originated fyom the
fact that in the great majority of waters, sodium salts werc
the only ones that concentrated in the boller.

In 1890, Lord Raleigh (36) stated that upon boiling a
strong salt (NaCl) solution, only a slight foam layer was
formed on the surface of the solution. In 1904, Tatlock and
Thompson (40) reported a laboratory boiler which contained
over 30,000 parts per million of sodium salts but showed no
trace of carry-over. Koyl (30), in 1900, fed into boiling
water pure sodium carbonate up to several hundred grains per
gallon without producing foam. However, if Just a trace of
insoluble powder such as calcium carbonate was fed into the
water, it would foem vigorously,

In 1921, Baneroft (&) wrote that in order to get a foam
the only essential was that there be a distinet surface £ilmg
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that is, the concentration of the swrface layer should differ
fror. the mass of the liquid. All true solutlions would
therefore foam if there were a marked change of surface tenw
sion with concentration, regardless of whether the surface
tension inereased or decreased.

In 1945, Williams (#2) gtated that the main objectives of
feed water treatment were to protect the boiler and its
heating surfaces from scale, corrosion, and embrittlement,
Unfortunately, with the methods of treatment commonly used,
the troubles with foaning have increased. This was clearly
illustrated by the following statement made in 1943 in an
American Railway BEngineering Association (A.R.T.A.) Bullotiﬁél
A generation or so ago, with litile water treatment, the
major action of @&issolved solids was to form scale, and foale
ing was not a problem., By proper treatment of water supplies,
scale is no longer a problem, but the introduction of
alkaline sodium compounds has increased the foameproducing

capacity of the water supplies.”

. In 1924, Foulk a3) gave
the couses for foaming and priming as being elther physical
or chenical, or a combination of both. In 1947, Place (35)
stated that foaming 4s basically a result of chemical con-
ditions, and boiler water concentration and composition are
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the important factors involved.
Physical Fastors. PFoulk (13) 1fsted the physical factors

1, The design snd operation of the boiler. The more
complex the interior (tubes, stay bolts, ete.) the more likely
it was to foam,

2. The smaller the stean space the more likely that
water would dbe carried over with the steam,

3 Violent ebullition might occenr for a fow gseconds from
the sudden evolution of steam following a period of supere
heating. A similar situation might occur when a plece of
scale falls from the tubes and hot water comes in contact with
red hot metal, Rapid oponing of the stean valve might have
the same effect.

High pressure bollers are less likely to foam thah low
pressure ones. However, the American Boller Mamifacturers
Association (33), based on experienca, has decreased the pers
nissible concentration of dissolved solids in boliler water
with increased pressgure,

Chemical Substancess According to Foulk (11)’ substances
that caused foaming weres organic matter, impurities,
oily matter, soap, saline matter, alkalies, and suspended
solids.,

Bollers. Joseph end Hancock (29) stated that behavior
in experimental boilers and commercial boilers showed good



agreement. Foulk and Brill 17) peported that exact agree-
ment between laboratory and commercial boilers was not
alwvays the case. In 1939, Foulk and Rymnar (21) experiment-
ed with two different types of experimental boilers -- a
water tube boiler and a cylindrical boiler, They found that
up to concentrations of 40,000 parts per million sodium
chloride, the foam height in each case was essentially the
gsame. However, they stated that only a long series of
experiments could determine whether the behavior of the water
in experimental and cormercial bollers was the same,

g Yalues of Salt Solutions. In 1935, Foulk and
Brill (17) used a water tube experimental boller to deter-
mine the concentration when carry-cver began of solutions of

pure compounds. The final averages of the concentration at
which varlous pure salt solutions began to prime are shown
in Table I, page 8.

In 1938, Foulk and Ulmer (22) yged the same boiler as
Foulk and Brill (17) to determine the concentration at which
various pure salts began to prime. The results of their
findings are shown in Table II, page 10.

. According to Jacoby and Thompson (28),
"When a substance dissolves in & liquid, it is generally
found to be adsorbed in the liquid surface., If its concen~
tration in the surface is greater than in the body of the
liquid, 1t 1s sald to be positively adsordbed, and the




Table I

Priming Values of Pure 8alt Solutlions

Congsentration of
Substance in Solution Dissolved Solids
When n;gm Began|

Sodiwn Chloride »235
S8odium Carbonate 3046
Sodium Hydroxide 3151

Foulk, C. W, and Brill, H, C. So0lid Matter in
Boiler Water Poaming, 11X, Effect of Caleium
Carbonate and xagnul Hydroxido Precipitated
Inside the Boiler., Ind, Engr. Chem,,

1430-5, (1935).
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surface tencion of the liquid ig lowered. If its concentra-
tion in the surface is less than in the body of the liquid,
It i¢ sald to be negatively adsorbed and the surface
tension 1is Increased. Ir both cases a film mey be formed,
ancé both conditli neg may conitritute to film stablliity. In
other words, although foaming ls usually associated with a
lowering of zurlace tension, foaning 1ls not actually
dependent upor surface tension.

"Dissolved substances exerting a fllm-gtabilizing
action are generally conceded to be surface actlve, which
meane that they tend strongly to concentrate in the surface
layer ani thereby modify 1ts properties. The stabilizing
effect of dissolved substances, while not dependent upon sur-
face tension, is assoclated mainly with a lowering of
surface tension since they have no appreciable effect on
nechanical properties such as surface viscosity."

In 1931, Foulk and Filler (20) experimented with surface
tenslion 1n respeet to foan height and per cent film
formation, Both static and dynamie surface tension were
neasured. Dynamic curface tension meant a measurement made
on the surface within a small fraction of a second after the
formation or extenslion of the surface. ©Such measurements
were made by determining the distance between the nodal
points on a strean flowing from an elongated orifice, The

measurements were made within a small fraction of a second
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Table Il

Priming Values of Pure 8alt Solutions

‘ Concentration of
Substance in Solution Dissolved Solids
wWhen Priming Began

ppa
Sodiun Aluminate 5619
Sodium Chloride L2744
Bodium Carbonate IN6
Sodium Hydroxide 2988
Sodium Sulfate 2960
Caleium Chloride 2886
Sodium Phosphate 2566

Foulk, C. W. and Ulmer, Richard. Solid Matter in
Boiler Water Poaming, #V. Additive Effects of
Salts and Behavior of Gelatinous Precipitates.
Ind, Enzr. Chem., AQ’ : 158"60- (1938 .
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after the formation of the surface. Statlic surface tension
was measured after there had been time for the difference
in concentration between the surface and the bulk of the
solution to establish itself,

), ! ilm Formation. The apparatus as shown in
Figure No. 2, page 13, was used by Foulk and Miller (20)
for studying the behavior of two bubbles in contact in a
solution., It consisted of a bent tubs, A, ovening under a
small glass dbell, B, so placed that a bubble issuing from
the tube would be caught and held in such a way that a
second issuing bubble would touch it. The bubbles would ex-
hibit onlé one of two possible behaviors. On touching each
other thsy could either coalesce to form one larger bubble,
or they would not coalesce but would roll past or flatten

against each other, Per cent film formation was the per
cent of pairs of bubbles that failed to coalesce urxier the
same conditions,

The Dynamic Foam Meter used by Foulk and Miller <2°), as
shown in Figure No. 1, page 12, was designed by Hansley (25l
It was an arrangement for blowing alr through a porous
septum into a colum of liquid., The alr was filtered
through cotton wool and passed through soda lime to remove
carbon dioxide. The upper zone, A, consisted of true foam
and the lower zone, B, of a column of liquid through which
air budbdbles rose. The height of the foam zone was
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LEGEND

Foam Zone
Liquid Column
Alr Bubble
Porous Septum
Soda Lime
Alr Inlet

MO OQW>

Figure 1
Dynamic Foam Meter

Foulk, C, W, and Miller, J, D, Experimental
Evidence in Support of the Balanced layer
Theory of Liquid Pilm Pormation. Ind, Engr,
Chen,, 23, 1283-8, (1931),
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Apparatus for Determination
of Per Cent Film Formation

Foulx, C, W, and Miller, J. D, Experimental Evidence
in Support of the Balanced lLayer Theory of Liquid Film
Formation., Ind, Engr, Chem,, 23, t283-3, (1931).
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proportional to the stability of the foam bubbles, or film,
and to the rate at which the foam bubbles were moving up
the tube,

By use of the Dynamic Foam Meter and Bubble Testing
Apparatus, Foulk and Miller (20) experimented with several
salts, as shown in Table III, page 15, and found that:

1, The more concentrated the salt solution:

a. The greater the difference between static
and dynamie surface tension.

bs The greater the foam height.

¢. The greater the per cent {ilm formation.

2, The dynanic surface tension of positively adsorbed
salts vas greater than the statie surface tension.

3¢ The dynamic surface tension of negatively adsorbed
salts was less than the statie surface tension.

4, Solutions containing both positively and negativee
ly adsorbed salts tend to cancel the foanming
tendencies of each other by producing equality of
concentration between surface and mass of the
solution.

Figure 3, page 16, shows graphically the relationship
of molar concentration versus the reciprocal of the foam
height as shown in Table III, page 15, The reciprocal of
the foam height was used in order to produce curves that
were similar to‘thoso found in this investigation,
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Table 11X

Effect of Concentration Upon Difference Betwsen
Static and Dynamlic Surface Tension, Foam~Zone

Height, and Percentsge Film Formation.

Surface Tension
Foam- Film
Statiq Dynamic| Difference| Zone Fornte
Molar | dynes dynes dynes Height | tion
Conc. | per cq. per cc.| Dper &cC, ons, %
Sodium Sulfate @
) 9 W6 243 o6 82
IR B M| B2
on | B2l B 1.1 5 o 3
0 .2 73 .0 72 03 0 07 3 02 1
0.C5 723 72,2 0.l 1,6 b
Sodium Chloride
(Negatively Adsorbed)
1.0 73,8 725 1.3 546 Wb
o 73.3 7243 1-9 5 olt 35
046 7249 723 0.6 5.1 25
Ol 724 72¢2 .3 5.1 lg
C.2 72 ™ 72 2 0 2 .8
0,05 7242 722 0.0 1.9
o Sodium Sulfoecyanate T
( Positively Adsorbed)
1.0 7142 Ot 4,8 28
C.8 71.5 '71 g Ce2 3.9 22
046 715 03 2.3 17
Ot 71.7 71 .8 Oel 1.2 o
0.2 719 72.1 0.2 1.2 2
0,05 72.3 72.2 40,1 1.1 0.3

Foulk, C, W, and Miller, J. D, Experimental Evidence

in Su port of the Ba.lmcod L er Theory of L1
Film Formation. Ind, Engr. Chem,, 23,

(1931).

12648,

d
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. In 1933, Foulk and Grove (18)
advanced the 1dea that an increase of the stability of the
bubbles, which in a way was similar tc the stabilization of

emilsions, was presumably caused by the action of eleetric
double layers surrounding the individual bubbles. In 1938,
Adams ) expressed the opinion that the stabilization of
the bubbles might depend on the building up of insoluble
crystaliine films such as carbonates, hydroxides, or sul-
fates, precipitated zround the bubbles by the process of
evaporation.

In 1944, Cassel (9) stated that "the question as to why
the presance of electrolyte in the water under other-wised
unchanged conditions enhances the formation and stabiliza-
tion of more numerous bubbles than occur in less concentrated
solutions has not vet been satisfactorily answered."

: In 1929,
Foulk (1u) stated that "in solutions, the solute is elther

more or less concentrated in the surface layer than in the
interlor of the liquid. Now since diffuslion pressure tends
to produce and maintain uniformity of concentration throughe
out a solution, this difference in concentration between

the surface and the mass of the liquid must result from a
movement of a portion of the didsolved matter sgainst dif-
fusion pressures that 1s, work is done by the system against
diffusion pressure, and therefore, if equality of
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concentration between surface and interior 4s to be restor-
ed, work mmst be performed on the systenm. In other words,
such & system will resist a force tonding to bring about an
equality of concentration, or expressed in simpler terms, it
will resizt a tendency to mix the surface layer with the
rest of the liquid,

*If then, two surfaces ol a solutlon arc made to
approach gachi cther under the urge of somo small mechanical
force, a resistance will be set up when il:ie two surfeces
become very close together because pushing the two curfaces
together has & tendency to nldx them. If the mechanical
force 1s not too great, an equi librium will be reached --
the force pushing the two surfaces together will be balanced
by the physico~churical Torces tending to maintalrn the two
layer: sl cack swrface., 7The net effect is the formation of
& thin film of liquid with two layers of unsqual concentra-
tion on each side, or the film can equally be pletured as a
three-layer system in which the two outside layers have the
same concentration, but differ from that of the inside
layer."

In 1631, Foulk and Killer (20) attompted to depict the
two cases of surface~bubble formation as shown in Figure k,
page 19. A, iz a solution exhibiting negative adsorption
of dissolved matter 1u the surlnce, and, B, i3 cne showing
positive adsorption, The 1light hatehing arcund the
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Figure 4

Surface-Bubble Formation

Foulk, C, W, and Miller, J. D. Experimental
Evidence in Support of the Balanced layer
Theory of Liquid Film Formation, Ind. Engr.
Chem., 23, 1283-8, (1931).
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interior of bubble 1, represents, on an exaggerated scale,
the interior thin layer of less concentration than that of
the mass of liquid. At g, this bubble is represented as
having risen to the top and having pushed up a portion of
the surface layer, also less concentrated than the bulk of
the solution. Between these two surface layers is a thin
layer of the solution of the bhulk concentration. The two
surface layers are plctured at g, as having ceased thelr ap~
proach to each other because any further approach would
result, in effect, in mixing themy that is, it would cause
uniform concentration of the three layers, the two surfaces,
and the interior one of bulk concentration. This tendency
to mix 18 resisted by the physico-chemical forces which
brought about the differences in concentration, and conse-
quently a film is formed, Exactly the same set of conditions
is pictured at B, except that positive adsorption is exhibit-
ed at ]. At 2, there are again two surface layers differing
in concentration from the bulk of the soluticn, and between
them is one of bulk concentration.

In 1946, Place (34) gtated that the majority of carry-
over problems boiled down to control of foaming in the boiler.
At low ratings and with large diameter drums, sufficient
time is allowed for destruction of the foam films and
liberation of the entrapped steam and foam, and carry-over
may not become a problem, even with high boiler water
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conesntrations, and with considerable foam gensrated in the
boiler, At higher ratings and with smaller drums, the rate
of foam goneration tends to execeed the rate at which the
foam films carn be destroyed and boiler water concentration
limits ere usually lower,

Theory of Carrvegver. In 1947, Mumford (32) offered a
theory for carry-over based on the idea that chemicals in
water from which stean 1s medo are concentrated in a film
surrounding the stean bubble and that coperating pressure and
chemical concentration are related to stean contamination,
His belfef was that the scluble material must remain undig-
solved in the liquid and wost likely concentrateiin the filn
surrounding the steam bubble, to a degree deopendent upen the
size of the bubble and the thickness of the film. The surface
tension rises with the concentration of dissolved matter and
the film strength could be high even at the high tempera-
tures accompanying high pressures. Liltle actual knowledge
was available on the subject of bubble dismeter, but Mumford
stated that bubble diameter should decrease with increased
pressure because the degree of concentration, and, therefore,
the surface tension incresses with pressure., His theory vas
that strong films would be formed around bubbles of steam
and the film stroength would increase rapldly with increase in
pressure oven in 4ilute boiler waters, The foregoing would
appear to do confirmed by the fact that the American Boiler
Manufacturers Association (33), vesed on experience,
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decreased the permissible concentration of dissolved solids in
boiler water with increase in pressure as shown in Table IV,
page 23. These recommended limits for sollds are not
necessarily exactly applicable to each individual case, They
are limits of a2 general nature -~ providing a good starting
point,

Foulk (33} experimented

on the stabiligzation of foams by solid matter in solutions
bolling at atmospheric pressure. At least 100 trials were made
with various kinds of insoluble powders -~ pumice, sulfur,

pyrolusite, bone black, galena, boiler scale, precipitated
galcium carbonate, and lime stone, When the above substances
were bolled in distilled water, no appreciable foaming was ob-
served. If solutlions of sodium salts were used instead of
distilled water, it was found, "vwhen present in sufficient cone-
centrations” any one of the sodium salts together with any one
of the insoluble materials mentioned above produced a white
foam., Armong the solids tried, powdered boiler scale and lime-
stone were found to be most effective as foam producers.

In 1927, Joseph and Hencock (29) pecorded experiments
with a small laboratory boliler operated at pressures over 100
pounds snd also experiments with commercial boilers. In all
cases thelr evidence showed that the presence of finely divide
ed solid matter had no effect on the foaming and priming of
the boilers, On the other hand, the Water Service Committee
of the American Railvay Engineers Association for 1929 (5)
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Table IV,

Recommended Limit of Dissolved
80lid Concentration in Boiler Water

Pressure Dissolved Sollds
psi gage ppm
0 - 300 3500

301 « 150 3000

451 - 600 2500

601 - 750 2000

751 - 900 1250

901 ~1500 1000

Nieland, W. L« Control and Economics of
%2% Blowdown., Combustion, 16, - 35,
L
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gave data in the operation of certain commercial boilers
vhich showed that the presence of solids in the boiler in-
creagsed the water in the steam due to foaming and priming,

Poulk ‘M) found that different kinds of solid matter
stabllized the foams of salt solutions in groatly different
degrees, and some kinds of solid matter lost their foame
stabllizing properties on prolonged boiling in a salt solu-
tion.

In 1934, Foulk and wWhirl (23) found that the usual boil-
er solids, though initially possessing high foame-stabllizing
properties, rapidly lost them at the high tomperatures
(pressures) of steam boilers. Foulk called it "aging of the
- sludge.” They said that the cause of this loss of foame
stabilizing power 1s a progressive lessening of the sgo0lid mate
tor's resistance to wetting., If the =olid wetted instantly,
as in the case of ground flint, the pariicles sank at once,
and therefore, did not collect on the bubble films and
stabilize the bubble. This resistsnce to wetting might have
been due to traces of cil ir the s0lids or might have been a
natural property of the material, The density of the solids
played a minor role in the resistance to wetting.

Foaming in Sige Sevaration by Frotheflotation. In 1942,
gchuhmarnn (37) gtated that "geparation of ninerals by the
froth=flotation process involves two essential steps: (1)
chemical preperation of the mineral surfaces to make the parti-
clos of one nmineral aire-adherent while leaving the remalning
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mineral particles water adherent, and (2) production of a
froth from the water suspension of ore particles and separaw~
tion of this froth from the suspension. Badger and MeCabe'’’
stated that to obtain a persistent froth it 1e necessary to
increase the viscosity of the bubble films. Some agents used
as frothers are, cresylic acid, pine oil, other soft and
hardwood oils, and special mixtures of alcohonls and ketones,
The agent concentrates the mineral particles so as to form an
interface that is more viscous than either the frothing agent
or the water or thse mixture of the two. It is the presence
of the solid matter that contributes to the visocosity of the
bubble €ilms in the froth., The material in this paragreph
wag inserted only for information, and was not used in this
investigation.

Ingresse Foaming. In 1935, Foulk and Brill ‘17’ found evi-
dence both for and against the theory that suspended solids
increase foaming, Calcium carbonate formed in the boller by
the decomposition of the bicarbonate decreased foaming,
Calciunm carbonate precipitated by pumping sodium carbonate ine
to caleiun chloride solution in the boiler had no effect on
foaming. Calcium carbonate precipitated by pumping c¢aleium
ehloride into sodium carbonate solution in the boiler increas-
ed foaming, but the precipitate lost this property after
several hours in the hot boller.



Pnd T

In 1938, Foulk and Ulmer (22) found that calcium carbone
ate in presence of sodium chloride had little effect on
foaming; aluminum hydroxide, precipitated outside the boiler,
increased foamings ferric hydroxide, prec¢ipitated cuteide the
boiler, increased foaming; and magnesium hydroxide, precipi-
tated in the boller in the presence of an excess of sodium
hydroxide, reduced foaming.

Foulk and Ulmer (22) gtated that "an inspection of the
evidence offered by Foulk and Ulmer, Joseph and Hancock,
Holmes, Peters, Foulk and Whirl, and Foulk and Brill, shows
that the effect of suspended solids on the foaming of boﬂj.er
vater was not always the same, By experimenting with one \k:ln.a
of solid at a time, it was found that some kinds increased
foaming and others had no effect or actually deoreased it, It
wvas also shown that several kinds of solids vhich at first
increased foaming, lost that property while in the boller, and
that the speed of such loss was greater, the higher the
temperature of the water. These facts have been true both for
solids introduced from the outside and for solids precipitated
inside the boiler."

Theory of Antifoams. In 1924, Foulk (13) stated that
"the destruction of foam is due to the destruction of the
stabilizing action of the solid matter rather than to any
change in the surface tension.,” This theory was supported by
the statement in an American Railway Engineers Association
Bulletin (6) which stated, "that there is no evidence that the
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action of antifoam compounds i1s based on surface tension
changes."” |

In 1944, Cassel (9 reported that foam inhibiting agents
do not work at the water-steam interface, supposedly facili-
tating the coalescence of bubbles, but at the heating surfaces
and the surface of suspended particles. "In other words, it
appearsd that by properly condl tioning these interfaces, the
mumber of bubble nuclei could be drastically reduced so that
fewer ut larger bubbles are formed dbefore coalescence could
be of significance."” However, Cassel does not give a method
for properly conditioning the interfaces.

According to Jacolby and Thompson (28), all boiler anti=-
foam materials of greatest value possess at least two
properties in common e« surface activity and substantial ine
solublility in water. The effect of soluble surface active
substances on liquid films showed the mechanism of the rupture
of a doudblefaced film as consisting of ths thinning of this
f1lm due to a drainage of liquid from it as shown in Pigure 5,
page 28, The collapse of a foam bubble caused by this draine
age and thinning may be acconpanied by the sudden formation in
the adsorption layers of dehydrated aggregates of the surface
active material., This sudden "ecoagulation" of molecules and
formation of dehydrated aggregates, which are unable to re-
disperse themselves on the bubble film is termed by the physi-
cal chenist as "syneresis."” This synerecsis, when the bubble
£ilm 1s thinning, causes the surface active material to take



Thinning of Bubdle Film
due to Liquid Drainage

Jacoby, A, L. and Thompson, W, H, Improveaent
of 8:’“- Quality. Paper presented at the
Seventh Annual Water Conference of the Secietly
of Engineers of Western Pennsylvania,
Pittsburg, Pennsylvania, January 6-8, 1947,




the form of 1slands or patches on the film., The contimuity of
adsorption layers and homogenelty of the bubble film are thus
destroyed, high local differences in sur face tension result,
and the bubble 1s broken, It was belleved by Jacoby and
Thompson (28) that this phenomenon of syneresls was responsie
ble for the foam-destroying action of antifoam materials.

According to Jacoby (27), the theory of antifoam action
referred to above suggests that hydrogen bonding promotes
antifoam action by enhancing the syneretic effect and creating
a greater tendency for the monolayer to reach the ®"solid or
brittle" state.

Antifoean Compounds. In 1924, Foulk (13) stated that
castor o1l was the only known antifoam compound, However, in
1944, willlams *2) gtated that amide types of antifoams had
been found to give better results than the castor oil com-
pounds. In 1945, Gunderson (24) stated that surface-active
compounds which are good antifoam agents included: (1) com=
pounds contalning quaternary groups, e.g. tetracetylammonium
bromides (2) di- or trialkylated amines; (3) acylmono - or
dialdyl amides; (4) esters with at least two chains of 10 car-
bon atoms each, such as dodecyl ester of laurle acid or

9-octadecenyl ester of oleic acid.

stri ificatio

The purification of water for steam production (12) con-

sists in removing or destroying the scale forming and
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corrosive constituents. It happens that those impurities
that destroy soap, or make the water hard, are also the ones
that cause scale in steam bollers, and therefore the removal
of them 1s the most important kind of purification. These
impurlities are the dissolved caleium and magnesium compounds,
and the elimination of them from water is called "softening."

Lime~50da Ash Procegs. All of the carbonate or temporary
hardness constituents and that part of the permanent hardness
due to magnesium compounds can be precipitated from water by
means of lime (calcium oxide). The remaining hardness can
then be precipitated by means of soda ash (calcined sodium
carbonate) .

Reactions with Ling.
Ca0 ¢ H0 w Ca(0H),
HyCOq $+ Ca(0H); = CaCOy $ HyO
Ca(HCO3), + Ca(OH), w 2CaCOy 4 2840
Mg(HC03); & Ca(OH), =  MgCOy + 0aC0y $2H,0
MgCo, $ Ca(oH), =  Mg(OH), 4 CaCOg

$+ Ca(oH); g  Mg(OH), 4 cCall,

2 OXL8 WA LN S00d A8l
CaCly + RNapCO3 CaCOy 4 2NsCl
If the calcium is combined as sulfate or nitrate, sodium
sulfate or sodium nitrate will be left in the water instsad
of sodium chloride.

"



to Hoover (263 the amount of chemicals neaded for treatment
of boliler foed water are calculated by use of the following
formulas:

Lime,

Free and half bound €0, (ppm) x 0.0106 4 total Mg (ppm)
X 0.019 » 1hs. Ca0/1000 gallons.

Free and half bound COp is equal to approximately
4h per cent of the methyl orange alkalinity,

Soda Ash,

Nonecarbonate hardness (ppm) x 0.009 g 1lbs. FapC03/1000
gallons,

Alum,

1/ 1b. per 1000 gallons of clear water, If water is not
clear, additional alum should be used. The nmaximur for very
mddy water should be 1/2 1b, per 1000 gallons.
nalvseg. The American Public Health Aszo-
ciation (2)(3“") outlined the standard water analyses for
testing of boiler water. These tests are outlined in the Exe
perimental Section of thisg thesis on page 48 .,
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III. BXPERIMENTAL

Purpoge of the Study

The purpose of this investigation was to determine the
effect of various degrees of lime and soda ash treatment on
the foaming characteristies of Virginia Polytechnic
Institute boller water and New River boiler water, at atmos~
pheric pressure and at a constant evaporation rate.

Boiler water foaming has long been a major problem in
the production of steam for railroad locomotives, Not only
is it costly to remove part of the boiler water by dlowdown
at intervals in order to keep the concentration of the dis-
solved solids below the foaming concentration, tuat it is
still more costly if the foam iz allowed to be carried over
with the steam into the mechanism of the machinery. The
line-soda agh method of treatment was selected because of
its relative cheapness and its wide use for treatment of
water for railread locomotives.
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Plan of Investigation

The following plan of investigation was followed:

l¢ A review of the literature was made to study previocus
work that had been done on the study of foaming, present
knowledge of causes of foaming, and methods for the reduction
or elimination of foaming, in boiller waters,

2. By use of stendard glass laboratory eculpment, eppara-
tus vas assembled to simmlate a steam bdoiler. (Figure 6,
page 40.)

3¢ The relatively hard well water used at Virginia
Folytechnic Institute was collected from the tap in the labora-
tory, and the relatively soft New River water was collected
fron the Norfolk and Western Railrcad's boiler plant at Radford,
Virginia.

4. The raw water was tested for hardness, alkelinity,
chlorides, and dlssolved solids; and the amount of lime and
soda ash needed for the desired treatment was calculated and
added to the raw water in the treating, Individual treatments
were made for per cent alkalinities of approximately 10, 19,
20, 25, 30, and 35.

5« Twenty-four hours after treatment, the water was test-
ed for hardness, alkalinity, chlorides, and dissolved solidsj
and the per cent alkalinity, or degree of treatment, was
calculated. The water was always treated to at least 104
alkalinity te insure against corrosion, embrittlement,
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eracking, and scale forning constituents,

6. The treated water was boiled in the simulated steanm
boiler at atmospheric pressure, constant volume of 500 ml,,
and at a constant evaporation rate of 20.8 ml./uin., until the
foam layer was 31 inches which was sufficient height for the
foan to be carried out of the flask through the steam oute
let. The process was then stopped and the boiler water was
allowed to cool to room temperature.

7« The boiler water was tested for hardness, alkalinity,
chlorides, dissclved sclids, and suspended solidsy and the
per cent alkalinity wae calculated,

8. The foaming tendencies of Virginia Polytechnic
Institute boiler water and New River boller water were compars
ed, based on the dissolved solids concentration of the boiler
water with respect tc the per cent alkalinity.

9. Mineral analyses of the raw and treated waters were
made for the purpose of attempting to correlate the composi-
tion of the water with its foaming tendency.

1C, The results of this investigation were compared with

results of previous investigations.
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Materials

Acid Sulfuric. A. C. S. std., sp. gr. 1.8%, assay
95-96%, lot No. E-207018, Used for preparation of standard
solutions for alkalinity determinations. J. T. Baker Co.,
Phillipsburg, New Jersey.

Acid Nitrie. A. C. S. Std., sp. gr. 1.42, assay 70%,
lot No. 209027. Used in the mineral determination.

General Chemical Co., New York, New York.

Acid Hydorehloric. A. C. S. Std., sp. gr. 1.1878,
assay 37%, lot No. 70421, Used in the mineral determination.
E. I. Du Pont de Nemours and Co., Inc., Grasselli Chemicals
Dept., Wilmington, Delaware.

Acid Oxalic. Crystals, C. P., lot No. 51846, Used in
fhe mineral determination. J. T. Baker Co., Phillipsburg,
New Jersey.

Ammonium Hydroxide. 28% NH3, code 1293, lot No. E209002.
Used in the mineral determination. General Chemical Co.,

New York,New York.

Ammonium Carbonate. Powder, C. P., lot No. 38, Used in

the mineral determination. General Chemical Co., New ¥York,
New York.

Alum. Commercial Grade, 17% A1203. Used as the
coagulent for the treated water. Davidson Chemical Co.,

Columbus, Ohio.
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Barium Chloride. Crystals, C. P., lot No. 32729, Used
in the mineral determination. Merck & Co., Rahway, New Jersey.

Barium Hydroxide. Crystals, C. P., lot No. 2647. Used
in the mineral determination. J. T. Baker Co., Phillipsburg,
New Jersey.

Castile Soap. Powder, C. P., lot No. 42345, Used for

preparation of standard soap solution for hardness tests.

J« To Baker Co., Phillipsburg, New Jersey.
Calcium Carbonate. Powder, C. P., lot No. 42806, Used

for preraration of standard hardness solution. Merck & €Go.,

Rahway, ilew Jersey.

Gas. Pyrofax. Used as fuel for Fisher burner. Natural

Gas Distributors, Roanoke, Virginia.

Lime. Commercial Grade, "Chemical Hydrate", 93.1%
calcium hydroxide. Used for water treatment. National
Gypsum Co., Bellefonte, Pennsylvania.

Alcohol. Methyl, Absolute Refined, code No. 1214PB.
Used in prevaration of standard soavn solution for hardness
tests. Phipps & Bird Co., Richmond, Virginia.

Paint. Aluminum, ready mixed, No. 470, Rust Preventative.
Used for painting the inside of the treating tank. Rust

Oleum Co., Evanston, Illinois.

Phenolphthalein. Solution No. 222, lot No. 119. Used as

an indicator in water tests. National Aluminate Corp.,

Chicago, Illinois.
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Potassium Chromate. Crystals, C. P., lot No. 112743,
Used in preparation of indicator for chloride tests.
Jeo T. Baker Co., Phillipsburg, New Jersey.

Methyl Orange. Solution. Used as an indicator in

water tests. General Chemical Co., New York, New York.
Soda Ash. Powder, Commercial Grade, 99,6% sodium car-
bonate. Used for water treatment. Wyandotte Chemicals
Corp., Wyandotte, Michigan.
Sodium Carbonate. Powder, C. P., lot No. 41246, Used

in preparation of standard dissolved solids solutions.
Je Te Baker Co., Phillipsburg, New Jersey.
Sodium Chloride. Crystals, C. P. lot No. 9645. Used

in preparation of standard dissolved solids solutions.
Jeo Te Baker Co., Phillipsburg, New Jersey.
Sodium Ammonium Phosphate. Crystal, C. P. lot No. 6342,

Used in the mineral determination. J. T. Baker Co.,
Phillipsburg, New Jersey.
Silver Nitrate. Crystals, C. P., lot No. 11146, Used

in the chloride determination. J. T. Baker Co., Phillipsburg,

New Jersey.
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Water. Virginia Polytechnic Institute. Relatively hard
well water which had been treated with chlorine. Obtained
from tap in laboratory and used as raw water for treatment
with lime and soda ash for use as boiler feed water.

Water. New River. Relatively soft river water which
had no previous treatment. Obtained from Norfolk and
Western Railroad Boiler Plant at Radford, Virginia. Used as
raw water for treatment with lime an& soda ash for use as
boiler feed water.

Water. Distilled. Used to prepare all standard solu=-
tions used in this investigation. Stokes Still, copper

lined. Chemistry Stock Room.

Apparatus

Flask. Pyrex,round bottom, 1000 ml. Used as the boiler
in the laboratory apparatus for foaming test of boiler water.
(Figure 6, page 40.)

Funnel. Pyrex, long stem. Used as feed inlet to flask
in laboratory apparatus for foaming tests of boiler water.

Funnel. Separatory, 250 ml. Used as feed regulator to
flask in the laboratory anparatus for foaming tests of
boiler water.

Condenser. Pyrex, 24 inches long. Used to condense
steam from the flask in the laboratory avparatus for foaming

tests of boiler water.
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Nalcometer. Model CMA-4, v, 110 a.c., cycles 25-60,
serial No. 18%9%%. Used for the determination of total dis-
solved solids in boiler waters. Manufactﬁred by National
Aluminate Co., Chicago, Illinois.

Oven. Drying, electric, Serial No. 100-2761, Cat.

No. 1250, Tempn. range 35 to 180° C.y V. 110, amps. 5.5,
cycles 60, watts 100, phases 1, Type A. Used for evapora-
tion of water samples. Manufactured by Precision Scientific
Co., Chicago, Illinois.

Balance. Chainweight, Type DLB No. 15345. Used to
weigh all samvles in analytical work. Manufactured by
William Ainsworth and Sons, Denver, Colorado.

| Furnace. Electric, v. 220 a.c., maximum temp. 1350° F.
Used for igniting samples in mineral analysis. Manufactured
by Allied Cooley Electric Corp., Indianapolis, Indiana.

Plate. Hot, round, Serial No. ROPH 7066, v. 120,
watts 660. Used for heating samples in the water analysis
procedure. Manufactured by Fisher Scientific Co.,
Pittsburgh, Pennsylvania.

Tank, Treating, steel, 30 gallon capacity. Used for
treatment of raw water. Obtained from the Chemical
Engineering Unit Operations Laboratory.

Burner. Fisher. Used to heat water in flask of the
foaming test avnparatus. Manufactured by Fisher Scientific

Co., Pittsburgh, Pennsylvania.
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Rack. Funnel, wooden. Used to hold funnels for

filtrations in analytical determinations.

Paper. Filter, Scimatco, No. 9-790, 11.0 cm., ash
0.0008 gram. Used to filter precipitate in analytical
determinations. Manufactured by Fisher Scientific Co.,
Pittsburgh, Pennsylvania.

Dishes. Evaporating, vorcelain, Coors, 3" diameter.
Used for evavoration of water samrles.

Crucibles. Porcelain, 20 ml. capacity, Coors. Used to
ignite samples in the analytical determinations.

Thermometer. Glass, -15° to 360° C., 1° graduations.

Used to read temnerature of electric drying oven. Brothcom,

New York, New York.

Thermometer. Glass, with armor, 50° to 120° F., 1°

graduations. Used to read temmerature of water samnles.
National Aluminate Co., Chicago, Illinois.

Miscellaneous Equipment. Including ring stands, clamps,

trinods, rubber tubing, rubber stonpers, cork stonners,
tongs, asbestos pads, tongs.

Miscellaneous Glassware. Including water bottle, indi-

cator bottles, graduated cylind-rs, watch glasses, beakers,
desiccator, volumetric flasks, gallon jugs, funnels, shaking

bottles, burrettes, adapter, beakers.
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The equipment used in this investigation was divided in-
to three major categories. These weres water treating
equipment, apparatus used for foaming tests, and analytiecal
equipment,

. The water trecating equipment
consisted of a 30 gallon steel drum, whiech was first thorough-
ly cleaned and then pailnted with rust preventive aluminum
paint. The tan was opon at the top and a 3/8 inch water
line from the tap was available either for use as raw water or
for cleaning purposes. A 1/2 inch drain line from the bottom
of the tank was comnected to the floor drein, A 24 inch
wooden paddle was used for agitation.

1tg. All of the pleces of
apparatus used in the foaming test equipment were obtained
from the chemical stock room. (Figure 6, page 40). All of
the apparatus was supported by means of ring stands and

clanps.

A one-liter, Ryrex, round-bottom flask was used as the
similated boller, and was supported by a clamp &t the neck of
the flask. A Ho. 7, two~hole rubber stopper was inserted in
the top of the flask, A funnel with s 10 inch stem was put
into one of the holes in the stopper. A 45° bend was made
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in the stem, 1 ineh from the end, which was inside the flask,
The funnel was so placed that the end was approximately

1/2 inch from the bottom of the flask, In the second hole
of the rubber stopper, & .p:lm of 3 mm, inside diameter soft
glass tubing was inserted so that 1t extended 1 inch down
the ne¢k of the flask, Two inches above the stopper, the
gless tubing was bent at 105° and then extended 2 inches more.
This served as the steam outlet and was connected by means
of a No, 1, cne-hole rubber stopper, to a 24 inch Pyrex
water condenser, vhich was supported by a ring clamp.

| A 250 ml, separatory funnel was supported by means of a
ring clamp Just above the funnel that extended down into the
round bottom flask, The end of tho stem of the separatory
funnel extended 3/8 inch below the rim of the funnel,

Tap water was used as cooling water in the condenser and
rubber tubing wae used for both the inlet and outlet water.
The rate of cooling wator was spproximately 2 liters per
mimite. The condensate was collected in a WOC ml, beaker,
vhich was marked at 25C ml. A pisher burner was used to heat
‘the water in the round bottom flask, and rubber tubing was
used for connecting the gas main to the burner.
nl _Egquipment. All of the pleces of equipment
ﬁ“d in the analytical determinations, with the exception of
the Nalcometer, were obtained from the chemlcal stock room,
Burettes weore supported on ring stands and held in place by

means of burette clamps,



Both Virginia Polytechnic Institute water and New River
water verse used in the foaming tests, Hence, two separate
methods of conveying the water to the treating tank had to
be devised,

3r. As previcusly exe
plained in this section under "Water Treating Equipment®,
a 3/8 inch water line from the tap was available to the top
of the treating tank. The tank was initially serubbed with
water and then the tap water was turned on and allowed to
rn freely while the drain in the bottom of the treating
tank was open. After five mimutes, the drain valve was clos-
ed and the tank was allowed to fill to the desired level,
Hax River Water. New River water was collected from the
Norfolk and Western Rallroadt's Stationary Boilgr Plant at
Badford, Virginia. The pumping station was located on the
New fiver just opposite the city of Radford. Water was pumpe

ed fron the New River to a large overw-head storage tank
which was connected by a pipe line to the boiler plant, The
hose from which the water was collected was connected to

this line, The hose waz flushed for three minutes hefore any
water was collected, 84ix five-gallon glass carboys wvere
thoroughly cleaned and rinsed with the water befcre they

wore filled. They were transported to and from Blacksburg by
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automodbile.

The treating tank was initially scrubdbed with Virginia
Polytechnic Institute water and then rinsed with approximate-
ly two quarts of New River water before filling to the
desired level. |

Sappling of dater

Raw water, treated water, and boller water were sampled
for testing purposes., Hence, three separate methods of
sampling were employed.

BRaw Water. A one gallon Jug which had been previously
cleaned both inside and out, and rinsed with the water to be
sampled, was dipped into the treating tank immediately after
it was filled to the desired level., The jug was fllled onew
third full with water from each of the bottom, middle, and
top portions of the tank., Before samples were taken from the
Jug for testing purposes, the jug was shaken to insure unie
forn nixing.

A one gallon glass Jjug was thoroughly
cleaned and rinsed with the water to be sampled. By means of
a rubber siphoning tube, the jug was filled one-third full
with water from each of the top, middle, and botton portions
of the tank. Before samples wer: taken from the jug for
testing purposes, the jug was shaken to ins re uniform mixXe

ing.
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Boilar Water. After the foaming concentration had been
determined, the boller water was allowed to cool 4n the
flask, Samples were removed by mesns of pipettes and at the
same time, the flask was swirled in order to insure uniform

After the treated water had baen tested and found satis-
faotory for boiler use, one gallon was siphoned from the
treating tank into a gallon jug by means of rubber tubing.
Care was taken to keep the end of the tubing that was in the
tank about three inches from the surface of the water, 0Oare
was also taken sc as to disturb the water in the tank as
1ittlo as possible to avoid causing the sludge that had set~
tled on the bottom of the tank to rise and mix with the treate
od wvater.

A 500 nml. mark was made on the liter round bottom
flask, J, as shown in Figure 6, page 40, and treated water
added through the funnel up to this mark, 250 ml. of trsatw
ed water was added to the separatory funnel, 4, and the stop
cock was closed. Cooling water from the tazp was circulated
through the condenser, , and a 400 nl, beaker, D, with a
250 ml, mark, was placed so as to eollect the condensate.

A Figher burner was placed beneath the flask with the
top of the burner 1 inches from the bottom of the flask,
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The gas was turned on and the time was recorded vhen the
water began to bdoil, The stop cock on the separatory funnel
was opened and the feed was regulated so as to keep the
wvater at the same level in the flask., When 250 ml, had been
evaporated, as indlcated by the empty separatory funnel and
the condensate level at the 250 ml. mark in the beaker, the
tine was recorded, the condensate beaker replaced with a
sinmilar empty beaker, and 250 ml. of feed water was added to
the separatory funnel. The time difference was noted and
recorded, The intensity of the flame and the rate of feed
were adjusted so as to glve an evaporation rate of 250 nl.
per 12 mimites.

The phenoliphthalein and methyl orange alkalinity tests
wore made on a 58,3 ml, sample of the stillate. This pro-
cedure was discontinued after the first few runs because no
alkalinity was found in the condensate until actusal carry-
over of feam through the 3 nm, glass tubing that served as
the steam outlet was observed,

More feed water was sirhoned from the feed tank and boil-
ing was continued, Constant evaporation rate was maintained
by checking the level in the flask, fesd rate, and conden~
sate, The amount of water evaporated before the water in
the flask foamed sufiiclently to £ill the entire space in the
flask above the water with foam, varled from eight to forty
liters -~ depending upon the degree of treatment of the

water.
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When the foam resched sufficient height in the flask
to be carried over throush the steam outlet, the burner was
removed from beneath the flask in order that the water
would subside. The steam outlet was located 3} inches above
the water level in the flask, After approximatély 15
seconds, the burner was replaced beneath the flask ard boile
ing was continued, If the water again foamed sufficiently
that carry-over was observed, the feed wator and the gas
wore both turned off, If the water did not foam sufficient-
ly for carry-over to be observed, the bolling was contimued
until carry-cver was again observed.

The boiler water in the flask was allowed to cool to
room temperature and was then tested as explained in the
following section, "Testing of Yater". |

natd vat

Raw vater, treated water, and boller water wore tosted
in the same manner except for slight differences explalned
herein, The syumbols in parentheses following tiic name of
the test are the standard symbols used for water
analysis. (23 (3) ()

Hardness (H). Fifty-eight and three tenths ml. of the
water to be tested were measured into an S-ounce shaking
bottle, Standard soap soiution was added Ifrom a burette in
gmall amounts at a time, (prepared as shown on page 64)
with vigorous shaking after ¢acn addition.
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If a false end point or "Ghost Point" was found, it vwas re-
corded as this was the dividing line between the caleium and
magnesium gsalts, The addition of soap solution was
continued until a one inch lather was secured vhich would
last for at least five minutes. The murbor of ml., of soap
solution, minus 1.0 ml. as the lather factor, gave the total
hardness of the water in grains per gallen in terms of
calcium carbonate, The dlfference between the end point and
the "Ghost Point" gave the hardness due to magnesium in
grains per gallon in terms of calcium carbonate,

Four drops of phenol-
phthalein indicator were added to 58,3 ml. of the saumple in
a white porcelain evaporating dish. N/50 sulfuric acid was
added from a arette until the pink ¢olor disappeared, The

amount of standard acid required to change the water from
pink to colorless measured the hydroxides plus one~half the
normal carbonates in grains per gallon in terms of calelum
carbonate, In the case of the two raw waters, the addition
of phenolphthalein indicator did not turn the sample pink,
thus indicating only bicarbonates, and no hydroxides or normal
carbonates present in the water. For boiler water, a 1/%
sanple, or 14,75 ml., was used and the amount of N/5C sule
furic acid required was multiplied by 4+ in order to get the
phenolphthalein alkalinity in grains per gallon in terms of
calcium carbonate.



phenolphthalein alkalinity determination was used, and two
drops of methyl orange indicator werse added and ths sample
turned yellow. N/50 sulfuric aclid was added from a burette
until the faintest pink coloration eppeared. The methyl
orange alkalinity, or total alkalinity, in grains per gallon
caleiun carbonate was equal to the total number of ml, of
/950 sulfuric acid added to the sample. For boiler water,
the total amount of N/50 sulfuric acid required was multie
plied by 4 in order to get the total alkalinity in grains per
gallon in terms of calclum carbonate. The amounts of hydro-
xide, normal carbonates, and bicarbonates in the sample were
determined by means of Table V, page 51,

Une i}, of potassium chromate

indicator was added to the same sample as used for the
alkalinity determination. ©Standard silver nitrate solution
wvas added from a burette until a reddish coloration was de-
tected., The detection of the end point was facilitated by come
parison of the color in the porcelain evaporating dish with
that in a similar vessel containing the same quantity of ine
dicator in 58,3 ml, of distilled water to which C.3 ml, of
standard silver nitrate solution had been added. The total
number of ml. of standard silver nitrate soclution used, minus
Oe3 mley was equal to the amount of sodium chloride in the
sanple in grains per gallon sodium chloride. In the case of
the boiler water, the total number of ml. used, mimus 0.3 ml,,



Table V

Relations betwesn Alkalinity to Phenolphthelein

and that to M

ethyl Orange in Presence of

Hydroxide, Carbonate, and Biearbonate.

Result of Titration™

Value of Radicle Expresssd
in termns of Caleiua Carbonate

Hydroxide | Carbonate | Bicarbonate
P=o o v X
P< /2K 0 op M-2P
P=m /2 K 0 ap 0
P>t/2 H ar-u 2(M-P)
Py M 0 Q

"M - Total alkalinity in presence of methyl orange
P = Alkalinity in presence of phenolphthalein

Anon, "“Standard Mothods of Water Analysis”, p. 36,
Anerioan Public Health Association, New York, New
York. (1933), Tth ed,
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was multiplied by % in order to get the sodium chloride
content in grains per gallan.

Plasglved Solids (D8), The water to be te#tad was
filtered through a No. 9=790, Secimatco, 11 em,, filter paper.
A 50 ml, sample was measured in a pipette and added to a pre-
weighed evaporating dish which had been dried for one hour
at 105° C, in the drying oven, and cooled in a desiceator.
The sample was covered with a wateh glass and placed in the
drying oven and evaporated to dryness at 105° ¢, The
evaporating dish was cooled in a desiccator and reweighed.
The difference in weight multiplied by 1.166 gave the dissolv~
ed solid content of the sauple in grains per gallon.

Ralcometer was used only for the determination of dissolved
s0lids in boiler water as it was found to be outside the
limit of accuracy below 30 grains per gallon dissolved solids.
Approximately 5C ml. of the sample to be tested was put into
the test cylinder provided with the Nalcometer, and 2 drops
of phenolphthalein were added to turn the sample pink.

2N sulfuric acid was added drop by drop until there was Just
the slightest pink coloration left in the sample., If too
mich acld was added, more of the sample was added in order to
make the sample barely pink in color. The electrode was sube
merged in the test cylinder, and the temperature of the
sample was determined by means of a 50° to 120° F. thermome-
ter. The temperature reading was set on the ] scale by
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means of the course and the fine adjustment lmobs., The
scale selector knob was turned to the ]I scale which has a
maxirum reading of 1000 grains per gallon dissclved solids,
and the dissolved soclid content was read directly fron the
i1 scale., If the reading on the Il scale was below 150, the
scale selector knob was turned to the ] scale which has a
maximu reading of 15C grains per gallon, and the dissolved
solid content was reﬁd directly from the ] scale,

The eleetrodeimst be completely submerged in the sample
when the readings are taken. The theory of the Ralcometer
1s based upon the difference in electrical conductivity of
salt solutions of ifferent stpengths. The sample does not
have to be filtered first because the solid particles do not
affect the eleetrical conductivity of the solution.,

A 50 ml. sample of the water to be
tested was measured in a 50 ml. plpette and added to a pre-
wolghed evaporating dish which had been dried for one hour at
105° C, in the drying oven, and cooled in a desiccator. The

sample was covered wlth a watch glass and placed in the

drying oven and evaporated to dryness at 105° ¢, The evapo-
rating dish was cooled in a desiccator and rewaeighed., The
difference in welghts minus the differance in weights of the
dissolved solid sample, multiplied by 1.166 gave the suspend-
ed sollid content of the sample in grains per gallon.

Duplicate samples were tested to check the accuracy of the re-
sults.
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talinity M), Per cent alkalinity was the
anmount of excess alkalinlity in the dissolved s0lld content of
the water., It was calculated by the following formilas
Tetal Alkalinity (M) - Hardness (H)

e e e e o e o - e e -~ X 100 » Per cent
Dissolved Solids (DS) ~ Hardness (H) All(:%:;.nity
{

In this investigation, per cent alkalinity was used as
a standard for measuremenl of treatment oxcesses.

The water used in this investigation was treated only hy
the lime-soda ash method of treatment. Alum was used in each
case as a coagulate.

A The amount of commercial hydrated
lime (calcium hydroxide) used in each bateh treatment was de-
ternined {rom the following formulas

Free and half bound CO, (ppm) x 0,0106 ¢

Total magnesium (ppm) x C.0l9 w 1bs. Ca0/1000 gallons.

The amount of free and half bound carbon dioxide was
assumed to be Y4 of the total alkalinity (26),

The raesult of the value obtained fronm the above forzmla
was miltiplied by the following conversion factors to change
from pounds of Ca0/1000 gallons to grams of Ca(OH)5/25 gal-
lons.
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2 -gf- to convert from 1000 gallons to 25 gallons.
1000

b. 453.6 to convert from pounds to grams.

c. 17.1 to convert from grains/gallon to ppm.

de 1l.43 to convert from Ca0 to Ca(OH),.

The calculated amount of lime needed was weighed on the
balance in a dry evaporating dish and added to the raw water
in the treating tank. A camel's hair brush was used in order
to get all of the lime from the dish. The water was stirred
vigorously for about five minutes after the addition of the
lime. In each case of treatment a certain per cent of
additional lime was added, depending upon the excess degree
of treatment that was desired.

Treatment with Soda Ash. The amount of commercial soda
ash (sodium carbonate) used in each batch treatment was de-
termined from the following formula:

Non-carbonate hardness x 0.009 = lbs. soda ash/1000 gal-
lons.

The same conversion factors as used in the lime deter-
mination apply in the determination of soda ash with the
exception of d.

The calculated amount of soda ash needed was weighed on
the balance in a dry evaporating dish and added to the water
that had lime previously added. A camel's hair brush was
used in order to get all of the soda ash from the dish. The

water was stirred vigorously for about five minutes after the
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addition of the soda ash. In each case of treatment, a
certain per cent of additional soda ash was added depending
upon the excess degree of treatment that was desired.

Treatment with Alum. The amount of alum (aluminum

sulfate) needed in each batch treatment was based on the re-
lationship of 1/% pound of alum for 1000 gallons of clear
water, and 1/2 pound of alum for 1000 gallons of muddy water.
In all cases of treating Virginia Polytechnic Institute
water, the equivalent of 1/% pound per 1000 gallons was used.
However, the different collections of New River water varied
from slightly muddy to very muddy, and the equivalent of
3/8 to 1/2 pound per 1000 gallons was used depending upon the
clearness of the raw water. The calculated amount of alum
needed was weighed on the balance in a dry evaporating dish
and added to the water to which lime and soda ash had previous-
ly been added. The water was stirred vigorously for approxi-
mately five minutes after the addition of the alum. The
water was stirred every fifteen minutes for one hour and then
was allowed to stand for at least 24 hours before using.

The actual amounts of chemicals added for different batch
treatments are shown in Table VI, page 57. A sample calcula-
tion of the amounts of chemicals needed for the desired

treatment is shown on page 67 .



Zable Vi

Amowit of Chealcals Added for Lime-Soda Ash
Treataent of Raw Bater

Run Mo, Liae Soda Ash Adus ter
graas grans granes gallions
Yirginis Polytechnio Institute Raw Water

3 2740 4,00 Ja0 a3

4 28.¢0 3«50 340 a5

5 2640 a5 30 as

6 8,9 1.04 QaD 10

7 20,0 4,25 Tl a5

b 300 4,50 30 25

" 30,0 5.85 Jeb 25

18-13 3.0 385 30 &5

New River Raw ¥Wator

e 17etd .25 2,558 4.5 a5

15m 16 18 10 A P20 4,0 a5

19=30 10400 2.59 4,0 25
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A plineral analysis wss run on both the raw and treated
water according to "Standard lothods of ‘fator Analymis® (),
All rogults were dotornined ir grains por gallon, and all
snalysps we ¢ rn in duplicnie in order o chock thoe acouracy
of tho resultis,

2eteraination of Silles (S810s)e The sample to be
analysed wae {iltored thwough llio. %=790C, Seimteo, 11 oo,
f4ltor papar. Ty uso of a 100 ml, plpotte, 100 ml, of the
filt-red sacple wag added to a WO ml. beslwr and ovaporated
on the eloctric hot plato., thon the sasple was slmost o
dryness, 100 nl., nore of the sample was added and this proco-
dure was contimed until 500 wl. had boen evaporatel, vhen
the 50C ml. serple wae noarly dry, 1.0 pl. of 11l hydroe
chloric acld was added, ond after moletening the sides of the
beaker in ord: r to recover wmy mattor that nmay have clung
there, the canplo was evaporatel fto drymess, It was baked on
the gloctric wt plate for onoshalf hour. 7The residue was
- mofptenod with disztilled water and o fow dropg of lil hydroe
shloric acid wne added. The sample was heated to bolling amd
waa Ciltered tizough lo, 9«70, SHelnateo, 11 eme, Tilter
poper. The filter papor wns waghed thros times with hot dise
$11led wvater,
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The filter paper containing the precipltate of szilica
and silicates, was folded and placed into a small porcelain
crucible which had been weighed on the chainweight balance,
The crucible was placed in the laboratory furnace at 1200° F,
for one hour, removed, and allowed to cool for 1/2 hour in
the desiccator, It was reweighed on the balance and the dif-
ference in the two weights was reported as silica (5105).

Determination of Iron and Alumimum (Fep03). The
filtrate from the silica determination contained iron, alumi-

num, calcium, and magnesium. The filtrate was heated on the
hot plate to boiling and was oxidized with 5.0 ml. of
concentrated nitric acid, The sample was concentrated to about
25 ml, and ammonium hydroxide was added drop by drop until the
solution was slightly alkaline, as determined by the change of
color from red to blue of litmus paper to which a portion of

a drop of the sample had been added. The sample was bolled

for one minute to expel the excess ammonia, and was then filt-
ered through No. 90790, Scimateco, 11 em, filter paper and
washed three times with distilled water,

The precipitate contained iron and aluminum. The filter
paper containing the precipitate was placed in a small pre-
weighed crucible and ignited at 1200° F, in the laboratory fur-
nace, The crucible was removed from the furnace afier one hour,
and placed in the desiccator to cool. After 1/2 hour the
crucible was rewelghed and the difference in the two welghts
was reported as ferric oxlde (Fep03) plus aluminum



oxide (Alp03).

i ;3 « Tho filtrate frou the
Iron-aluninunm determination contained calciun and magnesiwm,
The filtrate was boiled on the hot plate and concentrated to
approximately 10C ml. To this was added 15 ml. of a con-
centrated solution of axmonium oxalate in 3 ml. portlons at
a time, The solution was stirred at intervals and kept warn
until the precipitate settled readlily and the supernatant
1iquid was clear. This usually required approximately 1/2
hour. The solution was filtered through Ho. 9-790, Scimatco,
11 em. filter paper and the preclpitate was washed five
times with distilled water.

The precipitate contained ¢aleium oxalate. The filter
paper containing the precipitate was put in a small preweigh-
ed porcelain crucible and ignited at 1200° F, in the
laboratory furnace for one hour. The erucible was removed
from the furnace, and allowed to cool for 1/2 hour in the
desiccator. The crucible was reweighed and the difference in
the two weights was recorded as calcium oxide. The weight of
calelum was deterizined by multiplying the welght of calcium
oxide by 0.,715.

«» The filtrate from the
calclun deterumination contained magnesium. The solution was
acldified with 5 ml, of 111 hydrochlorie acid, The solution
was bolled on the hot plate and concentrated to approximately
150 ml. To this was added 25 nl. of a saturated solution of
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mlerocosmic salt (NaNRJIPO,). The solution was allowed to
cool and ammonium hydroxide was added drop by drop until the
solution was slightly alkaline to litrmus paprer. The solution
was allowed to stand for four hours and then was filtered
through Ho. 9=790, Seimatco, 11 cm. filter paper, and washed
three times with 2 37 solution of ammonium hydroxide,

The filter paper containing the precipitate was put in a
snall preweighed porcelain erucible and ignited at 1200° F,
in the lahboratory furnace for one hour. The ¢rucible was re-
moved fror the furnace, placed in the desiccator, and allowed
to cool for 1/2 hour. After cooling, the crucible was ree
welghed and the difference in the two weights was recorded as
nagnesium pyro-phosphate (MggP207). The welght of magnesium
was deternined by multiplying the weight of magnesiumpyro-
phosphate by 0,219,

A 500 ml. filtered
sanple was evaporated on the hot plate and the silica was roe
moved as outlined in this section under "Determination of
8111ca", To the filtrate from the silica precipitate was ade
ded 20 ml, of a hot solution of barium chloride. The

solution was stirred at intervals and kept warm until the pre~
cipitate settled readily., This required approximately

1/2 hour. The solution was flltered through No. 9=790,
8eimateo, 11 em. filter paper and washed three times with dige
tilled water. The precipitate contained barium sulfate.




62~

The filter paper containing the precipitate was put in a
small preweighed porcelain crucible and ignited at 1200° P,
in the laboratory furnace for one hour, The crucible was row-
moved, placed in the desiceator, and sllowed to cool for
1/2 hour, After cooling, the crucible was reweighed and the
difference in the two weights was recorded as barium sulfate.
The weight of the sulfate was determined by multiplying the
welght of the barium sulfate by O.41lk,

The filtrate from the sule

fate deternination was evaporated on the hot plate to
approximately 29 ml. The besker containing the filtrate was
then placed in the drying oven and evaporated to dryness at
105° ¢, The beaker was then heated barely to redneas by means
of a Fisher burner to remove ammonium salts., Approximately
25 ml, of distilled water was added to the residue, To this
was added 20 ml, of a saturated barium hydroxide solution and
the nixture was heated to bolling on the hot plate. |

After 1/2 hour, the solution was filtered through No.9«790,
Scimateo, 11 em. filter paper and washed threo times with hot
distilled water. Approximately 5 ml. of ammonium hydroxide
and 25 ml, of a saturated solution of ammonium carbonate wers
added to the filtrate, and the nixture was heated on a stean
bath until the ealeiunm and barium carbonates settled, This
usually required approximately 1/2 hour. The mixture was
filtered through Ho. 9=790, Séimatco, 11 en, filter paper, and
washed five times with distilled water.
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The filtrate was evaporatsd on the hot plate to approx-
inately 25 ml. The beaker containing the filtrate was then
placed in the dpying ovon and evaporated to dryness at 105° C.
The beaker was removed from the drying oven and heated barely
to redness by means of a Flsher burner to remove armonium
salts. Approximnately 15 ml. of distilled water was added to
the residue and the mixture was filtered through Ho. 9-790,
Seimateo, llem. filter paper, and then washod threc tines
with distille” water, The filtrate wns collected in a white
porcelain evaporating dish. A few drops of 1:1 hydrochloric
aclid were added to the filtrate and iy was placed in the
drying oven and evaporatced to dryness at 105° C. The
evaporating dish was removed from the drying oven and placed
in the laboratory furnace at 60C° F. and heated barely to
rodness to drive off ammonium'salts. The evaporating dish
was resiove’ fromn the furnace, and allowed to cool in the
deslccator for 1/2 hour. The evavorating dish was then welgh-
ed on the balance. The residue was taken up in 2o few rl. of
distille? wator, filtered throurh Ho, 9=79C, Scimateo, 11 om,
filter vaper and washe! thres tines with distiiled wator.

The evaporating diesh was again drled in the drring oven at
105° ¢. for one hour. The evaporating dish was placed in the
desiccator and allowed to‘cool for 1/2 hour bvefore it was
rewelighed on the balance. The diflerence In the two weights

was rocorded.
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The filter paper containing the precipitate was put
into a small preweighed crucible and ignited at 1200° F. in
the laboratory furnace for one hour. The crucible was re-
moved from the furnace, placed in the desiccator and allow-
ed to cool for 1/2 hour before being weighed on the balance.
The difference in the two weights was recorded. The
welght difference of the crucibles subtracted from the
weight difference of the evaporating dishes, gave the weight
of sodium chloride and potassium chloride. The weight of
the mixed chlorides expressed as sodium was found by multi-

plying the mixed chloride weight by 0.393%.

Preparation of Solutions

Since none of the solutions used in the analytical de-~
termination of water was available, all had to be made by
using distilled water and materials that were available.

Preparation of Standard Soap Solution. Approximately

100 grams of dry white Castile soap were dissolved in one
liter of 80% methanol, and were allowed to stand for four
days. The solution was filtered and 100 ml. of the filt-
rate were added to one liter of 80% methanol. The soap
solution was standardized wi th standard calcium chloride
solution. One ml, of the calcium chloride solution was
equivalent to 0.2 mg. of calcium carbonate. To a shaking
bottle were added 58.3 ml. of distilled water, and soap

solution was added in 0.2 ml. portions. Between each
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addition of soap solution, the bottle was agitated by
shaking for approximately 30 seconds. The soap solution
was adjusted so that 1.0 ml. of soap solution would give

a one-inch lather which would last for at least five
minutes. One mg. calcium carbonate in 58.3 ml. of distill-
ed water is equivalent to one grain per gallon calcium
carbonate. Water samples of 58.3 ml. equivalent to

1, 2, 3, 4, 5, and 6 grains per gallon calcium carbonate
were prepared and soap solution was added as described
above, except 0.5 ml. portions were added until the end
point was approached. The soap solution was adjusted so
that the amount of soap solution required to give a one
inch lather which would last for five minutes would be

one ml. greater than the equivalent calcium carbonate in
the sample. For example, if the sample was equivalent to
3.0 grains per gallon calcium carbonate, the soap solution
was adjusted so that 4.0 ml. would give a one-inch lather
that would last for at least five minutes.

Preparation of Standard Calcium Chloride Solution. To

10 ml. of dilute hydrochloric acid was added 0.2 gram of
pure calcite (calcium carbonate). The solution was evapor-
ated to dryness twice to expel the excees acid. The residue
was dissolved in distilled water and made up to one liter.

One ml. is equivalent to 0.2 mg. of calcium carbonate.

Preparation of Standard Sodium Chloride Solution. One

gram of fused, C. P., sodium chloride was dissolved in one
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1iter of distilled water., One ml. equals 1.0 mg. sodium
chloride.

one liter of distilled water were added 2,922 grams of

Ce. P, sllver nitrate, Ten ml. of standard scdiun chloride
solution were diluted to 58,3 ml. with distilled water

and poured into a porecelain evaporating dish, One ml, of
potassium chromate was added as an indlcatory The salt
solution was titrated with silver nitrate solution, and
the silver nitrate sclution wes adjusted so that 10,3 ml.
were equivalent to 10, mg. sodium chloride in 5€,3 m, of
distilled water, The sllver nitrate solution was checked
with different concentrations of salt solutions. A "blank”

of 0,3 ml. was used in each case.

and five-tenths grams of C. P. potassium chromate were dise
solved in 50 ml, of distilled water. A fow drops of silver
nitrate solution were added to produce a sligh® red pre-
ecipitete. The solution was flltered and the filtrate was
made up to 250 ml. with distilled water.

, o C 20 sulfurte Act
seven and five tenths,of 96,8% sulfuric acid, sp, gr. 1.8,
were diluted to 50C ml, with distilled water.

245 liters of distilled water were added 1,37 ml, of 96,8%
sulfuric acid, sp. gr. 1.84, The solution was adjusted so
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that vhen titreted with methyl orange as the indicator,
25.0 ml. were equivalent to 25.0 ml. of N/9C asodium care
bonate solution.

Seventy-four hundredths grams of C. P, sodium carbon-
ate was dissolved in one liter of distilled water.

Two hundred and fifty ml. of 37¢ hydrochloric acid, sp.
go. 1.,1878, were diluted with 250 ml. of distilled water.
AdJustment of ilalcometer. Onc and six tenths grams of

sodfunm chloride and 1,6 grams of sodium carbonate were dis-
golved in two liters of distilled water. The exact

Prevargtion of Standard Dissolved

-

dissolved solid contént in grains per gallon was determin-
ed by evaporating a 50 ml, sample in the drying oven, and
welghing the evaporating dish both before and after

avaporation.

The following s the caleulation for run 9 of the
amount of chemicals used for treating 25 gallons of Virginia
Polytechnic Institute raw water to 404 alkalinity. The raw

wvater tested as follows:

I§.8 I§'9 %@b 1%E6
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Calculation for Iime:
Colie x 2 x Co0106 £ Mg x C,019 = 1bs, Ca0/10CC gallons
By substituting,
Colih x 1049 X C.0106 # 146 x 0,019 3 0.,07C7
Using conversion factors as outlined on page 959,
Co0777 x 25/100C X %5346 X 1741 X 143 ® 21,8 grams lime
per 25 gallons for gero per cent treatment,
For 4C per cent alkalinity,
D0 x 21,8 £ 21,0 » 30,2 granms lime for treatment of
BC per cent alkalinity,
(3040 grans lime asctually added to 25 ggllons raw water).
Hon-carbonate hardness x C.C0? = 1bs. NapC03/1000 gallons
By substituting,
1.9 x G.009 8 C.0171
Using conversion factors as outlined on page 595,
Cs01l71 x 25/100C x 453.6 x 17.1 & 3,3 grams soda ash per
25 gallons for gero per cent treatment.
For 4C per cent alkalinity,
CaltG x 3,3 £ 3.3 = 4,6 grams soda ash for treatment of
4LC per cent alkalinity,
(k.5 grams soda ash actually added to 295 gallons raw
water) .
Galoulation for alur:
025 1bs for 1 (L gallons of clear wataor,
0425 x 45346 x 25/10C0 ® 2,9 grans alum for 25 gallons
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of clear raw water.
(3.0 grams alw: actually added to 29 gallons raw water.)

investigation, the term “raw water" referred to the water be-
fore treatment with lime and soda ash. "Treated water"
referred to the wster which had been treated with lime and
soda ash, and was used as feed water for the similated boiler.
"Boiler water" referred to the water in the flask after
carry-over due to foanming had been observed,

The following tsbles and fipure give the observed data
and the results caleculated during the course of this investi-

gation.

Table VII, pege 71, shows the comparison detween Virginia
Polytechnic Institute and Rew Rivoer, "raw waters®”, treated
waters, and "boiler waters". The amount of lime and soda ash
needed for treatment was calculated from the raw water
analyses. The degree of treatment is shown in the treated
water anslyses by the per cent alkalinity. The boiler water
analyses show the composition of the boiler waters at thelr
foaming points.



org. Table VIII, page 72, simplifies
the interpretation of the analyses of the Virginia
Polytechnic Institute and the New River, raw waters, treated
wvaters and boiler waters, as shown in Table VII, page 71, by
separating the hardness into carbonate and nonecarbonate
hardness, and by separating the total alkalinity (M) into
caustic alkalinity, hicarbonates, and carbonates, The re-
duetion of the hardness after t{reatment and the relationship
between the cardbonates and caustic alkalinity of the treated
and boller waters show the suitabllity of the treated =nd
boiler waters for bollor use.

shows the conparison between the nineral analyses of the
Virginia Polytechnic Institute and the New River, raw waters
and treated waters.

Figure 7, page 74, shows graphically the variation of the
dissolved soliis concentraetions of the boiler waters at their
foaning points with change in per cent alkalinity, of the
Virginia Polytechnic Institute boiler water, and of the

New River boiler water, taken from Table VII, page 71.



Analysis Of Virginla Polytechnic Institute and New River, Raw’Waters, ‘Treated Waters, and Boiler Waters.,
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Table VII

Run Date Hardness Methyl Phenole Chlorides | Diasolved Per Cent Suspended Feed Water
Number Tested (R) Orange thphalein (NaCl) Solids Alkalinity Solids Evaporated
Alka%ix)lity Allmlhel- |
¥ ity x M-H x 100
2p) DS-H
ins/gallon CaCoO grains/ grains/ grains/
gra & 3 gal, NaCl gallon 2 gallon Iiters
Virginia Polytechnic Institute Raw Water
3 4/16/48 12.4 10.4 0.0 0.4 13.8 0.0 - -
4 4/20/48 12,6 10.6 0.0 0.4 14,1 0.0 - -
2 4/23/48 12,4 10.4 0.0 0.4 13.6 0.0 - -
4/27/48 12,6 10.6 0.0 0.4 - 0.0 - -
7 4/30 ‘8 ‘2.8 ’0.8 o.o 004 - o,o - -
9 5/8/48 12,8 10.9 0.0 0.4 13.8 0.0 - -
" 5/12/48 ‘2.8 1009 0.0 004 1‘00 0.0 - had
12 & 13 5/17/48 12,8 10.9 0.0 0.4 13.8 0.0 - -
Virginia Polytechnic Institute ‘Treated Water
3 - t.s 20? 302 0.4 409 3504 - -
‘ - 2.4 3.8 5.6 004 501 5’09 - -
S - ’01 2.5 2.8 004 704 2204 - -
6 - 1.6 2.3 3.2 0.4 6.6 13.8 - -
7 - 2.0 3.3 308 0.4 6‘2 3'0' - -
9 - ’07 307 4.4 0.4 508 4'.7 - -
11 - 1.2 3.6 3.0 0.4 6.2 48,0 - -
12 & ’3 - 202 302 500 004 5.‘ 31.2 - -
Virginia Polytechnic 1hastitute ‘Boiler Water
3 - 2.2 19.2 24.0 5.2 7205 3’00 309 70‘
4 - 6.‘ 27.6 39.2 4,8 T0.0 33.3 8.3 6.6
5 - 004 30.0 40.0 906 “8.2 25.2 0.9 1‘.6
() - 1.6 20.0 28.8 13.6 160.2 11.6 102,.6 21,8
7 - 0.6 27.2 35,2 6.4 93,8 31,0 - 043 11.8
9 - 3.7 34.4 50.4 6.4 80.2 40.1 1.3 11,1
11 - 0.0 27.8 36,8 2,8 58.4 47.6 1.3 4,7
12 - 5.4 20.8 34,4 4,8 58.8 28,3 27.9 6.8
13 - 6.8 28,8 49,6 11,2 126,6 18,4 152,6 7.9
New River 'Raw Water
15¢16=18+19 5/2748 3.2 2.6 0.0 0.3 3¢9 g:g - -
'9‘20 6/3 48 208 203 0.0 003 oo 0.0 ‘ -
New River Treated Nater
1"‘7“8 - 05 30' ‘.0 0.3 6 a 16. - -
151618 19 - 1.6 2.6 2.8 03 6:2 21 .g - -
’9"‘20 - 5 3.4 4,8 0.3 5.8 26,2 - -
New River ‘Boiler Water
14 - 0.0 81.2 110.4 29.4 349.0 20,2 127.0 42,
15 - 4,9 T74.6 91,2 10,4 263,0 26, 138.0 28.2
16 - 5.2 19.6 26.4 4.8 114,0 13,3 -29.0 17.¢
33 . 3.6 £9.2 37.6 12,8 227,0 11.5 94,0 25.6
| - 1.2 5T7.2 82.4 14,0 403.0 14,0 253.0 40.1
19 - 7.6 48,8 T72.8 14,0 404,0 10.4 190.0 36,6
20 > 1.2 1506 '0‘08 ’000 22100 3308 ‘7000 2502
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Table VIII

ship between Hardness and l‘tlkalinipy of Virginia Polyteclmic Institute
Rolationandpn“ River, ‘Raw Waters, Treated Waters, and Boiler Waters,*

Total Alkalinity
bonate Nonecarbonate Total Caustic Bicarbonates Carbonates

NE:%er g::dngss Hardness Hardness Alkalinity
Virginia Polytechnic Institute'zaw Tater

10.4 2,0 12.4 0.0 10.4 0.0

2 18.6 2.0 12.6 o.o “0.6 000

5 10.4 2,0 12.4 0.0 10.4 0.0

6 10,6 2.0 12,6 0.0 10.6 0.0

7 10.8 2,0 12,8 0.0 10.8 0.0

9 '0.9 ‘.9 12'8 o.o 1009 000

11 10.9 ‘09 ‘208 o'o 1009 000

12-13 10.9 1.9 12,8 0.0 10.9 0.0
Virginia Polytechnic Institute Treated fater

3 1.5 0,0 1.5 2.5 0.0 2,2

4 2.4 0.0 2.4 1. 0.0 2,0

5 1.1 0.0 1.1 0.3 0.0 2,2

6 106 000 1.6 009 Q.O ‘04

7 2,0 0.0 2.0 0.5 0.0 2,8

9 1.7 0.0 1.7 0.7 0.0 3.0

11 1.2 0.0 1.2 0.0 0.6 340

12-13 2.2 0.0 2.2 1.8 0.0 1.4

Virginia Polytechnic Imstitute'Boiler Water

2 2.2 0.0 2,2 4.8 0.0 14,4

4 6.4 0.0 6.4 1.6 0.0 16,0

5 0.4 0.0 0.4 10.0 0.0 2?-0

6 1.6 0.0 1.6 8.8 0.0 11.2

7 0.6 0.0 0.6 8.0 0.0 :g‘f

9 3.7 0.0 3.7 16.0 0.0 188

:; 0.2 0.0 0.0 $.0 0.0 44

50 000 .4 13.6 000 4
13 8.8 010 2:8 33:8 0:0 8.0
New River Raw Water

14-17-18 2.4 0.5 2, 0.0 2.4 0.0

15-16-18-19 2,6 0.6 3.2 0.0 2,6 0.0

- 19=20 . 2.2 0.6 2.8 0.0 2,2 0.0

New River Treated Water

14-.17-18 2.5 0.0 0.9 0.0 2.2

15-16-18-19 1.6 0.0 %:2 0.2 0.0 2.4

- 19=-20 2.5 0.0 2.5 1.4 0.0 2,0

New River ‘Boiler Water

14 0.0 0.0 0.0 29.2 0.0 52.0

15 4,9 0.0 4.9 19.6 0.0 52,0

16 5.2 0.0 5.2 6.8 0.0 12.8

7 3.6 0.0 3.6 8.4 0.0 20.8

18 .2 0.0 1,2 25,2 0.0 32,0

‘9 706 0.0 7.6 2400 000 2408

ao 02 °o° '.2 . 2902 OQO 4604

‘Romlts expreased in greins per gallon calcium carbonate
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Table IX

Run 8ilica Iron and Galoium gneslun | Sodiwm and | Sulfate Chlorides Total Total
Nuaber {810g) Aluninun (ca) Ng) Po 1. datun: (804) (Nac1) Hardness | Dissolved

(Fog05 # (Ba) (CaCO;) | Solids

Alg03) |
Virginia Polybtechnioc Institute ‘Raw’ Wwater
3 0.45 020 4,50 0.76 - 0.78 0,40 12,8 13,80
4 0.66 0.24 4,26 1.43 0.46 D.3a C.40 12,6 14,10
Virginia Polytechnic Institute ‘Treated Water

3 0.08 073 1.03% 0,07 1,96 1.26 0.40 1.5 4,90

4 0. 17 0,69 0.73 0,13 ©.90 1.53 0.40 2.4 5.10

5 O'Qg‘ '. ‘0 0070 3.25 Ou a’ - Q.“Q ‘0 * ?035

6 0.26 009 0,57 0,16 1.02 1,47 0,40 1.6 6.65

7 0.4 1.38 0.53 0.17 9,90 1.64 0,40 2.0 6,18

‘3“) 00“ 9’38 9168 ‘ 906‘ ‘065 0‘46 l2 5‘*9 .

New River Raw Water
14=1T=18 0.64 C.22 0.75 0.13 0.25 1.34 0,20 2.9 4,90
19-20 0.88 0,06 0,66 0,17 - 0.43 0,30 2,3 .00
New River ‘Treated Water

14=-17=18 0,00 0.91 0,94 0,15 0.20 2,08 0430 2.5 6,18

15=tbetim1g Co it 0,76 0,04 0,18 0.30 1.94 0,30 1.6 6,18

19-20 0. 11 0,80 0.09 0,11 .30 2,23 0,30 2.5 5.80

"Results expresmed in grains per gallon
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IV, DISCUSSION OF RESULIS

investigation, the term "raw water" referred to the water
boefore treatment with lime srd soda agh. "Ireated water®
referrod to the water vhich had been treated with lime and
soda ash, and was used as feed water for the simulated boller.
"Boiler water" referred to ihe walcy in the flask after carry-
over due to foaming had been obsarved.
concentration. It was desired to have comnlete visual obsere
vation of all sarts of ths boller including the heating
surfacs, body of the water, surface of the wator, stean space,
and steam outlet. A trial run was made using the apparatus
as shown in Figure 6, nage 4O, excert that a 50C ml, round
bottom flask, containing 250 ml. of water, was used instead of
a 100C ml., round bottom flask. A second trial run was made
using a 1C0C ul, round bottom flask containing 500 nl. of
water because the 25C ml, of boiler wzter was not sufficient
for testing purposes. These two runsg using a round bottom
flask rroved the followlings

1., All parts of the boiling vessel were clearly visible
during the entire course of the run,

2+ The foam layer Increased gradually in thickness with

an increase in the dissolved solids content of the water.
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3¢ A constant level could be maintained in the flask by
means of a constant flow from the separatory funnel,

4, A constant evaroration rate could be maintained by
adjusting the intensity of the flame of the Fisher burner.

5« The "foamlng point”y or instant of earryeover, could
easlly be detected.

Since these were the conditlions desired, it was decided
to use the 100C ml., round bottom flask with the auxillary
equipment, as shown in Figure 6, page 4C, as the sirmlated
boiler for this investigation.

Evayoration Rate. The evaporation rate used was 250 ml.
per 12 minutes, This was equal to 20.5 nml, rer minute, or
0,22 ml, pver minute per sqg. cn. of surface area. This rate
was selected because it was approximately the maximum that
could be obtained by using a Fisher burner, and it also pro=
duced vigorous bolling within the flask.

The condensate was collected in
250 ml, sannles and the phenolphthalein and methyl orange
alkalinity vere determined, This proved to be zero in sll

cases except after the foaming peoint had been reached. This
tasting of the condensate was discontimied after the first fow
runs, but the condensate was still collected in 25C ml,
samples a8 a check on the evaroration rate.

earance of Foam Throu When boiling was
begun, the bubbles formed were large and would burst immedi~

ately uron reaching the surfnce of the waster. The disturbance
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caused by these few but large bubbles caused slugs of water to
be throwvn upward and against the sides of the flask. However,
after boiling for approximately three hours, the bubbles would
be more numerous, smaller in size, and a foam layer of one
bubble, or approximately 1/8 inch thieck would be formed on the
surface. The bursting of the bubbles did not cause slugs of
water to be thrown upward and against the sides of the flask,
but the boiling was very smooth and the actual level of the
water in the flask was more easily seen then before. The foam
layer gradually increased in thickness with continued boiling
until the steam space was entirely filled with foam, and foam
was carried over to the condenser. The amount of feed water
used before the foaming point was reached varied in the dif-
ferent runs from less than five liters in run 11, to forty-two
liters in run 1k,

Relationship between Virginia Polytechnic Institute and

New River Boiler Water at their Foaming Points. Figure 7,

page 74, shows the effect of treatment variation on the
foaming concentrations of Virginia Polytechnic Institute and
New River boiler water. The range of per cent alkalinity of
primary interest was between 1C% and 35%, since this is the
degree of treatment that is mostly used for railroad loco=-
motive boilers. In the case of the Virginia Polytechnie
Institute water, two runs were made beyond this limit for the

purpose of noting the effect of a large excess of treatment.
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The data for the curves shown in Figure 7, page 74, were
taken from Table VII, vage 71. The scattering of the results
on the curve representing the Virginia Polytechnic Institute
water indicates that the accuracy of the method used for the
determinations was not sufficient or that the foaming concen-
tration varies over a range of dissolved solids at any per
cent alkalinity. Only one duplicate run was made with
Virginia Polytechnic Institute water. Runs 3 and 7 foamed at
dissolved solids concentrations of 72.5 and 93.5 grains per
gallon, respectively, with treatment of 31% alkalinity. How-
ever this difference of 21.3 grains per gallon was not cone
cluded to be the true range because the points representing
run 5, at 25,2% alkalinity and 118.2 grains per gallon, and
run 12, at 28.3% alkalinity and 58.2 grains per gallon, did
not correspond to that range limit. Therefore, the actual
curve as drawn represents only the average of the values that
might have been obtained if duplicate runs had been made.

The range limits of concentration of the New River boiler
water at the same ner cent alkalinity were not determined as
no duplicate runs were made. Therefore, the actual curve as
drawn for the New River boiler water represents only the
average of the wvalues that might have been obtained if dupli-
cate runs had been made.

At the same per cent alkalinity, the dissolved solids
concentration at the foaming point was greater for the New

River boiler water. This was probably due to the fact that
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the amount of sodium in the feed water of runs using New River
water was considerably less than in the feed water of runs
using Virginia Polytechnic Institute water, as shown in Table
IX, page 73. Foulk (11) stated that sodium salts apparently
were the only definite chemical substances to which foaming
and priming were generally attributed.

The foaming concentration of dissolved solids of New
River water was found to decrease more rapidly with an
increase in per cent alkalinity. From a per cent alkalinity
of 15 to 35, the New River boller water dissolved solids con-
centration at the foaming point dropped from aporoximately
370 to 215, or a decrease of 155 grains per gallon. Over this
same range of per cent alkalinity, the Virginia Polytechnic
Institute water dropped from approximately 150 to 75, or a

decrease of 75 grains per gallon.

Inconsistent Results of New River Boiler Water. 1In the

range between 10% and 15% alkalinity, four runs were made with
New River water. Run 16, corresponding to dissolved solids of
114 and per cent alkalinity of 13.3, and run 17, corresponding
to dissolved solids of 227 and per cent alkalinity of 11.5,
were both far below the dissolved solids content that was ex-
pected at the foaming point. It was noted in those particular
runs, 16 and 17, that the foam height did not gradually in-
crease with concentration as in other runs, but that almost
immediately the foam layer increased from only a slight layer

to a height that was sufficient for carry-over. It was
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believed that due to the low excess of treatment of the water,.
the hardness had not been vrecipitating as new feed water was
introduced. At the point just before carry-over occurred,

some condition of the water caused the chemical reaction be-
tween sodium carbonate and the calcium salts, and the majority
of the hardness was precipitated as calcium carbonate. During
this chemical reaction, carbon dioxide was liberated and 1t is
believed that the expelling of this excess carbon dioxide
caused the foam height to increase to the point that it was
carried over through the steam outlet. After allowing the
water to subside, the water was reheated and again it foamed
sufficiently to cause carry-over. Under normal conditions,
the hardness is precipitated gradually and the small amount
of carbon dioxide evolved does not duly effect the foam
height. However, since the results were found as true
results, New River boiler water that is treated between 10%
and 15% alkalinity would be apt to foam at any dissolved
solids concentration between 114 and 404 grains per gallon.

Recommended Treatment for Boller Feed Water. New River

water would be the most suitable water for use as a boiler

feed water because of the greater concentration of salts that
could safely be allowed to accumulate in the boiler without
danger of carry-over due to foaming. The best degree of treat-
ment would be between 15% and 20% alkalinity. Between 10% and
15% alkalinity, the boiler water would be apt to foam at a low

concentration due to the inconsisent rate of removing the
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hardness. Above 20% alkalinity the concentration of salts

that could safely be allowed to accumulate in the boiler with-
out danger of carry-over due to foaming is reduced approxi=-
mately 4O grains per gallon for each 5% increase in alkalinity.

Comparison of Results with Previous Investigations. The
(20)

results found by Foulk and Miller are shown in Table III,
page 15. They measured the foam height vroduced by blowing
air through a column of sodium salt solutions (Figure 1, page
12). They claim the sodium sulfocyanate solution was
positively adsorbed, and the sodium sulfate and sodium chloride
were negatively adsorbed. Since all of the salts commonly
found in boiler waters are negatively adsorbed, it was assumed
that the salts in the boiler waters of this investigation were
negatively adsorbed.

Foulk and Miller found that the height of the foam layer
increased with increased concentration of sodium salt in solu-
tion, and that an increase of sodium salt in solution above
O.+ molar, had 1little effect on the foam height produced.

In this investigation, the foaming concentration was
measured instead of the foam height. It was found that the
foaming concentration decreased with an increase of per cent
alkalinity, and for Virginia Polytechnic Institute boiler
water, there was only a slight difference between the foaming
concentrations for runs with boiler water treatment above 30%
alkalinity. This was not determined for New River boiler

water as no runs were made with treatment above 33.8%
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alkalinity (Table VII, page 71). The molar concentration of
dissolved solids in the boiler waters varied from approximate-
ly 0.02 molar for 58.4 grains per gallon in run 11, to
approximately C.11 molar for LOL.0 grains per gallon in

rTun 19.

The data of Foulk and Miller were plotted on Figure 3,
page 16. Although the actual values of the results found by
Foullkk and Miller, and the results found in this investigation,
could not be compared, the general pattern of the curves
(Figure 3, page 15, and Figure 7, page 74) showed similar
characteristics,

Thero was no relationship between the foaming concentra-
tions found in this investigation and thcose found by
Poulk and Brill (17), as shown in Table I, page 8, and by
Foulk and Ulmer (22), as shown in Table II, page 10. Both of
those investigations were made with a laboratory sisze water
tube boller, and they experimented with only one salt in
solution at a time., 3imnce the effect on foaming of different
mixtures of salts has never been satisfactorily explained, it
was 1. possible to draw any relationship betwesn the results of
this investigation and the results found by Foulk and Brill,
and Foulk and Ulmer.

The actual

foanl g concentrations found in this investigation should proe-
bably differ for a locomotive boiler due to the difference in
type of boller, pressure, and rate of evaporation, However,
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the relationshi» between the results would probably bs in
agreorent with this lnvestigation.

Effect of Undiseolved &clida on Fosmine Concentratio
So relationchip bhetween tho amownt of undissolved solids and
the amount of diasolved solids at the feoaming concentration,
a8 shown {n Tnhle VII, page 71, wag found in this investi.
mti&n, In most ceses, the runs contairing the grestest
apounts of dissolved solids usually oontained large amounts
of undissolved solidsg, but this was attriduited to the fact
that more feed water was ovaporated in those runa, theroby
inereasing the amount of both dissolved solids and
undissolved sollids.

® _Tra: gt The lime soda-ssh mathod of treate
ment was selocted for usce in this Iinvestigation because this
mothod 1s widely used, especially for treating wvater for ralle
road loconotives and large industrial plants vhere thero is
no condansate return snd a large guantity of feod vater is

usad .

In radlrond treating plants, the usual method of treatment
is to form a slurry of tho chemical and to pump this slurry
directly into the inlet strean of raw water at the top of the
tronting tank, This mixture then falls down the center tube,
or "Downmecomer”, of the tank over a series of baffles to ine
sure proper mixing, This nowly treatod water 1e at the dottom
of the tank and it rises only vhen nore water is treated ,
which forees up the water level in the tank, The draw-off
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pine s usually of the floating type with the ocutlet located

abozt two feet below the surface of the water. The aipe of

the tanis iz 2uch that water will have approximataly 12 hours

in the tank boefore being drawn off and used ae foed watey,
fince the maln purporse of this nwestipation was 1ot a

study of water treatusnt, and since a maximun of only

25 gellons of water wore treated at one iime, the syesten of

addirng the chenleals Mrestly 0 the tank with intermlittant

stispring was usel.

In all ecases of treatuont, the

objoot wus o renove all of the nonwssrbonate (psrianent)
hapdness, reduee tho curbonate (tomporsry) hardness 1o &
minirom, veduce tln dissolved solids te a minlrunm, and to
Imor the csuctioliy less than the enrbonates,

As shown in Tablé VIII, page 72, the troated wator lor
s 12«13 was the only one in which all the sbove conditicns
wore not satisfled. 7The treated water for rune 12 and 13
had oore eaunsticlity than earbonates, snd the eane condltiom
oxisted in the Boiler waters for those mmnsz, This was the
result of using = gxeess of lime for tregtnent of the raw
water. This iype of condition 48 undesired for boiler
waters because opberitilement eracking of boller plates i
uzually the result of excess caustieity in ths feed watey
vhiech aceummlates in the boller watar.
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Poulk (32) stated that wnder the best conditions, some
of the hardness will be left in the watar when using the
limewsoda ash meothod of treatmont. The Virginia Polytechnic
Institute water was reduced in hardnes: from an average of
12,7 grains per gallon to l.7 grains per zallon calecium care
bonate. The lew Rlver water, hownver, was reduced only from
an average of 3,0 grains per gzallon to 2,2 gralns per gallon
calcium carbonate. The final hardrsass in each case 1is
approximately the limit of scfteningz that was oxpected under
the conditions of treatment that were ussd,

As shown 1n Table VIII,
page 72, the Virginia Polyteochnic Institute raw water containe

ed 10.8 grains per gallon of carbenate (temporary) hardness,
and 2,0 grains per gallon of non~carbonate (permenent) hard-
ness, The New River raw water contained 2.+ grains per gallon
of carbonate {(temporary) hardness, and 0.6 grains per gallon
of non-carbonate (permsnent) hardness. The mineral analysis of
the Virginia Polytechnic Institute raw water and the New River
rav water, as shown in Table IX, pege 73, were approximately
the same except the Virginla Polytechnic Institute water cone
tained a greater amount of calcium and magnesium, which
accounted for the greater hardness.

formilas used for the determination of the amounts of lime and
soda ash nee<sd for treatment are outlined on pages 5+ and 55,
If an alkalinity of ten per cent was desired for the treated
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wvater, ten per cent additional lime and ten per cent additionw
al soda ash were added to the raw water. It was found that
the theoretical amount of chemicals did not zalways produce the
desired alkalinity for the treated water. In most cases, the
actual per cent alkalinity was lowor than the amount
theoretically calculated. If the treatment was below 10%
alkalinity, additionsl amounts of lime and soda ash were adde
ed. In only onhe case was the water excessively over~treated
after the {irst addition of chanicals, and in this case
additional raw water was added in order to reduce the degree of
treatmont.

The accuracy of the Naloometer for deternination of dissolved
solids depends upon the kind of dissolved solids that are in
the water. The standard solution preparsd for standardiszing
the Nelcometer was composed ¢of sodium carbonste and sodium
chloride in a ratio of 1 to 1. Since the electricsl conducti-
vity of salt solutlons will differ with different salts, the
accuracy of the Nalcometer was not exact, but was found to be
vithin 2§ of the actual value in the range above 30 grains per
gallon dissolved solids, Below 30 grains per gallon the degree
of accuracy wes decreased because of the difficulty in intere
polating between the graduationsz on the scale, For water conw
taining less than 10 grains per gallon dissolved solids, the
difficulty in interpclation often caused errors up to 40%. 1In
2ll cases of (issolved solids determinations reported in this
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investigation, the values used were those obtained by evapo-
rating a sample to dryness in the drylng oven at 105° C. and
waighing the residue on the balance,

idneral Analvglg. The procedure followsd in this investi-
gation for the minersl annlyeis was the approved methed of the
‘ (&)

American Public Health Assoclation. « The rmetho! of pro-
cedure was‘aasily followe: and the analysis was simnle to
performn. The major diffleulty wans the evaporatlion to dryrcss
of approximately a 2%0 ml. sample of solution in the sodium
detersination. The salts woul:l cerystallise and gnattering
would occur, thus losing a portion of the sample.

Regults of the mineral analysis arc shown in Table 1X,
page 73.

Only two anslyses were made on the Virginia Polytechnice
Institute raw water as the water tosted approximataly the same
in every casc as shown in table VII, page 71.

The silica content of the treates wator was less than the
raw wator beceusc sonme of tho silica is precipitated out by
this nmethod of treatnment and settles to the bottom due to the
coagulant, The amount of iron and aluminum was groater In the
treatod water due to the aluminum in the coagulant and also
becausse the wat r was treated in an iron treating tank that
had bean painte’ with aluminum paint. The amcunt of caleiun
and magnesiun decreased in thoe treated wator due to the nreo-
cipiltation of caleiw: carbonatc and magnesivm hydroxide.

However, in two cases of the lew River treatsed wator, the
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the amount of calcium and magnesium in the treated water was
the same or slightly more than in the corresnonding raw water.
fhis is accounted for by the fact that lime (Ca0) was added
for treatment and maximum softening had not been completed.
The sodium content of the treated water increased over
that of the corresvonding raw water due to the addition of
sodium carbonate. The increase in the sulfate content of the
treated water was due to the sulfate in the coagulant. The
amount of chlorides remained the same as the treatment does
not affect the chloride content of the water. The total hard-
ness and total dissolved solids varied with each individual

water.

Hardness Determination by Soan Method. The determina-

tion of the total hardness of water by the soap method is not
a nrecise test on account of the different relative amounts
of calcium and magnesium found in different waters.(g).
The 1imit of accuracy which was less than 0.3 grains ver gallon,
was within the limits required for this investigation.

If the hardness of the water to be tested was more than
six grains per gallon calcium carbonate, a half sample was
useé and made up to 58.3 ml. with distilled water. After
subtracting the lather factor, the difference in the burette
readings was multiplied by 2 in order to get the total hard-

ness.,
Magnesium Determination by Socap Method. The false end

point, or "Ghost Point", which shows the dividing line between
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the calcium and magnesium was very difficult to determine
unless great care in technique was followed., If the soap
solution was added elther too slow or too fast, the "Ghost
point" did not appear. (ulte often, more than one "Ghost
point" would seem to appear during the hardness determinae-
tion. In this investigation, the "GChost point" was found
only vhen testing Virginia Polytechnic Institute raw water.
It never appeared with Virginia Polytechnig Institute treated
water, or with New River raw or treated water.

Method of Testing for Alkalinity. The alkalinity of
natural waters renresents its content of carbonates, blecarho=
nates and hydroxides, The mothod of determination used in
this investiration was the approved method of the Anmerican
Public Health Association (2),

The vhenolphthalelin end rolnt was easily scen when the
color changed from pink to colorless. However, the methyl
orange end noint was harder to distinguish, especielly in
the case of Naw River raw water vhich in every cacse head a

muddy anpearance,.



The following reccmmendations are made for future work
on this subjects

1. The effect of 2 mixture of salts on the foaming cone
centration of boller water should be dztermined. TFoulk and
Brill a7 and Foulk and Ulmer (22) found foaming values of
Individuval salt solutions, but no data is avallable on solue
tions contalning a2 mixture of salts.

2. The effect of increased pressura cn the foaming
coreentration should be determined, Foulk a»n stated that
high pressure bollers sre less likely to foam then low presse
ure cnes., Howevor, the Americon Boller Manufacturers Assocliae
tion (33), based on experience, has decreased the permisesible
concentration of dlegsolved sollds with inereased nressure,

3+ The relationshlp between surface tension and foardng
concentration should be determ’ned. ¥Foulk and lMller (20)
fovnd that the surface tension of salt solutions, most common
in boiler waters, increased with concentration. Jacoby and
Thomoson (20) gtated that, "although foaming is usvally essoce
iated with a lowering of surface tension, foaning is not
actually dependent unon surface tension¥, |

4+ If on aceurate and ouick determination of dissolved

s0lids is desired on water containing less than 30 grains
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per gallon, & Nalocometer with a range of from O to 50 grains
per gallon dissoclved solids should be used.

Y« The same apparatus as used in this investigation for
the determination of the foaming point should bhe used Ly
future investigators on foaming of boller waters so as the
results may be compared.

é. Duplicate or triplicate runs should be made for each
condition of feed water in order to have a positive check of
the results,

Fdnltations

The experimentsal part of this investigation was conducted
under the following limiting conditions.

l, The foaning concentrations were determined for only
two waters, Virginia Polytechnie Institute water and New River
water,

2. A laboratory boller was similated by using only a
1000 ml., round bottom flask,

3. The range limit of per cent alkalinity of the boiler
water was from 10 to 35%, because treatment of industrial
boiler waters 1s usually maintained within these limits,

4, Fach run was made at atmospheric pressure -- 760 mm,

of mercury.



‘92‘

5, The accuracy of the method used for determination of
the foaming concentration was not checked by duplicate runs,

6, No anti-foan agents were used te reduce the foaming
tendencies.

7+ The surface tension of the boller water was not
measured .

8. The mineral analysis of the boller water was not de-
termined.

9« The evaporation rate for each run was maintained at

2048 m1./min.



V., CONMCLYSICHS

On the basis of the results obtained in this investiga-
tion, the followlng conclusions weore made:

1. At atmosrheric nressure and at a constant evarorae
tion rate of 20,8 ml,/min., Virginia Polytechnic Institute
boiler water with treatments from 11.6 to 47.6 rer cent
alkalinity foamed at dissolved solids concentrations from
160.,2 to 58N grains per gallon, respectively.

2. At atmospheric pressure and st a constant ovaroraw
tion rate of 20.8 ml./min., New River boilar water with
treatmonts Prom 20.2 to 33,8 per cent alkalinity foaned at
dissolved solids concentraztions from 349.0 to 170.0 grains
per gzllon, resnectively.

3. Above 15 por cent alkelinity, the dissolved sollds
at the feanlng rvoint of the New River boileyr wators were
greater then the dissolved sollds at the foaming point of the
Virginis Polytechniec Institute boiler waters by an average of
20C grains ner gallon.

L, On the basis of the literature, the disesolved sclids
at the foaming point of the New River boiler waters were
greator than the dissolved solids at the feaning point of the
Virginia Polytechnic Institute boiler waters by an average of
20C grains p»er gallon due to the smaller amount of sodium

galts in the New River water.



VIi. OSUMMARY

The purpose of this investigation was to determine the
effect of various degrees of lime and soda ash treatment on
the foaming characteristics of Virginia Polytechnie
Institute boller water and New River boiler water, at atmose
pheric pressure and at a constant evaporation rate.

The range of treatment was between 103 and 35¢ alkalini-
ty because feed waters for railroad locomotives are usually
maintained between these limits, A 1000 ml., round bottom
flask was used to simulate the boiler used for the determina-
tion of the foaming point concentration. A constant volume of
500 ml., of water was maintained in the flask throughout each
determination. Atmospheric pressure was used throughout and a
constant evaporation rate of 20,8 ml./min. was maintained,

Before treatment, the Virginia Polytechnic Institute
wvater contained 10,8 grains per gallon of carbonate (temporary)
hardness and 2.0 grains per gallon of non~carbonate
(peruanent) hardness. The New River water contained 2,4+ grains
per gallon of carbonate hardness and 0.6 grains per gallon of
non~carbonate hardness. Treatment removed all of the none
carbonate hardness and reduced the carbonate hardness to an
average of less than 2.0 grains per gallon in terms of calcium

carbonate.
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On the basis of the results obtalned in this investigae
tion, the followlng concluslons wers mades

1. At atmosrpherilce pressure and at a constant evarora-
tion rate of 20,8 ml,/min,, Virginia Polytechnle Tnstitute
boiler water with treatments from 11.6 to 47,6 per cent
alkalinity foamed at dissolved solids conecentrations fronm
160.2 to 584 grains per gallon, resrectivaely.

2. At atmospherlc nressure and at a constant ovarora-
tion rate of 20.6 ml,./min., New River boller wator with
treatments from 20,2 to 33,8 ner cent rlkalinlty fosmed at
dissolved solids conecentrations from 340.0 to 170,0 cra‘ns
per gallon, resnectively.

3. 4bove 15 per cent alkalinlty, the dissolved solids
at the foaming point of the New River b-iler waters wore
greater than the dissolved solids at the foanming point of the
Virginia rolytechnie Instiitute boiler weaters by an average of
20C grains ver gallon.

L, On the baslis of the literature, the dlssclved solids
at the foaning point of the New Alver beller waters W7ere
greater than the dissolved sollds at the foaming noint of the
Virginia Polytechric Insgtitute boiler wotors by an average of
200 gralns per gallon due to the snaller azmount of sodium

s8alts in the New River water.



1.

2,

3.

b,

5e

7

8.

~06.-

VII. BIBLIOGRAPHY

Adams, N. K. "Physics and Chemistry of Surfaces”.
Oxford University Press. p. 146, (1938); Cassel, Hang M.
Physical Aspects of Foaming in S8team Generation., J. of
Applied Physics. 15, 792-798, (1uk).

Anon. "Standard Methods for the Examination of Water
and Sewage". p. 31-34%, American Public Health Asso~-
clation, New York. 1933, 7th ed.

ibid. p. h2<lh,

ibid. p. 65-70,

Anon, Water Service Committee Report. Am. Rwy. Engr.
Association. (1929); Foulk, C. W. and Hansley, V. L.
Solid Matter in Boiler Water Foaming. I. Experiments

at Atmospheric Pressure. Ind. Engr. Chem. 24, 277-81,

(1932).
Anon. Mechanics of Foaming and Carry-over in Locomotive
Boilers. A. R. E. A. Bull. ¥41. p. 58-60, (1943).
Badger, W. L. and McCabe, W. L. "Elements of Chemical
Engineering™. p. 593. McGraw~H1ll Book Co. Inc.,
New York. 1936, 2nd ed,
Bancroft, W. D. "General Theory of Applied Colloid
Chemistry”. p. 268, McGraw-Hill Book Co. Inc.,
New York. 1921.



9

10,
11,

12,
13,

ik,

1%,

16.

17

18,

19.

-0l -

Cassel, Hans M. Physieal Aspects of Foaming in Steam
Generation, J. of Applied Physies. 1%, 792-798, (19:h),
Foulk, C. W. "Geologica)l Survey of Chio". p. 11k,
Kelly-Springfield Printing Co., Springfield, Ohlo. 1925,
idvia, p, 116,
ibid. p. 123-129,

Poaming of Boller Water, Ind. Tngr. Chem.

16, 1121~5, (1924),

F4lm Formation: A Theory of Liquid Formae

tion. Ind, Pngr. Chem. 21, 81517, (192§).

Suspended Solids in the FYoaming and Priming
of Boiler Waters, Rerrinted from J. of the Am, Watey

Works Association, Anril (1936), by the National
Aluminate Corn., Chiecago, Illinols.

Suspended Solids in the Poaming and Priming
of Boller Waters, Hech, Tngr. 58, 3724, (1936),

——— weewew and Brill, H, Csy Solld Matter in Boiler
Water Foaming. III. Effeot of Calcium Carbonste and
Magnesium Hydroxide Precipitated Inside the Boller. Ind,
Engr. Chem, 27, 14305, (193%).

and Orove, Kermit, TFoaming and Priming of

Boller VWater. Ind Engr, Chem, 25, 8003, (1933).

and Hansley, V, L. Solid Matter in Boiler

Water Foaming. I. FExperiments at Atmospherie Fressure.
Ind. EZngr, Chem. 2k, 277-81, (1932).




e

23,

Do

25,

26,

27,

At

~Foulk, C-W: axd Miller, J., D, Experimental Evidence

in Support of the Balanced Leyer Theory of Liguid Film

mm‘ Ind, Engr, Chenm, n. 12838, (1931). |

wwmmmanmrenwe 804 Rysnsr, Jo We Foaming of Boiler Waters,
Ind, Engre Chems Yhy 728+5, (1939).

wwmommmnmesn a0 Ulmer, Richard, Solid Matter in Boiler
Water Foaming, IV, - Additive Effects of Salts and
Behavior of Celatinous Procipitates. Ind, Engr. Chem,
20y 158460, (1938). |

. and Whirl, 5, F. So0lid Matter in Boiler
Water Foaming. II. Loss of Foam Btabilizing Properties
at Higher Pressures. Ind. Engr, Chem. 26, 2637, (193%),

Gunderson, L, 0., Preventing Foaming in Steam Bollers.
(to Dearborn Chem. Co.) U, 8. 2,366,727, Jan. 9y 1945}
Co Ae 39, 2834, (149,

Hansleys Ve L, Doctor's Dissertation, Dept. of Chemey
Ohlo State Univ. (1928); Foulk, C. ¥, and Miller, J, De
Experimental Evidence in Support of the Balanced Layey
Theory of liquid Film Formation, Inds Engre Chems 23y
12838, (1931)+ |

Hoovery Co P¢ "Water Supply and Treatment™, p. 51,
National Lime Association, Washington, Ds Co 1943,

Jacoby, As L, Polyamide Antifoans, I, J, of Fhysieal
and Collefd Chem., 52, n. &, 693, April (1548},




29

30,

31,

32,

33,

3

35,

»9%

Jecoby, A.L: and Thompscny We Hy Improvement of Steem
Qualitys Paper presanted at the 7th anmpal Watar Cone
ference of the Scoiety of Enginsers of Western Peun. at
Pittaburgh, Pennsylvania, Jan, 6=-8, 1947,

Jospph A, F. and Hanoock, Ja B, The Priming of Saline
‘Watars, J. S0cs Chen. Ind. 4§, 3157, (1927)4 Poulk,

Co Wo and Hansley, Ve Lo Solid Matter in Boiler Water
Foaming, I, Experimentes at Atmospheriec Fressure., Ind,
Bagr. Chem, 2k, 277=81, (1932), |

Koyl, C. Hey Re R Gazs Pty 423, (1902)3 Poulk, C, W,
and Hansley, V. L, Solid Katter in Boller Water Fesme
ing. I, Experiments at Atmospheric Pressurs. Ind, Engrs
Chem. 24, 277-81, (1932).

Naguirey J. J, and Polsky, J. W. Bimplified Plant Cone
trol Test for Boller Water Dissolved Sclidg, Combustione
A2y 35y May (1947).

Mupfordy A, Re A Theory of Carry-over. Combustion. 1R,
39, Peb, (1547).

Rieland, W4 L. Control and Economics of Boller Blowdown,
Combustione 18, 35, Oct, (1944),

Place, P, By Bteam Separation and Purification in Boller
Drums, Combustion, 18, 35«38, July (1946).

wecnnmeneeny Carry-over Problems, Combustion. 19, 29,
Mareh (1947).



~100-

36.. Raleigh, Lord. Chem, News, 52, 1, (1890); Foulk, C. Ws
Foaming of Boiler Water, Ind. Engr, Chem, 1§, 1121-5,
11924) .

37. Schubmann, R, Jr, Flotation Kinetics, I. J. of Phy.
Chem, 46, 891, (19%42),

38, Stabler, Herman, The industrial Applications of Water
Analysis. Engr, News, £Q, 355, (1908); Foulk, C. W,
and Ulmer, Richard, Solid Matter in Boiler Water Foame.
ing. IV, Additive Effects of Salts and Behavior of
Gelatinous Precipitates, Ind. Engr,. Chem. 39; 158-60,
11938).

39, Stromeyer, C. W, Marine Boilers, p. 42, (1893);

Foulk, Co4 We Foaming of Boliler Waters Ind. Engr, Chem,
16, 11215, (1924),

40, Tallock, R Re and Thompson, R, T The Analysis of
Waters, and their Changes in Composition when Employed
in Steam Raising, J. Soc, Chem, Ind, 23, 428, (1904),

41, Webster, Noah, "Webster's New School and Office
Dictionary®, pe 575, The World Publishing Co,, New Yorks
1943,

42, Williams, A, Carry-over in Locomotive Boilers, Am. 5oGs
Mech, Engr, Trans, §Z, n. 3, 197=-211, April (194%5).



w100~

VIII. ACKNOWLEDGEMENTS

The author wishes to express hig sincere appreciation
to Dr. R. A, Fisher for hls helpful suggestions, construct-
ive criticism, and encouragement during the course of the
investigation,

To Mr. J. J, Dwyer, Chief Chemist of the Chesapeake
and Ohio Rallroad, the author 1s indebted for several
pertinent suggestions and advice.

To Mr. Robert Serling for the use of his sutomobile in

collection of New River watcr samples.



	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0075a
	0075b
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105

