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I. IftTRODUCTIOI 

Water treatment tor steam production 1a almoat univer-
aal 1n preaent day industries. The type ot treatment 
varies with the tJpe and qnantity or raw water to be u,ed. 
For boiler teed water pur1t1cat1on, the removal ot the scale 
forming and corrosive constituents is the moat important 
treatment. The lime-soda aah method is widely Wied tor 
locomotive teed water treatment beoause ot its relative 
cheapness, and its ett1c1enoy 1n removing the unde11re4 con-
stituents. 

One ot the d1tt1cult1es encountered in the operation of 
boilers uaing treated water, instead ot raw water, 1a the 
greater tendency to roam. Foaming is a formation ot bubble•, 

or toam, on the surface or the water inside a boiler. Thia 
tou 1147 range in thickneae trom a lqer baNl.7 oOYering the 
aurtaoe, to a mass that tills the entire steam space above 
the water. When this toam layer is ot suoh height that lt 
reaches the steam outlet, 1erious damage may be done when 
th••• particles ot water, which contain a large •oun.t ot 
metallic salts, are carried over with the steam. 

Since toaming is usually associated with a high concen-
tration ot dissolved salts, railroad steam locomotives 
probab.ly have more foaming dittieulty than other industrial 



boilers. One explanation for this is the tact that steam 

condensate is not returned to the boiler and dissolved 
aalt• trom the teed water rapidly concentrate in the boiler 
unless a frequent blowdovn echedule is maintained. Excess 

blowdovn is undea1rable as it causes heat loss due to the 

removal or part or the hot boiler water, 
The majority or the previoua vork on roaming has been 

baled on the foaming conoentrations or single aalt sol'll• 

t10111, and 11 ttle information is available on mixture• of 

aalts in solution or on t conditions or natural waters. 
It seemed desirable to determine roaming concentrations ot 
natural waters that had been properl.7 treated, and to com-
pare the oharacteristioa or each. 

The two types of water studied in this investigation 
vere the "relatively soft" New River water, and the 

"relativel)r hard'' well water used at the Virginia 

Polytechnic Inst1 tute • Both of these watsri are used in in-

dustrial boilers, and have been know to roam it the 

di1aolved salts were allowd to concentrate 1n the boiler. 
The purpose of this investigation vu to determine th• 

etreet or various degrees ot lime and soda ash treatment on 
tho roaming oharacter1st1o• ot Virginia Polytechnic 

Institute boiler water and New River boiler water, at atmo1-
pherio pre1sure and at a constant evapcration rate. 



II. LITBRA.TURE REYIBW 

FPIISRI• l'oulk (lO) 4et1necl foaming a1 simply the 

formation ot toam on the surface ot the water. Thia toam 

might range in thiokrless trom a layer beel.7 covering the 

surface to a mue that tilled the entire ateam space above 
the vatu. 

E£$11D1• Weblter (lt-1) 4et1ned priming in connection 
vi th boilers as conveying water out or the boiler w1 th the 

steam. Foulk and Bymar (21) cave the following reasona 
tor pr1m:fnga 

1. The formation ot a eutticientl.7 thick layer of 
foam on the surface ot the boiler water to reach the steam 
outlet. 

2 • Violent ebUl.11 t1on or other mechanical ag1 tation. 
th.roving slugs of' water aga1nat the ,team outlet. 

3• Lifting ot the boiler i.-atu by the sudden formation 
ot ateam bubbles throughout its mus. 

JA11;Qn: 
IMl7 PRY\adCt 2' lnarn1os .. Stromeyer (39) wrote about 

foaming 1n 1893 • "Information on this subject 1• as 79t 



almost r.wmexistent." Eighteen ,aare later, Stabler (3B) 
evidentl.7 felt that Uttle intormation_had been a44ed1 tOJt 

he began a d1scu.aa1on ot tow ng and priming w1 th the atate-
ment that they "are probablJ' the least undwstoo4 of boile 
phenomena." 

In 1925'1 troulk (11) stated that sodium salts apparent-
ly vve the only det1n1te chemical 111b1tanoe1 to which 

toam1ng and priming were generallJ' attribUted, but he bad 

not been able to tind a record ot 8n1' experiments vhioh 
indicated that sodium aalts a1one were the c8U8e ot the 

trouble. The bellet had unquestionably originat.d trom the 

tact that 1n the great majority ot waters, sodiUJD 1alta wera 
the only- ones that concentrated in the boiler. 

In 1890, Lord Raleigh (36) 1tated that UPon boiling a 
strong salt (laCl) solution, only a slight toam lqer vaa 
torrned on the l\lrtace ot the solution. In 19()1t., Tatlock an4 

Thompson .Clt-0) reported a laboratory boiler whioh oontainecl 
over 30,000 parts per million ot 8041um salts but showed no 
trace of carry-over. Koyl (30), 1n 1900, tad into boiling 
water pure sodium carbonate up to several hundred paina per 
gallon without producing toam. However• 1t just a trace ot 
insoluble powder such ae calcium carbonate wasted into the 

water, it woUld toam vigorously. 
In 1921, Banorott (B) wrote that in order to get a toam 

the only essential was that there be a distinct surtaoe t11a1 



that is, the concentration or the surface lqer should ditter 
trot: the mass or the liquid. All true solutions would 

theretore roam 1r there were a marked change ot surface ten-
•1on w1 th concentration, regardless of' whether the surtace 
tension increased or decreased. 

In l9lt-5', Williama Clt-2) stated that the main objectives ot 
teed water treatment wre to protect the boiler and its 

heating surfaces from scale, corrosion, and embr1ttlement. 
Untortuna.tel.7, 'With the methods ot treatment commonly used, 
the troubles w1 th foaming have 1ncTeaaed. This was clearly 

illustrated by the following statement made in l9't-3 in an 
American Railway Engineering Association (.t.R.E.A.) Bulletiz\6} 

u.A generation or so ago, with little water treatment, the 
major action of 41seolve4 solids was to form scale, and to..,.. 
1ng was not a problem. By proper treatment or water supplie1, 

scale is no longer a problem, but the introduction or 
alkaline sodium compounds has increased the roam-producing 

capacity of the water supplies•" 

?htP.U 

Pllllll Qt '81FtiM and Pfiv'd.!li• In 1921+, Foulk <13> gave 

the causes tor toud ng and priming as being e1 ther phyaical 

or cher.d.cal, or a combination ot both. In 1947, Place (31) 
stated that foaming 1s basically a reeult of chemical con-
di·tions, and boiler water concentration and composition are 



the !Jnportant factor• 1nvol.Wd. 

fhDj,gA,1, Faa\Caa• Poulk (13) listed the physical taotora 
UI 

1. The deaign and operation or the boiler. The moJ"e 

com.plez the interior (tubea, atay bolts• etc.) the more 111cel.y 
it was to roam, 

2. The tmaller the steam space the more likel.J that 

water would be carried ova vith the steam. 
3 • Violet ebul.11 tion might ocour tor a tew seco:nda f'l'Oll 

the eudden nolution of it.am tollo'ld.ng a period ot super• 
heating. A i1m1lar si tuat1on might occur llhen a pleee of' 

aoal.e tall• f'rorn the tube• and hot water come• in contact with 
ftd hot metal. 
the same ettect. 

Rapid opening or the eteam valve m1ght haVe 

High prueure boilers are lass 11nl.y to roam than low 

pressure one•• Hovever. the American Boiler Manutaotur•• 
AasocS.ation (33), baaed on experience, baa decreased the per• 
m1as1ble concentration of dissolved so11de 1n boiler water 
1111th increased pressure. 

Chend.cal SU'bstanc••• According to Paulk (ll), substance• 
that eauaed .foaming voret organic •tter, impur1t1••• 
0117 matter, soap, saline matter, alkalies, and suspende4 
IOlide. 

JJ9J.J.BI• Joseph and Hancock <29) atated that behavior 

1n expel'imental boiler• and commercial boilen showea goo4 



agl'Gement. Foulk and Brill (l7) i-eported that exaot 
ment between laboratory and commercial boilers was not 
always the case. In 1939, Foul.k and Ryznar (21) experiment-
ed w1 th two ,11rrerent types of experimental boilers -- a 
water tube boiler and a. cylindrical boiler. They toun4 that 

up to concentrations of 1+0,000 parts per million sodium 
chloride, the roam height in each case was easentiallJ' the 

same. However, they stated that only a long aeries of 
experiments could determine whether the behavior or the water 
1n experimental and oommercial boilers was the same. 

P.rWM YaJ.u11 2t §AL~ §gly;tipn,. In 193~, Foulk and 

Brill (17) used a water tube experimental boiler to deter-
mine the concentration 'When carry-cTer began or solutions ot 
pure compounds. The final averages or the concentration at 
which various pure salt solutions began to prime are shown 
in Table I, page 8. 

In 1938, Foulk and Ulmer <22 ) used the same boiler as 
Foulk and Brill (17) to determine the concentration at which 

various pure sal ta began to prime. The results or their 
tindings are shown in Table II, page 10. 

§urface Xenaion. According to Jacoby and !hompeon (2B) t 

nWhen a substance dissolves in a liquid, it 1s generally 

found to be adsorbed in the liquid surtace. It its oonee.n-
tration in the surface is grec..ter than 1n the body of the 
liquid, it is said to be positively adsorbed, and the 



Table I 

Prlndng Value• ot PUre Salt Solut1one 

Comenvatlcm ot 
SUb•tao• in Solution D1II01Y84 Solidi When~--PPII 

8o41um Chlor14e a.23,-
Sodium Carbonate 39116 
So41• H1dNZt.4• 31SI. 

Foulk, c. W. and Br1111 H. c. Sol14 Mattu 1n 
Boiler wate.- Poutna, III, Btteot Calo1• 
Carbonate and 1tagnaa1• IJ;ydrox:14• Pnoip1 tatect 
Iu14e the Boiler. Ind. Bnlr• Cha., iZt 

llt-30-J • (193Sl • 



surfaoe tension or the liquid is lowered. If its concentra-
tion in the surface is less than in the body or the liquid, 
it 1r said to be negatively adsorbed and the surtaoe 
tension 1s increased. Ir both cases a film may be formed, 
and both condi tL ns may contribute to film sta.b111 ty. In 

other words, although foaming ii usually associated with a 
lowering or surface tension, .foaming is not actually 
dependent upon surface tension. 

"Dissolved substances exerting a .film-stabilizing 

action are generally conceded to be surface active, vl'i..ich 

means that they tend strongly to concentrate in the surface 
layer and t..1-iereby modify 1 ts properties. The stabilizing 

effect or dissolved substanees 1 ·while not dependent upon sur-
tace tension, is associated mainly with a lovering or 
surtaoe tension since they have no appreciable effect on 
oechanical properties such as surface vieoosity. 11 

ln 1931, Foulk and 1,,:111er (20) experimented ".ri th surface 

tension in respect to roar:: height and per cent film 

formation. Both static and dynamic surface tension were 
measured. Dynamic surface tension meant a measurement made 

on the surface within a small traction or a second after the 

torma tion or extension or the surface. Such measurements 
were made by determining the distance between the nodal 

points on a stroam nowing fro1J an elongated orifice. The 

measurements were mad& withi11 a small fraction or a second 



!able II 

Priming Valuea ot PUre salt Solutiona 

Sodium iluminate 

Sod.la Chlor1cl• 
Sod1um Carbonate 

Sodium Hydroxide 

So41UID lultat• 
Calo1• Chloride 
So41a Phoaphate 

Coneentrat1on of 
Diaaolvecl Solidi 

When Priming Began 
PS-

5'619 
·1t2,a.. 
391f.6 
2988 
2960 

2886 

2566 

Foulk, c. w. and Ulmer Richard. Solid Matter 1n 
Boller Water roaminlt fv. Addi t1ve Btteots of 
Balta.and Behavior or Gelatinous Pr"ipitatea. 
Ind. Engr. Chem., JQ, , 1,s.60. (1938) • 



after the formation of the surtaoe. Static surface ten,ion 
was measured attar there had been time tor the difference 
in concentration between the eurtaoe and the balk of the 
solution to establish 1uelt. 

Ev . est Fil.lg lorma\igp,. The apparatu1 a• shown in 

Figure No. 2, page 13, was used by Foulk and Miller (20) 

tor studying the behavior of two bubbles in contact in a 

solution. It consisted ot a bent tube, A, 05>ening under a 
emall glaas bell, B, so placed that a bu.bble issuing from 
the tube would be caught and held in such a way that a 
second issuing bubble would touch 1 t. The bubble• would U• 

hibit only one of t-wo possible behaviors. on touching each 

other they could either coal.eaoe to form one larger bubble, 
or they would not coaleaoe but wu.ld roll put or flatten 
against each other. Per cent film formation vas the per 

oent or pairs or bubble• that tailed to coalesce under the 
aame conditions. 

The Dy'namic Foam Meter used by Foulk and Miller <20>, as 
ah.own in Figure No. 1, page 12, vaa designed by Hml18J' <2~. 

It was an arrangement for blowing air through a por0\'18 

septum into a column or liquid. The air was filtered 
through cotton wool and passed through eoda lime t,o remove 
carbon dioxide. The upper zone, A, consisted of true toaa 

and the lower mne, B, ot a column of liquid through which 

air babbles rose. The height or the foam zone wat 







proportional to the 1tab1lit7 ot the toam bubblea, or tUm, 
and to the rate at which the foam babbles were moving up 

the tube. 
B7 use or the Dynamic Foam Meter and Bubble Testing 

.lpparatus, Foulk and Miller <20> experimented. with aeveral 
salts, as shown in Table III, page 15', and found thats 

1. The more concentrated the salt solutions 

a. The greater the difference between static 
and dynamic surface te11s1on. 

b. The greater the toam height, 

o. The greater the per cent film formation. 

2 • The ccynaJnic surtace tension or pos1 tivel.1' adsorbed 

aalts vas greater than the static surtace tension. 

3. The ccynaJnic surface ten11on ot negativel.7 adsorbed 

aalta wa• less than the static surface tension. 
4. Solutions containing both pos1 tivel.y and negatin• 

17 adsorbed salts tend to cancel the toam!ng 
tendencies or each other by pro~ucing equall t7 of 

concentration between surface and mass or the 
solution. 

Figure 3, page 16, shows graph1call.y the relat1onabip 

ot molar concentration ver1111 the reciprocal or the toam 

height aa ahovn 1n fable III, page 15. The reciprocal ot 
the f'oam height was uae4 :ln order to produce curv•• that 
were s1milar to thoN found 1n this investigation. 



Table III 

Eftect ot Concentration Upon Difference Between 
Static and D7namic Burtaee 'l'ension, Foam-Zone 

Height, and Percentage Film Formation. 

Surtace Tension 
Foam- Film 

Static Dynamic Ditterenoe Zone Fora-
Molar dyne• 47r»• dJ'.ne• Height t1on 
Cone. per e~ • per cc. per cc • cu. ,; 

Sodium SUltate 
, •••• +-t.Ye1v A.r'fJ!ln?Md\ 

1.g ~•o ~-6 2.3 I z.6 82 o. .7 .It fj 6.s 69 
o.6 73.9 72., .1 53 o.i+ 73., 72. 1.1 ;.J+. il 0.2 73.0 72.3 0.7 3.2 o.c; 72.3 72.2 0.1 1.6 J+. 

So41um Chloride 
(lfe«atively Adsorbed) 

1.0 73 0 72.5 1.3 ;.6 ltll-.u o.s 73.3 72.3 1.9 ;.a. 3; o.6 72.9 72..3 o.6 ;.1 2, 
o,4 12.i 72.2 0.3 ;.1 1i 0.2 72. 72.2 0.2 2.8 o.o, 72.2 72.2 o.o 1.9 1 --

SOdium SUJ.toc7anate 
(Po1itivel7 Adsorbed) 

1.0 71.2 71,6 o.t+ lt.8 28 o.o 71.; 11.i 0.2 3.9 22 o.6 71., 71. 0.3 2.3 17 
o.lt- 71.7 11.s 0,1 1.2 9 
0.2 11.9 72.1 0.2 1.2 2 
o.os 12.3 72.2 ~.l 1.1 0.3 

Foulk, c. w. end Miller, J. I>. Experimental En.denoe 
1n support ot the Balanced Lqer Theory ot L1Cl'l4d. 
Fillll Formation. Ind. En&r, Chem,t ilt . 1283-8, 
(1931). 





IV,bbl• §al>iUatiQQ. In 1933, Poulk and Gro•• <18> 
adYanced the idea that an increase or the stability of the 
bubble•, which in a va-, was similar to the stabilization ot 
emulsions, was preeumabl.7 caueed. by the action ot electric 
double layers surrounding the individual bubbles. In 1938, 
Adams (l) expressed the opinion that the stabilisation ot 
the bubbles might depend on the building up ot insoluble 

crystalline f'ilms such as carbonates, hydroxides, or sul-
tatea, precipitated around the bubbles by the prooe11 of 
evaporation. 

In 1944, Cassel (9) stated that "the question as to why 

the presence of electrolyte in the water under other-wised. 
unchanged conditions enhances the formation and 1tab111za-
tion ot more numerous bttbbles thon occur in leas concentrated 
solutions has not yet been sat1stactor117 ans-wered." 

Dll.mctst L<-vet Th!Nr:t ot Fila Forn1t!9J1. In 1929, 
Foulk (l4} stated that "in solutions, the solute is either 

more or lees concentrated. in the surface layer than 1n the 

interior or the liquid. Nov since d1tf'us1on pressure tends 
to produce and maintain uniformity ot concentration throuah-
out a solution, this dif'rerence 1n concentration between 

the surtaee and the mass or the liquid must result trom a 
movement or a portion or the ditaolved matter against d1r-

tus1on preasure1 that is, work is done b7 the e71tem against 
d1ttus1on pressure, and therefore, it equality ot 



cor..oentra t1on between surface and interior is to be restor-. 
•• wrk must be performed ori the syr-te1~. In other worde, 
sueh a system. w.111 resist a force tending to brine about an 
equ.al1 ty or ccncen:t.ration, or ex,?res.ud 1n simpler tel"Ul.8, 1 t 
will resist a temenc7 to mu: the surtace lqv -.4th the 
rest or the liquid. 

0 It then, tvo surtaeea of a solution are mad~ to 
approach each other under the urge or somo small mechanical 
tOJ"Oe, a resistance -will be set up 'llt.len tl'.~& two surfaces 
become very cloee together because pttshin£ the two surtacee 
together has a tendency to 1.1:J.x then;. It the mechanical 

torce is not too great, a11 equi l.1br1um will be reached. --
the tore• push~ the two surfaces toget.'ler 'Will be balanced 

b,r the pl:r,sioo-ohc-Eical fore•• tending to wntain the wo 
lqers at eac!·i, surface. The net effect is the rormation ot 
a thin :f"Um or liquid w1 th two lqera or unequal concentra-
tion on each aide, or the film can equall7 be pictured ao a 
thNe-lqer system 1n which the two outside lal'ws have the 
..,. oonoentration, but titter trom that or the 1nlide 

la7••" 
In 1931, Foulk and Miller (ao) attempted. to depict the. 

two ouu or surface-bubble tormation as shown ir.1 Figure It-, 
page 19. A, is a solution exhibitinl negat1•• adsorption 

of dissolved matter il1 the surtaoe, and, B• 1• one showing 
positive adsorption. The light hatching around the 





interior or bubble 1, represent•, on an exaggerated aoale, 
the interior thin lqer ot less concentration than that ot 
the mass ot liqUid. At .2., this bubble is represented. as 
having r1aen to the top and having pushed up a Portion ot 
the surface layer, also less concentrated than the bulk ot 
the solution. Betwen theae tvo surface layers is a thin 

layer of the solution of the bulk concentration. The two 

surface layers are pictured at i., u having oea1ecl their ap. 

proach to each other because any further approach would 

result, in effect, in mixing them; that 11, 1 t woUld oause 
uniform concentration ot the three la;yers, the tw surtacea, 
and the interior one ot bulk concentration. This tendency 

to mix is resisted by the physico-chemical force• which 

brought about the differences in concentration, and con-
quent]Jr a film is formed. Exactly the same set of conditions 

1s pictured at B, except that positive adsorption ls exhibit-

ed at l• At i, there are again two surface layers 41tter1ng 
1n concentration from the bulk or the 80lut1on, and between 

them is one ot bulk concentration. 
In 19'+6, Place (31t,) stated that the majority or can;r-

over problems boiled down to control or roaming in the boiler• 

At low ratings and w1 th large diameter drwu, sutticient 

time is allowed tor destruction ot the toam til.lUI and 
liberation of the entrapped steam and foam, and carry-over 

may not become a problem, even w1 th high boiler water 



concentrations, and with considerable toam generated in the 

boiler. At higher ratings and w1 th smaller drwla, the rate 

ot tou generation tends to exoN4 the rate at \ihich the 
roam tUa can be deatr07ed and boUor water concentration 
limits are usually lower. 

Tblsrx at Cvn:,pJV. In lS-.7, Mumto:rd <32) ottered a 
theory for oarry-o'ftr baled on tho idea. that chemicals in 
water from which •team 1s made are concentrat&d in a tilm 

eurroundtng the steam bubble and that operating PN•nr• and 

chemical concentration are related to steam c<mtam1nat1on. 
His belief was that t..he soluble material must reain 
aolwd. 1n the liquid and most likely concentnteiin the tilm 
aurrounding the steam bubble, to a degree dopendent upen the 
eiso ot the bubble and the thickneae or the film. The aurtace 

ten.Dion n••• 'With the oonoentration or d1aaolft4 matter an4 
the t11m strength could be high oven at the high tempera,-

turee aoco~ high pressures. Little actual knowledge 

was available on the sub3ect ot bubble diameter, bUt Mum.torr! 
atated that bubble diameter should deoreue W'ith 1.ncreued 
,r.eaure becau.te the degree or concentration, and, thereton, 
tM 111.1rtace tena1on lnoN&H1 with pressure. Ria theorJ' wu 
that atrong tllma would be tormed around bu.bbl.ff ot 1teu 

and the f'1lm atJ.tOnCth would increase rap1dl7 with increue 1n 
pre•aure nen 1n dilute boiler waters. The foregoing \l0'Ul4 

appear to be cont11'118d by the tact tht.t the A.merloan Boil.er 
Manufacturers As8001ation (33), bUed on experience, 



decreased the permi11ible concentration or dissolved aolida 1n 
boiler watel' with increase 1n pressure a.a shown 1n Table IV, 

page 23. These recommended limits tor solids are not 

necessarily exactly applicable to each individual cue. The,' 

are limits or a general nature -- providing a good starting 
point. 

itttslt Qt YM2-1solyed So:U,41• Foulk {l3} experimented 
on the stabilization or roams by solid matter in solutions 

boiling at atmospheric pressure. At least 100 trials were made 

with various kinds or insoluble powders --- pumice, sul.tur, 
pyrolusite, bone black, galena, boiler scale, precipitated. 
calcium carbonate, and lime stone. When the above substanoea 

were boiled in distilled water, no appreciable foaming waa ob-

served. It solutions of sodium salt• were used instead ot 

distilled water, it was found, "wien preaent 1n sutt1cient con-

centrations" any one or the sodium salts together with any one 
of' the insoluble materials mentioned above produced a white 
foam. Among the solids tried, powdere4 boiler scale and lime-
stone were found to be most effective as roam producers. 

In 1927, Joseph and Hancock (29) recorded. experiments 
with a small laboratory boiler operated at pressure• oTei- 100 

pounds and also experiments w1 th commercial boilers. In all 

cases their evidence shoved that the presence ot finely 41vid• 

ed solid matter had no ettect on the roan:dng and priming of 

the boilers. On the other band, the Water Service CommittN 

or the American Railway- Engineers Association tor 1929 ( ~) 



Table IV. 

Recommended L1mlt ot D1al01"4 
Solid Concentration 1n Boiler Water 

Prean.n Dial01"4 Solid• 
pd, ... PPI 

O • 300 3,00 

301 • It-SO JO<JO 
lt-'1 - 6oO 2,00 

601- 7~ 2000 

7'1 • 900 12,0 
901 -15'00 1000 

11elan41 _ w. L. Control and ~mica ot 
Boiler mowdovn. Combu.etion, Ji, . 3,-, 
(191tit-). 



la.ft data 1n the operation ot certain c~al bolle1 

Vh1oh shoved that the J>N•ence ot eol:141 in the boiler 1.a-

creued the water 1n tho steam due to foaming and priming. 
Poulk (lt+) tound that d1tterent kinda ot solid matter 

etabW184 the toau ot salt solutiona in greatl.y d1tf'erent 
degrees, and some kinds of solid matter lost their toaJlli. 

stabilising properties on prolonged boiling in a salt solu-
tion. 

In 1931t-, Foulk and Wh1rl (23) found that the usual boil• 
er solids, though inltially' poase1aing high tou.atab111.11ng 
p:opertiea, rap1dlf lo1t them at the high temperatures 
(pnaaurea) of steam boilers. Foulk called it "aging of the 

sludge." They said that the cause or this: loss of toam-
etabllising pover is a progrea1ive lessening or the soUcl mat-
ter'• resistance to wetting. It the solid wetted instantly, 

•• in the case or ground nint, the particles aank at once, 
and therefore, did not collect on the bubble £11.ma and 

atab111ze the bubble. This resistance to wetting might have 

been due to traces of oil in the solids or might have been a 

natural property ot the material. The denaity or the solidi 

pla,-ed a minor role in the resistance to wetting. 

to.Amine iD Sill §1Pot1t1sm K 1.mtll:tl.Atota.rm- In 1~2, 
Schuhmann (37) stated that "eeparation of mineral.a by the 

froth-notation process involves two eaaent1al steps, (l) 
chemical preparation or the mineral aurtacea to make the parti-
cle• of one mineral air.adherent While leevtng the retoain1ng 



mineral partiolee water adhtrent, and (2) prod.UOtion ot a 
froth from the water supen.eion of or• particles an4 eepara-
tion ot th1a troth from the 8U8pene1on. Badger and MeCabe(?) 

••W that to obtain a perai•tent troth 1 t ls neoeea817 to 
tnorease the Yisoo•1 t1 of the bubble tillla. SOme agents uN4 

u hotheJit an, orea,11c acid1 pine 011, other sett aJl4 

h8rdvood oils, and special m!xtuna ot alcobola and keton••• 
The agent concentrates the JJd.o.al particle• eo ae to ton an 
interfaoa that is more ruooua than eithir the trothing agent 
or the water or the mixture or the t-wo. It ie the preaec• 
ot the solid matter that eontrlbute1 to the visoos1ty ot the 

1'abble tilma in the both. The material in this paragraph 

wu 1n,erted only tor information, and was not used 1n this 
:ln.Yeatigation. 

lf&aenoe ht ang As11n1, :rb:tsa Uiai bGIPUI hJ.UI 
, __ lPtm1PI• In 1935t Foulk and Brill (l7) tountl ffi-

denoe both tor and against the theory that 81.Ulpended 801141 
inoreaae foaming• Calcium carbonate formed in the boiler by 

the decompoa1t1on ot the 1>1oarb0nate decrea1ed toaming. 
Calc1wn carbonate prec1p1tate4 b1' pumping sod1Ull carbonate in-
to calcium chloride solution 1n the boiler had no ettect on 
tOUling. Calcium carbonate pNC1p1 tated by pmnping calcium 

ehlori4e into aodium carbonate solution in the boiler 1noreaa• 
ed foaming, bat the p.rec1p1tate lo•t this property atte 
lffen.l hou.ra in the hot bollv. 



In 1938, Fotllk and Ulmer <22) found that oalc1• oubol'l-
.ate 1n preeence of I041wn chloride had little etrect on 
toamt.nc I altmd.ma h7droxide, preolpi tated outrd.de the boU., 
inoreued toudnl1 tenio h:y'drox1de, pno:lpitated outside the 
boiler, increased f"oaming; and magnesium h:y'drox14e, precipi-
tated 1n tb.e boiler 1n the preeance or an exo••• ot sodium 
h1drod.4•, reduced foaming. 

Foulk and Ulmer (22) stated that "an 1napect1on ot the 

evidence ottered by Foulk and Ulmer, Joseph and Hancock, 
aoi.,, Peters, Foulk and Whirl, and Foulk and az.111, ehova 
that the ettect ot suepended solids on the foaming ot boiler 
water vaa not elwqa the same. BJ' experimenting with one k1nl 

of 110114 at a time, it vaa found that some ldlld• inoNaMd 

foaming and others had no ettect or actu&llJ' decreased it. It 
wae also ehovn that 1everal kinde or aollds mich at t1rst 
1ncreued toamins, loet that property while in the boller, and 

that the speed ot such loss was create, the higher the 

temperature ot the water. Theae tacts have been trwt both tor 
10lids introduced hem the outa14• and tor solidi preolpitated 
1na1de the boiler•" 

tla?U Qt ADU(QIU-. In 1921+, !Poullt (13) stated that 
"the destruction or roam is du.e to the 4eetruct1on ot the 

atab111a1nc aot1on ot the solid matter ratber tl1an to azr, 
change 1n tho surface tension." fhia theory was supported bJ' 
the stat.ment 1n an American Railway &lg:lneers .A.saoc1at1on 
Bulletin <6> which stated• "that there 1• no nidenoe that the 



action ot antitoam compounds ls bued on surface tension 
changes." 

In 191+4, Cassel (9) reported that toam inhibiting agents 
do not work at the water-steam 1ntertace, supposedly tacill-
tating the coalescence ot bubbles, but at the heating surf'aoea 
and the surface ot euspended particles. "In other wrds, it 
appeared that by properly cond.1 t.toning these interfaces, the 
number ot bubble nuclei could be drastically reduced ao that 
fewer but larger bubbles are formed before coalescence could 

be or s1gnit1canoe." However, Cassel does not give a method 
tor properly conditioning the intertacee. 

According to Jacoby and Thompson <28>, all boiler ant1-
toam materials of greatest value possess at least two 

properties in common - surface activity and substantial in-

solubility' in water. The ettect of soluble surtaoe active 
substances on liquid films showed the mechanism ot the rupture 
of a doublet'aced film as consisting or tbe thinn1ng or this 

film due to a drainage of liquid from it as shown 1n Figure ~, 
page 28. The collapse of a roam bubble oauHCl by this drain-
age and thinning may be accompanied by the sudden formation in 
the adsorption layers ot dehydrated aggregates ot the ~ace 
aot1ve material. This sudden ttcoaguJ.attonn of molecule• and 
formation or dehydrated aggregates, which are unable to N-

d1aper•• themselves on the bubble tllll is termed bJ the phpi-
cal chemist as "syneres1a." This .,-neresia, when the bubble 

film is th1nn1ng, causes the surface active material to take 
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the form or islands or patches on the r11m. The continuity ot 
adsorption layers and homogeneity or the bubble film are thus 

destroyed, high local ditterences in s1u- race tension result, 

and the bubble is broken. It was believed by Jacoby and 

Thompson <28 > that this phenomenon ot syneresis was responsi-

ble tor the foam-destroying action or antitoam materials. 

According to Jacoby (27), the theory or antitoam action 

referred to above suggests that hydrogen bonding promotes 

antitoam action by enhancing the syneretic etreet and creating 

a greater tendency tor the monolayer to reach the •solid or 

brittle" state. 

Ant1toam Compound§. In 1924-, Foulk (l3) stated that 

castor oil was the only known antifoam compound. However, 1n 

19lt4, Williams (4-2) stated that amide types ot antitoama had 

been round to give better results than the castor oil com-
pounds. In 1945', Gunderson <21t> stated that surface-active 
compounds which are good antitoam agents included, (1) com-

pounds containing quaternar7 groups, e.g. tetracetylammonium 

bromideJ (2) di- or trial.kylated amines, (3) ac7l.mono - or 
dialdyl amides; (4) esters with at least two chains ot 10 C&l"• 

bon atoms each, such as dodec7l ester ot lauric acid or 

9-oetadecenyl ester ot oleic acid. · 

;tndustrial P;ul:1f1cation ot :watet 
The purification ot water for steam production (12) con-

sists in removing or destroying the scale forming and 



corrosive constituents. It happens that those impurities 

that destroy soap, or make the water hard, are also the onea 
that cause scale in steam boilers, and therefore the removal 
ot them 1s tho most imPorte.nt kind or 1:>urifioation. These 

impurities are the d1ssolved. calcium and masnesium oomr,ounde, 
and the elimination of.' them trom water 11 called "eottening.tt 

W,mt-§gda Asb Er99flll• All of the carbonate or temporat7 
hardneas constituents and that part ot the permanent hardness 
due to magnesium compounds can be prec1p1 tated trom water by 

means or lime (calcium oxide). The remaining hardness can 
then be precip1 tated by means of soda ash (calcined. eodla 
carbonate) • 

BIIGtJ.P.Dff Jdth Lill• 
Cao + H20 • Ca(OH)2 
B~<>J + Ca(OH)-, - CaC°3 + ffaO ... -
Oa(U::03)2 Ca{OH)2 • 2CaC03 ... 2lfa0 
Mg(S:°3)2 ... Ca(OH)2 - H&C03 + caeo3 M820 -
H&C03 + Ca(OH)2 • Mg(OB)2 ... CaC03 

M&Cl2 ... Ca(OH)2 • Mg(OH)2 ... cae~ 
ltMlciOJW w;l,tl) f!Q.d1 4111• 
CaC12 Na2'J03 : caco3 + 2HaCl 

If tha calcium is combined as sul.tate or n1 trate, aodim 

aultate or so41uxn nitra:te will be lett in the water instead 

of sodium chloride. 



Ga19Plat:1on or Btmdrtd MPW&t At bmiu.l.l• Aooordina 
to Hoo'f"er <26>, the amount or chemicals needed tor treatment 
or boiler teed water are calculated by uae ot the follo\d.ng 
fol'mlllus 

Lime. 
1'rett and halt bound CO2 (ppm) X O.Olo6 .f. total Mg (ppm) 

x 0.019 • lbs. Ca0/1000 gallons. 

Free and half bound CO2 is equal to approximately 

lt1f. per cent of' the methyl orang• alkalinity. 
Sod.a Ash. 

Non-carbonate hardness (ppm) x 0.009 • lbs. :Ha2C03'1000 

gallons. 

A.1.Ulfl. 

1/1+ lb. per 1000 gallons ot clear water. Ir water is not 
clear• additional. alum should be used. The maximum ror very 
muddy water should be 1/2 lb. per 1000 gallons. 

KttlJA41 ot Ane]Dtl• The American Public Health Asso-
ciation <2)(3)(lt) outlined the standard water analyses tor 
testing ot boiler water. These tests are outlined in the Ex• 
per1mental sect1011 of this thesis on page 1+8 • 



III. BXPERIJBlrfAL 

'l'he purpo8e or this 1nveet1gat1on was to determine the 
ettect of various degrees or lime and soda aah treatment on 
the roaming character1stica of V1rg1n1a Polytechnic 
Institute boiler water and New River boile water, at atmoa-
pheric preesure and at a constant evaporation rate. 

Boiler water toaxrJ.ng has long been a 111&Jor problem in 

the production or steam tor railroad locomotives. Not onl7 
11 it costly to remove part of the boiler water b7 blowdown 
at 1nterYals 1n order to keep the concentration ot the d1s-

aolve4 solids below the foaming ccneentration, but 1 t 1• 

still more costly it the roam is allowed to be carried over 
with the steam into the mechanism or the machinery. The 

lJ.ae.,aoda aah method or treatment vu ••leeted because ot 
S. t1 relative cheapness and 1 ta vide use ror treatment of 
water tor railroad 1Dcomot1ves. 



Ds at 1m:a1ilcd19D 

The tollovJ.ng plan of 1nvest1gation vaa tolloved: 

1. A review ot t.he 11 teratun vae made to study pnY1ou1 
wrk that had been done on the study of ft>am:tna, prennt 

knowledge ot caUN1 ot toamsng, and method.a tor the Nd.Uction 
or el1m:l.nat1on of toamtng, 1n boiler watws. 

2. By use ot standard gl.ala laborat.ory eq:u1pment, appu-a-

tua vat aaaembled. to simulate a steam boiler. (Figure 6, 
page 4o.) 

3. The relatively bud Wll watR US-2. at V11'11n1• 
Polytechnic Institute was collected t:rom the tap in the 1a=a-
toJ7, and the relatively eott Now River water vu oolleote4 
trom the Norfolk and Wettern Railroad•• boiler plant at Ra4tord, 
V1rg.1n1a. 

It. The rav water wu teated tor Ml'dn.es1, alkalinity, 

ohlorides, and dissolved solids; and the amount of 11M and 
IOcla uh needed tor the desired treatment vu calculated an4 

ad.de4 to the raw water ln the treating• Indi"fidual treatments 
were made ror per cent alkalini tiea ot approxtmately 10, 1,, 
20, 2~, 30, and 31. 

,; • Twent7•four hours atter treatment, the vater was teat-
"'tor hardness, alkallntty, chlorides, and d11solftd. 8011411 
and the per cent alkalinity• or depee ot treatment, vu 
calculated. The water was alwaye treated to at lea•t 10,C 
alkaliDlty to insure agalnst corrosion, embrittlement, 



cracking, and aoale torming conatituenta. 
6 • The treated water was boiled in the ahmlated eteui 

boiler at atmospheric preasure, oonstant volume ot 100 .m1., 
and at a constant evaporation rate of 20.8 ml./mtn., until the 

foam lqer was 3¾ inches which was sutticien.t height tor the 

foam to be carried out of the tlatlk through the steam out-
let• The process was then stopped and the boiler wat• vu 
allowed to cool to room temperature. 

7. The boiler water was te•ted for hardnesa, alkal1n1t,'1 

chlorides, dissolved solide, and suapended solidsJ and the 
per cent alkal1n1 ty was calculated. 

8. The foaming tendencies or Virginia Polytechnic 

Institute bo1.ler water and New River boiler water were compar-
ed, baaed on the dissolved solids concentration of the bo11-r 
water with respect to the per cent alkalinity. 

9. Mineral anal.79•• of the raw and treated vateN wre 
made f'or the purpose or attempting to correlate the compoa1-
t1on or the water with its foaming tendency. 

10. The results or this investigation were compared with 
results or previous investigations. 
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Materials 

Acid Sulfuric. A. C. S. std., sp. gr. 1.84, assay 

~5-96%, lot No. E-207018. Used for preparation of standard 

solutions for alkalinity determinations. J. T. Baker Co., 

Phillipsburg, New Jersey. 

Acid Nitric. A. C. S. Std., sp. gr. 1.42, assay 7CJ%, 
lot No. 209027. Used in the mineral determination. 

General Chemical Co., New York, New York. 

Acid Hydorchloric. 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 

the 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 Jork, 

New York. 

Alum. Commercial Grade, 17% A12o3• 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. Cr~stals, 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. T. Baker Co., Phillipsburg, New Jersey. 

Calcium Carbonate. Powder, C. P., lot No. 42806. Used 

for preriaration of standard hardness solution. Merck & 60., 

Rahway, Hew Jersey. 

QQ.§_. Pyrofax. Used as fuel for Fisher burner. Natural 

Gas Distributors, Roanoke, Virginia. 

~. 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 preparation of standard soap 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 tnnk. Rust 

0leum 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. 

J. 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. 

J. T. Baker Co., Phillipsburg, New Jersey. 

Sodium Chloride. Crystals, c. P. lot No. 9645. Used 

in preparation of standard dissolved solids solutions. 

J. T. 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 and 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 apparatus for foaming tests of 

boiler water. 

Condenser. Pyrex, 24 inches long. Used to condense 

steam from the flask in the laboratory apparatus for foaming 

tests of boiler water. 
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Nalcometer. Model CMA-4, v. 110 a.c., cycles 25-60, 

serial No. 1894-. Used for the determination of total dis-

solved solids in boiler waters. Manufactured by National 

Aluminate Co., Chicago, Illinois. 

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

No. 1250, Temp. range 35 to 180° c., 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 samples in analytical work. Manufactured by 

William Ainsworth and Sons, Denver, Colorado. 

Furnace. 0 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 apparatus. Manufactured by Fisher Scientific· 

Co., Pittsburg~, 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. Evaporat:tng, porcelain, Coors, 3" diameter. 

Used for evaporation of water samples. 

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 temperature of electric dryine oven. Brothcom, 

New York, New York. 

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

graduations. Used to read tenperature of water samples. 

National Alumlnate Co., Chicago, Illinois. 

Miscellaneous Equipment. Including ring stands, clamps, 

tripods, rubber tubing, rubber stoppers, cork sto,pers, 

tongs, asbestos pads, tones. 

Miscellaneous Glassware. Inclmling water bottle, indi-

cator bottles, graduated cylind~rs, watch glasses, beakers, 

desiccator, volumetric flasks, gallon jugs, funnels, shaking 

bottles, burrettes, adapter, beakers. 



<ca1a:vct1on IP4 AlaemJa\z: of kl&JR1Dt 

!he equipment used in this investigation was divided in-

to three major categories. These were, water treating 
equipment, apparatus used tor foaming testa, and analytical 

equipment. 

'ti.Ats Tt11t1ng kQ1DJIIQ!;. The water treating equipment 

consisted ot a 30 gallon steel drum, Which was ttrst thorough-

17 cleaned and then painted w1 th rust prnenti ve alum:lnum 

paint. The tank was open at the top and a 3./8 1noh water 
line trom the tap was available either tor uae as raw water or 
tor cleaning purposes. A 1/2 inch drain line from the bottom 

or the tank was connected to the floor drain • .A. 2lt- inch 

'WOOden paddle waa used tor agitation. 

ARPVIWI tor FQAJBing Illtl• All of the pieces of' 

apparatus used in the foaming test equipment were obtained 

.from the chemical st.eek room. (Figure 69 page lt-0). .All of 

the apparatus was supported by means or ring •tand• and 
clamps. 

& one-liter, 1"r&X, routld•bottom flask was used as the 
s1m.ulated bo:ller, and was •upported by a clamp at the DMk ot 
the flask. A no. 7, two-hole rubber stopper was inserted 1n 

the top or the flask. A funnel with a 10 inch atem was put 

into one ot the holes in the st.opper. A 1+5'0 bend waa made 



1n the ate, 11nch trom tbe end, Which waa 1ns1de the tlulr:. 

The tunnel wu so placed that the end-· approxitDatel.7 
1/2 inch f'rom the bottom or the tluk. In the aecond hole 

ot the rubber stopper, a piece ot 3 mm. inside diameter soft 
,ius tubing vu 1naete4 so that it extended 1 inch down 

the neck ot the naek. Tw inches above the stopper, the 

gl.Ua tuldng vu bent at 10,0 and then extended 2 inches more. 
fhis served •• the steam outlet and was connected by men.na 
ot a No• 1, one-hole :rubber stopper, to a 2lt- inch Pyrex 

•ter condenser, 'Which vu supported by a ring clamp. 
A 2SO ml. aeparatory tunnel was supported by means or a· 

r1ng clamp jUst above the tunnel that extended down into the 

round bottom tlaak. The end of the stem or the separatory 
twmel ctended-3/8 inch below the rim or the funnel. 

Tap vate vu uaed a, cooling vat.tr in the condenser an4 
rubber tubing va• used tor both the inlet and outlet water. 
The rate or cooling water was approximately 2 liters per 

mimlte. The condensate was collected. in a 400 ml. beaker, 

which was marked at 2~ ml. A Fisher bu.nler was used to heat 
·thtt water 1n the round bottom tlask1 and rubber tubing was 

used tor connecting the gas main to the b'flrner. 

AW!Jyt;t.s;,ai lmJM1$• ill ot the pieces or equipment 
u.i 1n the analytical determinations, with the exception ot 
the Balcometer, were obtained from the chemical stock room. 
Barett.a were supported on ring stand.a and held in place b7 
means ot buette clamps. 



ColllQtign °( WJl1lr 

Both Virginia Pol.yteohnic Institute water and New lliftl' 
water were used 1n the foaming teats. Hence, we aepuate 
llethods of conveying the water to the treating tank had to 
be devised. 

V1,tg;3,J411 ~.itHlbm:S lQltiaM lfJWII• As pren.ou•lJ' ex-
plained 1n this section under "Water TrN.ting Equipment", 
a 3/8 inch water line from the tap wa1 available to the t:op 
of the treating tank. The tank was initially sorubbe4 with 

water and then the tap water was turned on and allowed to 
run freely while the drain 1n the bottom or the treating 
tank vat open. Arter five minutes, the drain valve vu cloa-
ed and the tank was allowed to rill to the desired ltmtl. 

Bmc Nm Nor. Mew Ri'Vff water vas eolleoted from the 

Norfolk and Western na1lroa4•• Stationary Boiler Plant at 
ladtord, Virginia. The pumping atat1on vu located on the 

Hew Rive just oppoaite the city of Radford.. water was pump-

ed. from the Nev River to a large over-head storage tank 

Wh1ch was connected by a pipe line to the boiler plant• The 

ho1e rrom vh1ch the water was collected was connected to 
this line. The hose was nu1hed tor three minutes before U7 

water vu collected. Six nve-1allon glue carbo)'a vere 
thlroughl.y cleaned and rinaed with the water betaf'e they 

wre tilled. They were banaported. to end from Blaeksblt:rg 



automobile. 
The treating tank vas inltially sciubbed w.:t th Virginia 

Polytechnic Institute water and then r1n8ed with approximate-
ly two quarts or New River water before tilling to the 

desired level. 

Raw water, treated water, and boiler water were sampled 

tor testing purPo••• Hence, three eepaate method• of 
sampling were emp107ed. 

Bax Kliff • A one gallon 3UI which had been previousl.7 

cleane4 both inside and out, and rinsed w1 th the water to be 

sampled, was dipped into the treating tank 1.mediately after 

1 t was tilled to the desired l.evel. The jug wae filled one-
thiJ'd tul.l with water from each of the bottom, middle, and 

top portions of the tank. Before samples were taken trom the 

,UC for testing purposes; the jug waa •hakan to insure uni• 

f'orm mu:1.ng. 

TtM.tts\ liilill • A one gallon glass ju, vaa thoroughly 

cleaned and rinsed w1 th the water to be sru1lpled. By means o~ 

a rubber s1pbon1ng tube, the Jua was filled one-third tull 
with water trom each of the top, middle, and bottou Portions 

of the tank. Before samples wr~ taken from the jug tor 

testing purposes, the 3UI vu shaken to intr'fl uniform mix-

ing. 



IA'111: W4'11. Attar the foaming concentration had been 
determined, the boiler water was allowed to cool 1n the 
tlaak. Samples were remo,,ed by means ot pipetw1 and at the 

same time, the nask was awt.i"led 1n order to in8UJ'e um.ton 
m1x1ng. 

Aner the treated water had been teated and tound eatls-
taotorr .f'or boiler me, one gallon was eiphoned from the 
treating tank into a gallon 3U& by means or "1.bber tu.bing. 

Cant vaa taken to keep the end ot the tubing that vu 1n the 
tank about three inches trom the S'llrtace or the water. hN 

vaa also taken so as to disturb the vater 1n the tank as 
little as possible to avoid causing the sludge that had set-
tled on the bottom of the tank to rise and mix with the treat-

ed water. 
A ~O ml. muk was made on the liter round bOttom 

tlaak, I, as sho'lltn in Figure 6, page >+o, and treated wata 
added thrO\l&h the fu:rmel up to this mark. 2SO ml. or treat-
ed water we added 1x> the aoparatory 1'unne1, a\, and the stop 
cock was closed. Cooling water trom the tap waa circulated. 

thl"ough the condenser, £, and a It()() ml. beak&rt J, with a 

2SO ml. mark, was placed so as to collect the oondanaat.. 
A ft sher blamer vu placed 'beneath the tl.aak v1 th the 

top ot the burner 1½ inches tram the bottom ot the tluk. 



!he au•• turned on and the time vas record.Gd when the 
water began to boil. The stop ooek: on the separatory tunnel 

wae opened and tho feed was :regulated so as to keep the 

vater at the tatle level in the flask. When 25'0 ml. had been 

evaporated, as 1nd1ce.ted by the empty sepa:ratory tunnel and 

the condensate level at the 2;0 ml. mark in the beaker, the 

tilae waa recorded, the condensate beaker replaced with a 
11.milar empty beaker, and 25'0 ml. or teed water waa added to 
the separatory f"unnel. The time dit'fe:rence was noted am 

recorded. The 1ntens1 t)' or tJie flame and the rate or tee4 
were adjusted so as to give an evaporation rate or 2;0 ml. 
per 12 mim.ttes. 

The phenolphthalein and metb1'1 orange alkallnit7 teeta 
wre made on a ~.3 Ill. sample of the t:tst1llate. Thia pro• 

cedure vae discontinued after tbe rust few rune because no 
alkal 1n1 t," was found in the condensate until actual carry-
over or roam through the 3 mni. glaaa tubing 'ti!mt serftd as 
the steam outlet was ob""94, 

More feed water vas siphoned from the teed tank and boll-
il'lg w.s continued. Constant evaporation rate wae maintained 

bf checking the level 1n the flask, teed rate, and conden-

sate. The amount or water evaporated before the water in 

the fiask toamed surr101entl7 to till the entire space in the 

tluk above the water w1 th toam, varied t'rom eight to torty 

liter. -- depending upon the degree ot treatment of the 

water. 



Whan the foam reached sufficient height 1n the null: 
to be carried over throurh the steam outlet, the burner was 

removed from beneath the fla!k in ord~ that the water 
would subside. The steam outlet wn.s located 3½ inchea above 

the water level in the nask. Arter 11.pproxiMtel7 lS 
seconds, the burner was replaced beneath the nask am. boil• 

1ng was continued. Ir the water again tonmed surttcientl.7 
that carry-over was observed, the teed water and the gas 
wre both turned off. If the water -did not foam surticient-

17 tor carry-over to be observed, the boiling was continued 
until carry-ever was again observed. 

The boiler water !n the flask was allowed to cool to 
room temperature and was then tested as explained in the 
following section, "Testine of Water" .. 

Raw water, treated water, and boiler water were tested 
in the same manner except i'or slight differences explained 

herein. •file symbols 1n parentheses t'ollowi11G the name ot 
the test are the standard symbols used .for water 
ana2ya1e. <2)<3)<4) 

l.tu:siatll UU. Fitty-eigbt and three tenths ml. ot the 

water to be teated vere measured into an 8-ounce shaking 

bottle. Standard soap solution was added froJ.D a burette in 
small amounts at a time, (prepared as shown on page 61+) 

with v11orous shak111€ after each addition. 



l'.t a false end point or "Ghoat Po1nt11 vas toun4, it wu re-
ool'ded a• thia was the dividing line between the calcium and 

mp11ua •el.ta. the add1t1on ot soap solution was 
continued until a one inch lather was aecured w1ch would 
lut tor at least five minutes. The rrwnbor ot ml. or soap 
aolution, ad.nwa 1.0 mi. as the lathe1~ ta.ctor, gave the tctal 

hardness of the water in graina per gallon in terms ot 
calcium carbonate. The diftcrence between the end point and 

the "Ghost Point" gave the hardness due to magnesium in 
graim per gallon in terms or calcium carbonate. 

PJum.9J.Rl21iU1@1n ,,Ual1p;t ty; (El. Four drops or phenol-

phthalein 1nd1cat.or were added to ;s.3 ml. of tho sainple in 

a white Porcelain evaporating dish. N/~ sul.ruric acid was 
added from a burette until the pink color disappeared. The 

amount o:t standard acid required to change the water from 
pink to colorleas measured the hydroxldee plus one-halt the 

normal carbonate• 1n grains per gallon 1n terms ot calcium 
carbonate., In the case of the two raw waters, the addition 
of' phenolphthalein indicator d.14 not turn the sample pink, 
thus ind1cat1ng only bicarbonates, and no hydroxides or normal 
carbonate• present in the water. For boil.er water, a 1/lt-
aample, or 14.~ ml., was used and the amount or N~ aul• 
turic ao14 requbed vas multiplied. by i.. in order to get the 

phenolphthalein a1ka.11nit:, in graine per gallon 1n terJ!ll of 

oalcium carbonate. 



tJIVldr Arena AlkeJ &Pitz 00 • !he aw sampl• fNl1 the 

phenolphthalein alkal 1m. ty determination was used, and two 

drops of •tb;rl orange indicator..,... added and the eample 
turned yellow. N/SO sulfuric acid was added trom a burette 

until the faintest pink coloration appeared. The methyl 

orange alkalinity, or total alkalinity, 1n grains per gallon 

caloiwn carbonate was equal to the total number or ml. of 

1.f/'50 aultur1o acid added to the sample. For boiler water, 
the total amount or N/50 sulfuric acid reqUired was multi-
plied by I+ in order to got the total alkali.nity in grains per 
gallon in terms of calcium carbonate. The amounts or hydro-

xide, normal cnrbonates, and bicarbonates in the sample were 
determined by means of Table v, page ;i. 

IRcUP Qb3Pd41 (IIA;J.l I one d. or potassium chromate 

indicator waa added to the same sample as used tor the 

alkalinity determination. Standard silver nitrate solution 
vu added trom a bu.rette untU a reddish coloration was de-

tected. The detection or the end point vaa facilitated bl' eom-
pariaon ot the color 1n the pol'Celd.n evapcrating dish with 
that in a similar veaael containing the same quantity ot 1n-
cl1cator 1n ,s.3 ml. or distilled water to which 0.3 ml. ot 
standard aUver n1 tnte solution had been add«l. The total 

number of ml. or standard silver nibate solution used, m1r:ma 

O .3 ml•, •• equal to the amount ot sodium chloride 1n the 

sample 1n grains per gallon sodium chloride. In the case of 

the boiler water, tho total number or ml. uaed, mSnua 0.3 mi., 



ta'bl• y 

Value of R&Uel• BxN-eae.C 
Reaui, of tl\r&Uon• 

la wru ot oai.1ua Canon.a\• 
S,aoa14e Gubona\e lluarboaaw 

P•o 0 0 M 

p"" 1/a • 0 IP II-IP 

P• 1/a • 0 2P 0 

p :> t/a • IP-II 2(11-P) 0 

P•H • () 0 



vu IIUltiplled b1' It 1n ord.er to get the sodium chloride 
content in grains per gallon. 

lU:laaltl4 §oJ,141 (121), The water to be tested waa 
tiltered through a No. 9-790, Soimatco, 11 cm., tilter paper. 
A ;o ml. sample was measuN4 1n a pipette and added. to a pre-
weighed evaporating d1Sh which had been dried tor one hour 
at 1or' c. in the drying ov-en, and cooled in a cleJ1ccatozt. 
The sample was covered with a watch glass and placed 1n the 

dJ71ng oven and ovape>rated. to dr)"rlffe at 10,0 c. The 

evaporating dish was cooled in a desiccator and reveighed. 
The difference in weight multiplied by 1.166 gave the diaaolY• 

ed solid content ot t.110 sat,ple in grains per gallon. 

m.1101m iQUc\1 ax YII 2' l&lAOMSiR .Ct§)• 'the 
lalcometer was used only tor tho determination of' dissolved. 
solida 1n boiler water as it was toun4 to be outside the 
l1m1 t of accuracy below 30 grains per gallon dissolved solids• 
Approximately 50 ml. ot tho sample to be tested vas put into 
the test cylinder provided with the Malcometer, and 2 drop• 
ot phenolphthalein were added to turn the 1ample pink. 
2ll aulruric acid was added drop by drop until there was jut 
the slightest pink coloration left 1n the sample. It too 
mch acid was added, more ot the sample was added in order to 
make the sample barel:1 pink in colo~ • The electrode vu tub-

merged 1n the test cylinder, and the temperature of the 

sample vu determined by mean.a or a 'JOO to 120° P. thermoJne-

ter. The temperature reading vu 1et on the % •oale bJ' 



meana of the coUNe and the tine ad.juatment lmobl. The 

Mah Nlector knob wu turned 1x> the ll acale whioh bu a 
:mar:tmam reading ot 1000 grains per gallon dissolved B011ds1 

and the diasolved solid content was read directl7 trora the 

ll. scale. I:f' the reading on the ll scale was below 15'0, the 

soale selector lolob was turned to the 1 scale which has a 
mu:1mum Nadine ot 15'0 grains per gallon, and the die80lved 
IOlld content was read directly tro.ro the 1 scale. 

The eleobo<lswst be c.ompletel:r sul:lllerged 1n the sample 
when the r•adtnga are taken. The theory of the Nalcometer 

la baaed upon the difference in electrical eonduct1v1t:, ot 
aalt solutions o:t different s~ths. The sample does not 
have to be filtered. first because the aolld particles do not 
atf'eot the electrical oonduct1"1t)' ot the solution. 

§»IR111414 §glidf1 A 50 ml. sample of the water to be 

tested was measured 1n a ,o ml. pipette and added to a pre-

w1ghed evaporating dish which had been dried for one hoUr at 
lOS° c. in the drying oven, and cooled in a desiccator. The 

sample was covered with a watch glass and placed in the 

dr,-1.ng oven and evaporated to d!')'n88s at 105'° C. !he ff&po-

rattng dieh vu cooled in a desiccator and reweighed. The 

ditterance in weigh.ta minus the ditterence 1n wights ot the 
di1solved solid sample, multiplied by 1.166 gave the auapel.14• 

ad solid content or the sample 1n grains per gallon. 

Dllp11cata aampl•• were tested to oheck the accuracy or the re-
sults. 



bi: AID!t A.llslJ WW Iii) • Per cent alkal1n1 ty wu the 
amount ot excess alkalinity in the dissolved solid content ot 
the water. It was calculated by the following :tormula1 

Total Alka.11nity (M) • Bm.-dness (}I) _,.. ........... - ..... ...,, ........ - ............ ,.._ .... ____ .,. ....... .....,. ........ x 100 • Pm- cen.t 
Diuolved Solids (!JS) - Hardness (H) Alkalinity 

(1'!,i} 

In this investigation, per cent elDJ..1n1t7 was used as 
a standard tor measurement or treatment oxcesaes. 

The vatc:,r usod in this investigation was treated only' b7 
the lime-soda ash method of' treatment. Alum was used 1n each 
case as a coagulate. 

tu,,waeni, v.ta T..W. The amount or commercial hydrated 

lime (calcium hydroxlde) used in each batch treatment was 
termined from the following formula; 

P'ree and halt bound CO2 (J)pn) X 0.0106' 
total magnesium (ppm) x 0.019 • lbs. CaO/l.000 gallons. 

The amount or tree and halt bound. carbon dioxl.de was 
aasumed to be 44% of the total. alk:alinit)' (26). 

The reaul.t of the value obtained from the above .formula 

wae multiplied by the following conversion taotors to cha.llp 
from pound.a or Ca0/1000 gallons to grama of C&( OJI) 2/2S gal• 
lona. 
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a. 25 -~-- 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. 

d. 1.43 ro convert from Cao ro Ca(OH)2· 

The calculated amount of lime needed was weighed on the 

balance in a dry evaporating dish and added ro 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~. 

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 

u~on 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 1/4 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 1/4 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 sh0vm on page 67 • 



1 

Ra1IO. Lt.u Boda .t.ah Ala ..... 
gnaa .... grame plloa• 

Yt.Pglnia PolJt.Mmi.e In•Utut.e Raw k\V 

l 21.0 •.oo ,.o 25 

• 26,0 , .5('} ,.o 1'15 

5 ~6 .,:, ,.~, , .. o a5 

6 6.9 1.04 o.}1 10 

7 2~.o 4,.25 ,.o ' , :,o.o ,.50 :,.o gs 

'' 3C\.O 5.15 ,.o 25 
ta-1, aa." J.a5 J.o as 

lfn Rl'NP Raw l'a\OP 

14-17-1tl a.as a.55 ••5 25 
15-16-H.3• 19 ,.as :it .,o "·" 25 

19-80 10.00 ~.50 4,o ~5 
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A mineral aml:;s1a was run on both tho rav and tltoatetl 
watta.- according to "f:t~ L!$thoils o.t !Jater Analyala" (It-). 

All rosul ts \IG'ro dotort.linetl ir; cra.tna per gallon, antl all 

~• w:·o i,m in duplicnto 1n ori:ier to choelt tho~· 

ot th$ results. 
. .:g9!_t~~'!! .... ~Jl_.,!~""'(!!l.Ou • The D~ltt: to be 

,maly:504 ~s f1ltored through no. ':•790, sou.toot 11 s. 
t11 tex~ papor. T~y u.so of a 100 ml. pl;)Otte, 100 ml. ot the 

tilt.::red aar.:rple was addoJ to a 4C-O mi. MGl~r an<l evaporated 

on the oleet:t-ic hot plato. h"lK\n ~'le saz;1ple was .fllm,t to 
~•, 100 n1. mN o:r thos r.ample we added and thie p,ooe-
dUro w.s contimed until ,CO ml.. bad been cvaporater1. Whan 

the ;t'(; ~. vas nearly d.r:lt 1.0 mi. ot ltl hydro-

ohloric acid na addru, and after t:.OittenL."lg the sldo1 ot tho 

beaker 1:1 ord,~ to Nk'lOW't' .aru,r WlttG:- that r~ have clung 

there, the trample was evnporntal to d.r.lne•• J:t vae baked on 
tho eloct.r1o hot plate tor on._ha.lt hO't.\r., The reaittue was 
~tenad '11.l. th d1et111od wai. nnd a tow 4..--ox>O ot 1,1 h:,'dro-

ohlor-lc acid vu add-1. r,rhe eoaple was hated to boSl.l.ng and 
WI N.lteed !'.Io. 9-19Ct Dcitiatco, 11 •• , tilter 
poper. 'rhe tlltor pa~~ was •~1 t:.hroe t.1mee with hot 

t1lle4 vator. 



The filter paper containing the precipitate or silica 

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 turnace 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 dit-

terence in the two weights was reported as silica (S102)• 

Determination or Iron and Aluminum (Fe203). The 

filtrate from the silica determination contained iron, alumi-

num, calcium, and magnesium. The f'il trate was heated on the 

hot plate to boiling and was oxidized with 5.0 ml. o.f 

concentrated n1 trie acid. The sample was concentrated to about 

2; ml, and ammonium hydroxide was added drop by drop until the 

solution was slightly alkaline, as determined by the change ot 
color from red to blue ot 11 tmus paper to which a portion o~ 

a drop or the sample had been added. The sample was boiled 

tor one minute to expel the excess ammonia, and was then filt-

ered through No. 90790, Scimatco, 11 em. tilter paper and 

washed three times w1 th distilled water. 
The precipitate contained iron and aluminum. The tilter 

paper containing the precipitate was placed in a small pre-

weighed crucible and ignited at 1200° F. in the laboratory tur-
nace. The cruc1 ble was removed from the furnace ailer one hour, 

and placed in the desiccator to cool. After l/2 hour the 

crucible was reweighed and the difference in the two weights 

was reported as ferric oxide (Fe203) plus aluminum 



oxide (~o3). 

~to.nrl,n;t-;ton At Cg;,l,s.m (Seil• The rutrate frou the 

iron-almninum determine. tion contained calciura and magnes1wn. 

The filtrate was boiled on tho hot plate and concentrated to 
approximately 100 ml. 'l'o this was added 15 mi. of a con-

centrated solution or ammonium oxalate in 3 llll. pc,rtions at 
a title. Tho solution was stirred at intervals and kept warm 
until the precipitate settled readily and the supernatant 

liquid was clear. This usually required approximately l/2 
hour. The solution was filtered through No. 9-790, Scimatco, 
ll cm. tilter paper an,l the precipitate was washed five 

times with distilled vater. 

The precipitate contained calcium oxalate. The filter 

paper conta.ini."l.g the precipitate was put in a small preweigh• 

ed porcelain crucible and ignited at l200o F. in the 
laboratory furnace for one hour. 11he crucible was removed 

from the furnace, and_allowetl to cool tor l/2 hour 1n the 

desiccator. The crucible was reweighed and the dif'ference 1n 
the two weights was reco1-ded as calcium oxide. The weieht ot 
calciUill was determined b:, :multiplying the weight of calcium 
oxide by 0.71;. 

~:\;g~tion gt l~sium (ms:). The filtrate from the 
calcium determine. tion contained magnesium. The solution wae 
ac1d11"iecl w1 th 5 ml. or l al hydrochloric acid. The solution 
was bolled on the hot plate and concentrated to a.ppro..umately 

1;0 ml. To this was added 2, ml. or a saturated solution ot 



m.1.orocosmic salt (1'~). The solution was al.loved to 
cool and 8!'111?l0ll4.um bydr()xide was added drop by drop until the 

solution was slightly alka.l!ne to llt.ws pa.per. The solution 
was allo,ted to ritand tor fottr hours and then was filtered 

throtteh No. 9-790, SCimateo, ll cm. tilter paper, and washe4 

three times with a 3% solution of ammonium hydroxide. 
The tilter paper containing the precipitate was put in a 

small prow1ghed. porcelain crucible and ignited at 12ocP P. 
1n the laboratoey- turnaoe tor one hour. The crucible was re-

moved from the fu.rnace, plaoed in the desiccator, and allowed 

to cool for 1/2 hour. Arter cooling, the crucible was re• 

weighed and the difference in the two wights was recorded as 
magnesium pyro-pho1phate (M£2P207) • Tho wight o:t magnesium 

was determined by multiplying the weight or magnesiumpyro-

pbo1:phate b7 0 .219 • 

Pt1iit~Sil AC AlaJ(u,a CS<itl • A 5'00 ml. :filtered. 
sampl.e was evaporated on the hot plate and the sWea was re-
moved as outlined in this section under ttncterminatiori of 
Sllicatt. To the f'iltrate t:rom the silica precipitate was ad.• 
ded 20 ml. or a hot solution ot barium chloride. The 

solution was stirred at interval.a and kept warm unt.1.1 the pre-

oipitate sett1ad readily. This required approximately 

l,/2 hour. The solution was filtered through No. 9-790, 
Sc1matco, ll cm. tilter paper and washed three times with 
tilled water. The preo1p1 tate contained barium aultate. 



Tho tilter paper containing the precipitate•• put 1n a 
Aall l)NW1gbed pOl'Oelain crucible and ignited at 1200o ,. 

1n. the laborato17 furnace tor one hour. The crucible was re-

moved, placed in the desiccator, and allowed to cool tor 
1/2 hour. After cooling, the crucible was reweighed am the 

d1tterenoe in the two welght1 was recorded a• barium sultate. 

The weight or the •uJ.tate was determined by' mu1 tipl.ying the 

weight of the barium sultate by o.4lllt-. 

R.t~&pn gt Mm (bl• The filtir-ate trom the sul• 

fate determination was eva!)Orated on the hot plate to 
approximately 2; ml. The beaker containing the filtrate was 
then placed 1n the drying oven and evaporated to drynese at 
105° c. The beaker was then. heated barely to Ntdnee• by means 
of a Fisher burner to remove ammonium aal ts. Approximately 

2; ml. ot distilled water was added to the residue. To this 

was added 20 ml •. of a saturated barium bydroside solution an4 

the mixture was heated to boiling on the hot plate. 
After 1/2 hour, the solution was t1ltered through No.9-790, 

Soimatco, 11 em. tilter paper and washed throo times with hot 
distilled water. Approximately ,: ml. of ammonium hydroxide 

and 2; ml. or a saturated solution of ammonium carbonate were 
added to the f'!ltrate, and the mixture was heated on a steam 

bath until the calcium and barium carbonates settled. This 

U8U8lly required approxima tel.y l/2 hour. The mixture was 

filtered through fio. 9•790, SCimateo, 11 em. filter paper, and 

vaahed five times vith d1st1llod water. 



Th• filtrate_. evaporated on the hot plate to approx-
imately 2; ml. The beaker containing the tilbtate was then 

placed 1n the dl'Ying oven and evo.porated to dryness at 10,0 c. 
The beaker was removed from the drying oven and heated barely 

to redness by m.eans or a Fisher burner to remove an1l!l0llium 

salts. Approximately 15 ml. ot distilled 11ater was added to 

the residue and tho m1xt\.tre was filtered through !Jo. 9•790, 
Scimatco, 11cm. tilter paper, and then washed three times 
with dist111e,.1 water. The filtrate was collected in a white 

porcelain evapora tir.~g dish. A few drops of' 1. l hydrochloric 

acid were added to the f11tra.to and it ws placed in the 

drying oven and evaporated to drynoss at 105° C. The 

evaporating di.sh was reJnOve<\ from the drying ovon and placed 

in the laboratory furnace at 600° F. and heated barely to 
redness to drive off' ammoniu.tn salts. The evaporating dish 

was rm:iOvo · frou. tho t""urnace, and allowed to cool in the 

desiccator for 1/2 hour. The avaporo.t.ing dist: ws then wa:teh-

od on the balnnco. ~rhe residue wns to.ken up in a few ml. or 
distilleJ wntot•, filtarod through Ho. 9-790, Scimatco, 11 en. 

f'il ter paper a.n.d washed th:re 1J tii:1es with distilled wat,·ir. 

The evaporating dish w-as again driad lr:i the drying oven at 

105° c. f'or one hour. Tha evaporating dish was placed in the 

desiccator and allowed to cool for 1/2 hour before it was 

?-eweighed on the balance. The difference in tho two weights 

was recorded. 



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 

weight 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 0.3934. 

Preoaration 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 ,.zi 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 Pesidue 

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 



liter or distilled water. One ml. equals 1.0 mg. sodium 
chloride. 

frt~vaUQn 2( §\1Dd1m §Utl!t Hitnt! §2ln$0.Ql)• To 
one liter or distilled water were added 2.922 grams ot 
c. P. silver nitrate. Ten ml. or standard sod.1um chloride 
solution wre diluted to 5'8 .3 ml. w.1 th distilled water 
and poured into a ~rcelain evapoi-ating dish. One mi. ot 
potassium chromate was added as an indicator I The salt 
solution was titrated with silver nitrate solution, and 
the silver nitrate solution we.s adjusted so that 10.3 ml. 
were equivalent to 10. mg. sodiw.n oh1or1de in 58.3 m. of 
distilled water. The silver nitrate solution was checked 
with different concentrations or salt solutions. A rrblank" 

ot 0.3 ml. was used in each case. 

FJ:tparation g( 1:'2:Wllwn Ql)rogte XBU:ca!Qr. Twelve 
and t1ve-tenths gram, of C • P. pc:,tassium chromate vere dis• 

solved in 50 ml. of distilled water. A fw drops ot silver 

nitrate solution were added to produce a slighf. red pre-

cipitate. The solution was filtered and the filtrate was 
made up to 250 mi. with distilled water. 

Pssmv1t1sm ot .~I! f>ultsttLMld_J~i9iut,on. Twenty-
m1. 

seven and tive tentha"or· 96.a,g sultu~1c acid, sp. gr. l.81t-, 
were diluted to ;oo mi. with distilled water. 

fnwati.sm of N/jQ J?ul:Qn:i9 A91- d §21.YtiQll • To 

2.S liters of distilled water were added 1.37 ml, of" 96.9% 
8Ultur1c acid, sp. gr. 1.84. The solution was adjusted so 



that when titn.ted with methyl orange as the 1n<.11catol', 
21.0 ml. wre equivalent to 2~.o ml. ot N/5'0 sodium car-

bonate solution. 

ti:tRMUttia m: Jl/1Q soa.:um ,Qctm11t1 §2JrUUsm. 
Seventy-tour, hu:tldl'adths grams or c. P. sodium carbon• 

ate was dissolved in one liter of distilled. water. 

f.r@PKAt!sm ot l!l HYslmetwu;:is A9.lsl §olr\\W.2Pr• 
Two hundred and f'itty ml. ot 3~ hydrochloric acid, sp. 

gp. 1.1678, were diluted w:l.th 2;0 ml. of distilled water. 

tttw1t42D At §tAQard 12isl2J.W §£l14 §2:1:i;.t;12n tgr 
MJ:qs;tmen:t ot lftaieometm-. One and six tenths crams 0£ 

sodium chloride and 1.6 gra.Ir'.s or sodiUM carbonate were dis-
solved in two 11 ters of distilled water. The exact 

dissolved solid content 1n grains per gallon was determin-

ed by evaporating a 50 ml. aiunple in the ,~rying oven, and 

weighing the evapoNJ.t1ng dish both betore and after 

evaporation. 

The following is the oal.culation for run 9 or the 

amount of chemicals used for treating 2 5' gallons ot Virginia 

Polytechnic Institute raw water to 40% alkalinity. The raw 
water tested as :follows, 

J.a 



Q.alc3'l.1t~QD t2r !Jal: 
C .ltlt- x M x C .01o6· -I r..g x C .019 • 1 b8 • CaO/lOCO gallons 

By substituting, 

c.44 x 10.9 x c.0106 I 1.46 x 0.019 • 0.0787 
Using conversion factors as outlined on page 5'5, 

c .• c'lf',7 x 2;/1.000 x lt-5'3.6 x 17.1 x 1.43 • 21.8 grams lime 
per 2; gallons t"or zero per cent treatment. 

For l+C per cent alkrtlin1 ty, 

o.4c x 21.8 21.B • 30.2 grams lime tor treatment of 
l+(:, per cent alkalinity. 

(30.0 grams lime actually added to 25' gallons raw water). 

QilP\lletiQD lPt IQd~ &lb• 
Non-carbonate hardness x 0.009 • lbs. Na2C03/l.OOO gallona 

By substituting, 

1.9 X 0.009 a C.0171 
Using conversion factors as outlined on page;;, 

0.0171 x 2$/1000 x 4,3.6 x 17.1 • 3.3 grams· loda ash per 

25' gallons tor ,ero per cent treatment. 
For ~o per cent al~..alinity, 

o.~o x 3.3 ,I 3.3 = 4.6 grams soda ash tor treatment ot 
l+O per cent alkalinity. 

(l+.S grams soda ash actually added to 2S gallons raw 
water). 

ca1cu1at1on tot aJ.Wl' 
0.2, lb. f'or 1•: CG gallons ot clear wator. 

0.25 x ~,3.6 x 25/1000 • 2.9 grams alum for 2~ gallons 



ot clear raw water. 
(3 .o grams alum actually added to 25' gallons raw water • ) 

D.l1a IR!l &!aulll 

Ba Wi:lalra n:eatl!i \if.1illa w ~.:,.s \fdB. In this 
1nves tigation, the term ''raw water" reterred to the water be-

fore treatment with lime and soda ash. "Treated water" 
referred to the water wh.ieh had been treated with lime and 

soda uh, and was used as feed vater for tho simulated boiler. 

"Boiler water" referred to the water in the flask after 
carry-over dUe to foaming had ooen observed., 

The followi.r..g tables and figure give the observed data 

and the results calculated during the course of this inveeti• 

gation. 

w1u11 or Urc,niA PQllte;bDJ.c 1Jl1i1.1a&~1 w 
lia &vs Bu YI1tu:s, Tt:utlsi !iiltfltlt ftAd lilll.c. WURi• 
Table VII, page 71, ,how the comparison between Virginia 
Polytechnic Institute end New Riv(1r, "raw waters", treated 

waters, and •boiler watera". The amount of lime and soda Uh 

needed .for treataent wa.• calculated from the raw water 

analyses. The degree of treatment 1s shown 1n the treated 
water analyses by the per cent alkalinity. The boiler wat-w 

pes ahow the compot1. tion of th..e boiler waters at their 

foaming points. 



Bdl.t1&mlbt; h\atn Uan\Dtl! 11¥1 Alkal~tx at, Ike:lP&I 
f!!2l:tlc1Sbm9 Jnatit)!:fal f1JlS Ne!'l BHm:, llllt YUGla TNated 
NKI, and BQAc: WatSI• Table VIII, page 72, simplitiee 
the interpretation or the anal.ya•• or the Virginia 
Polytechnic Institute and the !few River, raw waters, tnated 
waters and boiler waters, as shown 1n Table VII, page 71, by 

separating the hardness into carbonate and non-carbonate 
hardness, and by separating the total alkal1n1ty (M) into 

caustic alkalinity, bicarbonates, and carbonates. The 

duction or the hardness a.fter treatment and the relationship 
between the carbonates and caustic alkalinity or the treated 

and boiler waters show the sui tab111 ty of the treated r:.nd 

boiler waters for boiler use. 

t·J1mrll APIJ.X&I p.t YJ.:r:1ni1 f!QJ.xt1gM,1,c 1Ai~td.UI IJl.4 
N9w Rim, BAX i'Atffl and 11:U.£.t.<1 WGBI• Table IX, page 73, 
show the compari eon between the mineral analyses of' the 

Virginia Polytechnic Institute and the New River, raw waters 
and treated waters. 

Et(egt Qf' Tre&!Jffl'Hlt Y.m&:tiisOO! 5m frl.lm.1:DC k.9PSUYltrlt+on1 • 
Figure 7, page 14, shows grapldcally the variation or the 

dissolved solids concentr'-\tlons ot the boiler waters at their 
foam.i.ne points with change in per cent alkalin1 ty, or the 
Virginia Polytechnic Institute boiler water, and of the 

New River boiler water, taken trom Table VII 1 page 71. 
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!able VII 

\I ll \I II \\ /f 

Analysis Of Virginia Polytechnic Institute and Hew R1 Yer, Raw Waters, Treated Waters, and Boiler Waters. 

Run Date Hardness llethyl Phenol• Chlorides D1aaolved Per Cent Suspended Feed Water 
Humber Tested (H) Orange thpbaleln (NaCl) Sol1de Alkalinity Solids EYaporated 

Alkalinity Alkalin-
(Jl) itf X 2 K•H x 100 

2Pl Ds-H 

grains/gallon CaC03 grain.a/ &rains/ ,c. grains/ 
gal. NaCl gallon gallon 1:1ters 

Virginia Polytechnic 
4- ,, Inst1tu~e Raw Water 

3 4/16/48 12.4 10.4 0.0 o.4 13.8 o.o - -4 4/20/48 ,2.6 to.6 o.o 0.4 14. 1 o.o - -i 4/23/48 12.4 10.4 o.o o.4 1:,.6 o.o - -
4/27/48 ,2.6 to.6 0.0 o.4 - o.o - -7 4/:,¾48 12.8 10.8 0.0 o.4 - o.o - -9 5/8 48 12.8 10.9 o.o 0.4 11.8 o.o - -

11 5/12/48 12.8 to.9 0.0 0.4 14.0 0.0 - -
12 & 13 5/17/48 12.8 10.9 o.o o.4 13.8 o.o - -

Virginia Pol.Ytechnic 
,, // 

rnatitute !reatea Water 

:, - 1.5 2.7 3.2 o.4 4.9 35.4 - -
4 - 2.4 3 .8 5.6 o.4 5. 1 51 .9 - - -
5 - , • 1 2.5 2.8 o.4 7.4 22.4 - -
6 - t .6 2.:, 3.2 o.4 6.6 13.8 - -
7 - 2.0 3.3 3.8 o.4 6.2 31.1 - -
9 - 1 .7 3.7 4.4 0.4 5.8 41.7 - -11 - 1.2 :,.6 3.0 o.4 6.2 48.0 - • 

12 & 13 - 2.2 3.2 s.o o.4 5.4 31 .2 - -,, ,, 
Virginia Po1-vtechn1c 1n.atltut,e Beiler Water 

:, - 2.2 19.2 24.0 5.2 72.5 31 .o 3.9 7. 1 
4 - 6.4 27.6 39.2 4.8 10.0 ,,., a., 6.6 
5 • o.4 30.0 40.0 9.6 118.2 25.2 0.9 11.6 
6 - 1 .6 20.0 28.8 t:,.6 1,0.2 11.6 102.6 21 .8 
7 - o.6 27.2 35.2 6.4 9:,.8 :,1.0 o.:, U.8 
9 - 3.7 34.4 so.4 6.4 80.2 40. 1 1., 1 1 • 1 

1 1 - 0.0 27.8 36.8 a.a 58.4 47.6 ,., 4.7 
12 - 5.4 20.8 34.4 4.8 58.8 as., 27.9 6.8 
13 - 6.8 28.8 49.6 11.2 ta6.6 ta.4 152.6 7.9 

1\ I{ 

••• R1T•r· Raw wa,er 
14-17 .. 18 5/19/48 2.9 2.4 o.o 0,2 4.9 o.o - -15 •. 1&.-ts..19 5/2¾48 :,.2 2.6 o.o 0,3 3.9 o.o - -• -19•20 6/, 48 a.a 2.a o.o o.:, 6.o o.o . -- --· 

r 
llew R1 ver Tr•, • .: ••"er 

t4-17•t8 - 2.5 :,. 1 4.o o., 6.2 16.:, - -15-1~.,-e..19 - t.6 2., 2.8 o.:, 6.2 21 .8 -
-19;;20- -- - -• 2.5 ,., 4.8 o.:, s.s 26.2 - -

Rew River "Bo11er" later 

14 • o.o 11.1 110.4 29.4 349.0 20.2 127.0 42.0 t5 ·-·· ... , 1i.6 91 .2 10,4 263.0 • 26.t ,,s.o 28.4 ~6 - 5.2 19.6 26.4 4,8 t 14.0 - t:,.J -29.0 17.J 
}i 

.. ,.6 29.2 37.6 12.s • 221.0 11.5 94.0 25.6 -· 1.1 57.1 82.4 14.o - 403.0 14.o 25:,.0 40. 1 
19 ·- 7.6 48.8 72.8 14,0 404.0 • 10.4 ts>o.o 36.6 
20 ··- 1.1 75.6 104.8 10.0 221.0 • :,:,.a 170.0 25.2 



Relat1onah1p between ~dn,aa and ~11n1,!,J ot Vtrg1nia Poly11te0Jn:1io Institute 
and ••• R1Ter, Raw Waters, "treated Waters, and Boiler Waters.* 

Total Alka.lini ty 

Run Carbonate Non-carbonate 'fetal Caustic Bicarbonates 
KW1ber Hardness Hirdn••· Bardneaa Alkalinity 

Virginia Polytechnic Ins ti tut• ''::ta.w'' 1a. ter 

' to.4 2.0 12.4 o.o 10.4 
4 -10.6 a.o ,2.6 o.o 10.6 
5 10.4 2.0 12.4 o.o to.4 
6 10.6 a.o ,2.6 o.o to.6 
7 to.a 2.0 ,a.a o.o to.a 
9 10.9 1.9 12,8 o.o 10.9 11 10.9 1.9 12.8 o.o to.9 12-1, 10.9 1.9 ta.a o.o 10.9 

,, ,. 
V1rg1n1a Pol.ytecbn1c Institute ~tad rater 

:, 1,5 o.o 1.5 o.s o.o 4 2.4 o.o 2.4 1.8 o.o 
5 1. 1 o.o i.1 Q.:, o.o 
6 ,., o.o 1.6 0.9 o.o 
7 2.0 o.o a.o 0.5 o.o 

1l 1.7 o.o 1. 7 0,7 o.o 1 .a o.o 1.2 0.0 o.6 12-1, 2.2 o.o 2.a ,.a o.o 
Virginia Pol.ytecmuc Inat1 tute 'Boiler'' W'a ter 

3 2.2 o.o 2.2 4,8 o.o 
4 6.4 o.o 6,4 '1.6 o.o 
5 o.4 o.o o.4 10.0 o.o 
6 1.6 o.o 1.6 a.a o.o 
7 o.6 o.o Q.6 a.o o.o 
9 3. 7 o.o 3.7 t6.o o.o 

11 o.o o.o o.o ,.o 0.0 
12 5.4 o.o g·4 1'3 .. 6 o.o ,, 6.8 o.o .a 20.a o.o 
- ,, " New River Raw Wat.er 

14-17-18 2.4 0.5 2.9 o.o 2.4 
15-16-fS-19 2.6 o.6 ,.a o.o 2.6 
- ··· 19;.;20 2.2 o.6 2.8 o.o 2.2 

-
II I( Hew River Treated Water 

14 .. 17-18 2.5 o.o 2.5 0.9 o.o 
15•l6-tB-19 1,.6 o.o 1.6 .0.2 o.o - - t9;:.;ao 2.5 o.o 2.5 t .4 o.o .. 

New R1ver'Bo1ler''water 
,4 o.o o.o o.o 29.2 o.o 
l5 4.9 o.o 4.9 t9.6 o.o 16 5.2 o.o s.a 6.8 o.o 
t7 :,.6 o.o :,.6 8.4 o.o 
18 1.1 o.o 1.2 25.2 o.o 
19 T,6 o.o T.6 24.o o.o 
10 ,.a o.o 1.2 _ a9.2 o.o 

~eaulta •xin-•-.•e4 la palaa per &&llon oalciwa carbonate 

Carbonates 

o.o 
o.o 
o.o o.o 
o.o 
o.o o.o 
o.o 

2.2 
2.0 
2.2 
1.4 
2.8 
:,.o 
,.o 
1.4 

14.4 
16,0 ao.o 
11 .2 
19.2 
18.4 ,a.a 
7,2 
s.o 

o.o o.o 
o.o 

2.2 
2.4 
2.0 

52.0 
52.0 
12.8 
20.8 
:,2.0 
24.8 
46.4 
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ta-le IX 

aun 11110& Iron and. Cal.olwa -r.••l• loU•aa& auuat.e Ohlor1deu total total 
BWaber { 810,) ilwa1nua (Qa) Ma) ~'llM&•: (804) (Ba.Cl) Hal'dn••· D11solvecl 

(~•sO:, /. (I-) toaao,> SOl1da 
AliOj) 

v1.rg1n1a Poi,,.o1m.10 Xne\11u1,e~aa•"wa1er 
";; c.45 0.20 4.~o 0.16 - o.?a o.4o ta.a ,,.so .,,, 
4 o.66 o.a4 4.26 t.43 0;415 o.,a o.4o Hl.6 14. to 

Ylrg1n1a Pol.y\eohnio lneU\ut.e "t:Na\e4'' waw 
) o.os o.r, 1.0) 0.01 1. \)fi ,.a, o.4o 1 .5 4.90 
4 0.17 o.69 0.7:, o. 11 o.~ 1.s, o.4o a.4 5.10 
5 o.os 1.10 0.70 0.25 o.a, - o.4o 1. ' 1.,s 
6 0.26 O.OS) 0.57 o. 16 , .oa 1.47 o.•o t .6 6.65 
1 o.14 ,.,a o.s, o. 11 "·'° 1.64 o.4o a.o 6.18 
t 0.26 o.48 o.ss - - ,.,1 o.4o 1.7 s.so 

ta-13 o.44 o.:,a o.68 - 0~44 1.05 o.4o a.2 5.40. 

Bew R1•• ·ttaw"wa,,e.-
14-tT-tS o.64 o.aa 0.75 o. tJ o.as ,., .. 0.20 a.9 4.90 

t5-t6-1s-g, o.4J o. U3 0.95 o.ao o. tJ 0.1a o.)O ,. , }.go 
t9-eo · o.~a 0.06 o.66 0.11 - o.43 o.,o a.a 6.oc 

~ .. 
• ,1 ' 

Mew RiYff tn&\efl 9&\ ... 

14-17-18 o.oo o.S} 1 0.94 o.,, u.ao a.os o.,o 2.5 6.18 ,~-tf-tt-1~ "· t•~ o.76 o.04 0.11 o.:to 1.94 o.:;o 1 .6 6.18 ,, 19..;.ao o.11 o.eo 0.99 o.,, o.jo a.a, o.,o 2.5 s.eo 
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IV. DISCUSSION OF RESULTS 

Rn Wtt§ta 'l'J:S!Ats:0 Watera IDB I22iJ.t2E Wt1ter. In this 
investigation, the term 0 raw vater11 referred to the water 
betore treatment w.i th lime ar..d soda ash. "Treated watertt 

roterrad to the water which had been treated with lime and 
soda ash, and was used as teed water for tho simulated boiler. 
"Boiier water" reterred to the wn. tcr in the f'laslt after carry-
over due to roaming had been obs:etrved. 

ARPKIEll ror ttw P!.'t:~V!1.n&t1op gt: th• FoaaiQc 
"211Qll)tratiQJl. It was desired to havo complete visual obser-
vation of all J)arts or the boiler including the heating 

surraca, body or the water, surface of the water, staan space, 
and steam ouUet. A trial run was made using the apparatus 
as shown in Fizu.re 6, page 40, except that a ;oc f!l.l.. round 

bottom na.sk, co.ntaining 250 ml. or water, was used instead ot 
a 1000 ml. round bottom nask. A second trial run vu made 

using a lCOC- w.. round bottom naak containing 500 ml. ot 
water because the 25C ml. of boller water was not sutt1c1ent 

tor testing purposes. These two rune using a round bottom 

flask proved the follow1ngt 
1. All parts of the boiling vessel were clearly visible 

during the entire course ot the run. 
2 • The foam layer increased gradually in thickness w1 th 

an increase in the dissolved solids content or the water. 



3 • A constant level could be maintained ln the na.sk by 

means of a constant flow from the separatory f't~..nel. 
4 • A constant evaporation rate could be maintained by 

adjusting the intensity or the flame ot the Fisher burner. 
; • The •1 toGJD:l:ng Point", or instant of carry-over, could 

easily be detected. 

Since these were the conditions desired, it ws decided 

to use the lOOC ml. round bottom flask with the auxillary 

equipment, as shown in Figure 6, page 40, a.a the simulated 

boiler tor this investigation. 

i,i'vap91;ation Rfl:ti• The evaporation rate used was 250 ml. 

per 12 minutes. This was equal to 20.6 ml. rer minute, or 

0.22 ml. per minute per sq. cm. ot surtace area. This rate 

was selected because it was approximately the ma.umum that 

could be obtained by using a Fisher burner• and it also pro-

duced vigorous boiling within the flask. 

tflta.Di of Q9D41l}11te. The condensate vas collected in 
2,0 ml. samples and the phenolphthalein and methyl orange 

alkalinity were determined• This proved to be zero in all 

oases except a:f'ter the :toaming point had been reached. This 

testing of the condensate wa.s discontinued after the first tow 
runs, but the condensate was still collected in 2;0 ml. 
samples as a check on the evaporation rate. 

ARRIKNlQI ,ot t'ggm lh&':RYEMYt RWl• When boiling was 
begun, the bubbles formed were large and would burst ittanedi• 

ately upon reaching the surface of the water. The disturbance 
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caused by these few but large bubbles caused slugs of water to 

be thro\'m 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 thick would be formed on the 

surface. The bursting of the bubbles did not cause slugs of 

water to be throvm 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 fro~ less than five liters in run 11, to forty-two 

liters in run 14. 

Relationship between Virginia Polytechnic Institute and 

New River Boiler Water at their Foamj_ng 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 1q;; and 35'%, since this is the 

degree of treatment that is mostly used for railroad loco-

motive boilers. In the case of the Virginia Polytechnic 

Institute water, two runs were made beyond this limit for the 

purpose of noting the effect of a large excess of treatment. 



The data for the curves shown in Figure 7, page 74, were 

taken from Table VII, page 71. The scattering of the results 

on the curve representine the Virginia Polyteclmic 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 93.8 grains per 

gallon, respectively, with treatment of 31% alkalinity. How-

ever this difference of 21.3 grains per gallon was not con-

eluded to be the true ranee because the points represent-Lng 

run 5, at 25.2~b alkalinity and 118.2 grains per gallon, and 

run 12, at 28.3% alkalinity and 58.8 grains ner 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 ranee 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 values that mieht 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 reed water of runs using New River1 

water was considerably less than in the feed water of runs 

using Virginia Polytechnic Institute water, as shown in Table 

IX, page 73. Foulk (ll) 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 boiler water dissolved solids con-

centration at the foaming point dropped from approximately 

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. In 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 precipitating 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 it is 

believed that the expelline 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 155b alkalinity would be apt to foam at any dissolved 

solids concentration between 114 and 404 grains per gallon. 

Recommended Treatment for Boiler 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~t 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 foam1ng is reduced approxi-

mately 40 grains per gallon for each 5~g increase in alkalinity. 

Comparison of Results with Previous Investigations. The 

results found by Foulk and Miller (!O) are shown in Table III, 

page 15. They measured the foam height produced by blowing 

air throueh 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.4 molar, had little 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% 



alka.1 tni t1' (Table VII, pap ?1) • The molu concentration ot 
4iaao1"4 solid• 1n the boiler wat81'1 varied trom ,q,prox1mate-
1Y 0.02 molar tor ,a.i. grains per gallon J.n run 11, to 
appro.ximate].J' 0.11 molar tor ~.o oain• per gallon 1n 
run 19. 

The data ot Foulk and Miller were plotted on Figure 3t 
page 16. Althoueh the actual values ot the result• t01ll'.l4 by 

Foulk and Miller, and the results found in thia inve1t1gat1on, 
could not be compared, the general pattern or the O'tlffel 

(ft.gure 3, page 1,, and Figure 1, page '71f.) showed similar 

characteristics. 
There was no relationship between the foaming concentra-

tions tound in this investigation and those found by 

JPoulk and Brill Cl7), u ehown in Table I, pap 8, and by 

1'ou1k and Ulmer (22), aa shown 1n Table II, page 10. Both ot 
thoee inveetications were made with a laboratory •1• water 
tube bo:ller, and they experimented w1 th only one salt in 

•olution at a thle. Since the ettect on roaming ot ditterent 
mixtures of salta baa nevet" been eatistnetorily explained, it 
waa i.i..po1s1ble to draw any relat1onsh1p between the results of 

this 1nvosticat1on and the results found by Poulk and B1"111t 

and Foulk and l'JllJler. 

b:l.1\iQJlfb&R ta BIIJ.ml4 Lo¢9llllt1 v1 AQU.u:1. The actual 
roaming concentrations round 111 this investigation should pro-
bably ditter tor a locomotive boiler due to the d1f'terence 1n 
t1J)9 or boiler, pr••aur•, and rate of evaJ)O!'ation. However, 



the relt!t!ouhlp behllan 1:ho ruulta vou14 J)l'Ola~ be 1D 

qrNmM.'lt "1th tha 1nveatigation. 

~~.J;Jt11.4L .. .Plt.lJYmJM Cgpgptrf\ia• 
Ro 1'"elat!ormh!p botwen the, ~t ot undtaaolved eolid8 anc1 
the amount or diuolftd aolld1 at the ~oamtnc ocmc•tratiCDt 
d sltc'Ml 1n Tnble VII t page 11, vat found ln this 1 ... ,,. 

pts.on. In tt\Oet caau, the rum oontainint th• snawn 
amount• ot 41aeo1'"4 eo11da ..ii, conta:tnad large G10\1lltl 

ot mtdisaolved solid$, but t:hu wn~ a·ttribltted to the tact 
that moi-e teed wate •• •~aw 1n tbo,e l'W'l8t therobJ 
tncreaatne. the amount or both d111101ft4 ,01141 tel4 

undiasol.Wd eolida. 
at trrtmtll • The U. aoda-a•h fflt!ttho! ot treat-

Mnt vaa Nlectad tor uac in thU investigation because thll 
11etho41a w!C:et, used, espec1alJ7 tor treating water atr nil• 
ro84 locomotives and large industr1al plant• \&iel"e there 1• 
no condeneatf# return and a large q;umtit, or teed. waters.a 

In PUll'OQd treating plants, tM usual method or treatment 
la to torm a •l'm'T'Y ot the chemloal and to JJWtiP thie al.ur.17 

directl.7 into the inlet etream ot raw water at the top ot the 

trecting tank. Thia~ th.on falls down the center tube, 

or "~, of the tank onr •. aerie• ot batt1u to in-
aure proper m!Zing. Thie nwly tNated water 1• at the bottom 

ot the tank and lt rt ... tmJ.r '\bltll moro water 11 treated , 

which toreee up the water level 1n the tank .. Tho 4rav.off 



pipe 1• uua117 ot the noat.lllc tn,e v:tth. the outlot lcoa-t.4 
abc>Ut two· toot belw the 11\U'fao• ot t.h& ntet". Th~, st• of 

the tank 11 such that vat. Will have appl'OX1mat•1112 bOUN 

in the tank bof'ore being drQ.wn ott and usetl aa, tttt,d water. 
~1Me tho ~I! put"pOtiC of this tnveetle;:~ U.Qf'.t Wti not a 

at\lfly ot wate t:·ea~tnt, and since a maxi1'1lWn or only 
21 ccllone o!" vat-.. wt"U treated. at or.e time, tho e)'~t~ ot 
ad.d1r..g the OhMtleale ,,-u,r,eoU, to the wm 'With 1nten:d.ttcrt 

stirring ns ,a•l • 
RalaJ.'41. at.l'~• ln all Odea of' tl'$1!Ul'lfflt, th• 

ob3ect •~• to rerovo nll ot 1he :r.ion-etiJr't:onate (per~t) 

htU"dne&8t re,:h'8e tho 01J.rbono.te (t~) hardness to a 

m1.rd.mm.1 Ndttce tbl di£ii01Ved solidi ·to tJ ~, &nd to 
i.er the ca\tt1ei t1 WA th.an the cnrbontatN • 

As tl'it.Ml 1n Table VIII, ,aae 12, the trnted water tor 
l"llhlJ 12-13 'IA.S tM only OM in 'tl\1.oh all tho nbovc cctld:f.t!c-:.JlS 

Vt"N 1,ot aattetlod. '!he tr$&ted wtot" toi.- rt1ne 12 and. 13 
had o:>r-e ca.ustic1tf than enrbonatoe, md the tfflt~ eon(!1t1o-n 

atato<l lu the 'boiler vatwa tor tJ»Nt '.NU• This vaa the 
reault er w.d.~ an aces$ ot 11M tor t:'.·e&tmffit or the rev 
•~• Thi• z~ of oorM:Jitton te \lDioslrod fer bo11w 

·vat.on beoo.uee olll1r1ttl8ment ffaclt'~ ot boUer plates 11 
U$'W'lll7 t.be rewlt ot axeeu oa.ust1ett7 1n th• teed watei-

vh1ch aooumula.toa tn. ~\o boiler w.ter. 



Foulk (l2) stated th~t undor the best conditions, eome 
ot the hudness will be lef't in the wator wen using the 

11me•eoda ash method or treatr.10nt. The Virginia Pol.Ttechnic 

Institute water wa.s reduced in hardness from nn Q'V'erage ot 
12. 7 grains per gallon to 1. 7 grains per gallon c al.cium car-

bona te. The Hew River water, ho,w-over, vas reduced onl.y from 

an av.-age of 3.0 grains par gallon t.o 2.2 grains per gallon. 
calcium carbonate. T:t1e final hU!ln$~~$ 111 eaeh case 11 

approximately the limit or so!w.n1l1g tha.t wa.s expected .under 

the conditions or treatment that were used, 

12ittlElllQ!I &n Rn l11gte;.,;:1. As shown 1n Table VIII, 

page 72, the Virginia Polytochnic Institute raw water contain• 
ed 10.8 grains per gallon or ee.rbonate (tElllpora.ry) hardness, 
and 2.0 grains per gallon or non-carbonate (permanent) bard• 
neas. The Hew River raw water contained 2.1+ grains per gallon 
ot carbonate (tempora:ey) hardness• and o.6 grains per gallon 
ot non,...carbonate (permanent) hardness. The mineral a11al7s1s of 

the Vircinia Polyteehnio Inati tute raw water and the New River 

raw water, as shown in Table IXt page 73, were 411proxtmately 

the same except the Virginia Polytechnic InstitutG water con• 

tained a greater amount or calcium and magnesium, which 

accounted tor the great~ hardness. 

Pt Llae Csl loAI Alb Bnil4 tQ;r lrMl&cl• 
formulas used tor the determination ot the amounts ot lime and 

aoda ash neefed tor treatment are outlined on pages ;'It and,~, 
It an alk-&11.ni ty or ten per cent was desired tor the treated 



wat•1 ten ·per cent additional lime and ten per cant addition-
al soda. aah were added to the raw water. It was tound. that 

the theoretical amount or chemical.a did not al~• proctuce the 

deeired allcaltnity tor the treated water. In most cues, the 
actual per oan. t alJcal 1.n1 ty waa lower than the amount 
theoreticallT calculated. If the treatment was below l~ 
al.ltaltm.t,-, a4dit1onal amounta of lime and eoda uh were add-
ed. In only one caee vas the water exoeasively over-treated 
attar thG first addition ot chanicala, and in this cue 

additional raw water vae added 1n order to reduce the degree ot 
t1'8atment. 

P111R:a.1m IQJJ.41 Plt@D1 DtJcli» bY Use At t.111 IAJ.IPMW• 
The accuracy ot the Naloometer tor determination of d1saolve4 
solid• depends UpOn the kind or dissolved aolids that are 1n 

the water. The standard solution prepared f'or standardisd.ng 
the Nalcometer was compo•ed ot sodium carbonate and sodium 

chloride 1n a ratio of 1 to 1. Since the electl'ical conducU-

ntr or salt solutiona will differ with d1rterent ea.its, the 

accuracy of the Nalcometer vu not exact, but was found to be 
within~ of the actual value 1n the range above 30 graina per 

gallon dissolved 1olids • Below 30 grains pea: gallon the 4epee 

ot accurao,- was decreaaed because ot the ditticult,' 1n inter• 
polating betw,n the graduation• on the scale. For water con-
tairu.ng l••• than 10 grains per gallon diaeolved solids, the 

difflcult)l' in interpolation often caused errors up to i..qg. In 
all cuea ot dissolved aolida determination, reporte4 in thia 



investigation, the values used \,Mre those obtained by evapo-
rating a sample to dry-ness 1n the drying oven at 105'° c. and 

weighing the residue on the balance. 

k~n@£1'1 AM]XGI• The procedure toll.owed in this investi-
gation for the mineral analysis was the approved method of the 

. (4) 
Awerican PUblic Heal th Association. • The method. of pro-

cedure was easily followed and tha analysis was simr,lo to 
perform. The major diff'iculty was th13 evaporation to dry!·ioss 

of appro)ti1f'.at(dy a 250 ml. sample o.r solution in the sodium 

determination. The sa.1 te '1/0Ul:J crystal.11zo and spatt,Jrint1: 

would occur, thus losing a portion of tho sample. 

Results of the mineral analysis ar~~ eho"m 1n Table 1X, 

page 73• 
Only two analyses we1~e Wida on the V1.rcin1a PolytocJ:in1c 

Institute raw wa.te:r as the water tosted approximat,~1y tho smn.e 

in every caso as shown in table V'II, page 71. 

The silica content of' the treater'~ wat,Jr vas less than tho 

raw wator because some or tho silica is prccipito.ted out by 

this 1:1ethod of treatmer2t and settles to tho bottom due to the 

coagulant. The a..1n0unt of' iron and aluminum was groatar in the 

troated water due to the aluminum in the coagulant an.d also 

because tho wat.,·r was treate(l in an iron treating tank that 

had bean pain tot 1,ti th aluminum paint. The amount of calcium 

and r,10tnosium decreased in tho treat(!d water due to th,1 pre-

cipi tu tion of oalciur::: ca:rhonato and magnoslur:1 hydroxide. 

However, in two cases ot" the ~·;01,, Riv\'lr trnaterl water, tho 
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the amount of calcium and magnesium in the treated water was 

~e same or slightly more than in the corresponding raw water, 

fhis is accounted for by the fact that lime (CaO) was added 

ror treatment and maximum softening had not been completed. 

The sodium content of the treated water increased over 

that of the corresponding 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 precise test on account of the different relative amounts 

of calcium and magnesium found in differ0nt waters.<2). 

The limit of accuracy which was less than 0.3 grains per 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 

usec ar.td 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 Soap Method. The false end 

point, or "Ghost Point", which shows the dividing line between 



the calcium and magnesium was very dift1cult to determine 
unless ereat care in teohniqu.e was followed. It the soap 
solution was adcled eithor too slow or too fast, the "Ghost 
pointtt did not appear. Quite often, more tho.none 11Ghost 
point" would seem to appear during the hardness determina-

tion. In this investigation, the "Ghost point" was found 

only when testtne VirgL1ia Polyteeh.'110 Institute raw water. 

It never appea.red with Virginia Polytechnic Institute treated 

water, or with New Hiv1:,:r raw or treated water .. 

2[ tegt1ng tot AJ,ltaltnitz. The alkalinity of 

natural waters represents its content or carbonates, bicartto-
nates and hydroxides. The method of determination used in 

this investication was the approved method of the American 
Public Health Association <2>. 

The phenolphthQlein end :;:-oint was easily seen when the 
oolor ehanged from pink to colorless. However, the methyl 

oranee . end point ,ms harder to distil"..eu,ish, especially 1n 

the case of New River raw water which in every cn~0:e had a 

muddy a~1pearanee. 



The f'ollowing recc,mmenda tions are made f" or future work 

on this subjects 

1. The erroct or a mixture or snl ts en the foaming con-

centration or boiler watt~r sho11.ld be d-,~termined. Foulk and 

Brill (l?) a..~d Foulk and Ulmer <22) tound too.ming values ot 
indlvid.ual salt solutions, but no data is available on solu-
tions containing a mixture or salts. 

2. The errect or increased pressure on the foaming 

concentration should be determined. Foulk (l3) stated that 

high pressu.re bo1.lers are less likely to foa.m tr..an low press-

ure ones. HowevJr, the American Boiler Manufacturers Associa• 
tion (33), based on experience, has decreased the perrr'iss1ble 

concentration of dissolved solids with 1ncrtlased pressure. 

3. The relationship between surface tension and roaming 
(20) concentra.tion shotl.ld be de term, ned. Fmllk and Hiller 

tound thnt the surface tension or salt solutions, most coml'!lOn 
in boiler waters, i.ncreased w1 th concentration. Jacoby and 

Thompson <28> stated that, ttalthough foaming is usu.ally assoc• 
iatod w1 th a lowering of surface tension., foaming is not 

actually dependent u:ron surtace tens1ontt • 

I+• If' nn accurate and quiclt detorm1nat1on or dissolved. 

solids is desired on vatar containing less than 30 grains 



per gallon, a lalcometer w1 th a rang• ot from O to 5'0 graina 

,-r gallon di•solved solid.a should be used. 

5'. The same apparatus as u.aed in this 1m-e,t1gat1on tor 
the determination ot the toaming point should bi& used bJ' 
tuture 1nveat1gatora on foaming or boiler waters. ao u the 

reeulta may be compared. 
6. ;>upllcate or triplicate rune should be made tor each 

condition or feed water in order to have a positive check of 
the results. 

The experimental part ot this investigation was conducted 
under the following limiting conditions. 

1. The foaming concentration• were determined for on1y 

two waters, Virginia Polytechnic Institute water end New Rive 
water. 

2. A laboratory boiler was simulated by using only a 

1000 ml. round bottom tlaak. 
3. The range limit ot per cent al.kalin1 ty of the boiler 

water was from 10% to 3~, because treatment or industrial 
boiler waters is usually maintained within these limits. 

4 • F..ach run wa• made at atmospheri.c pressure -- 760 mm. 
o~ meroury. 



;. The acC\U"ac7 ot the method used for determination ot 
the toam1llg concentration va.s not checked by duplicate runs. 

6. No .x,.t1-toam agent, were used to roduce tho foaming 
tendencies. 

7. The •urf'ace tension or the boiler water was not 
measured. 

8. The mineral analysis of the boiler water was not 
termined. 

9. The evaporation nte tor each run was maintained at 
20.8 ml./m1n. 



on the basis of the results obtained in this investiga-
tion, the following conclusions woro madei 

l. At at.mosyiherio prossrwe and at a constant ova:1ora-

tion rate or 20.8 ml./min., Virginia Polytechnic Institute 

boiler water with treatments from 11.6 to 1+7.6 per cent 
alltalini ty roamed at dissolved solids concentrations from 

160.2 to 58.~ grains per enllon, respectively. 

2. At atlr,.ospherio pressure 1-1nd at a constant ovapora-

tion rate ot 20.8 ml./min., new River boilar water with 

treatmonts from 20.2 to 33.8 per cent alkalinity f'oar:100 at 

dissolved solids concentrations from 349.0 to 170.0 grains 

per e;allon, respectively. 
3. ~bove 15 por cent alkalinity, the dissolved solids 

at tho roar.rlng point of the Nev River boiler wa.tors were 

greater than the disDolvad &olic1s at the foaming point or the 

VirgiuirI Polytechnic Institute boil or waters by an average at 
200 grains per gallon. 

4. On the basis or the literature, the dissolved solid• 

at the foaming point or the New River boiler waters vere 

greater than the di5solved solids at the foaming point ot the 

Virginia Polytoctmic In.stitute boiler waters by an average of 

200 grains per gallon due to the smaller amount or sodium 

aal.ts in the l{ew River water. 



The purpose or this investigation was to determine the 

•ttect or various degrees of lime and soda uh treatment on 
the foaming characteristics ot Virginia Polytechnic 
Institute boiler water and New River boiler water, at atmos• 
pheric pre1aure and at a constant evaporation rate. 

The range or treatment was between 10% and 3S% alkalini-
ty because teed waters tor railroad locomotives are usually 

maintained betwen theae li1ni ts. A 1000 ml• round bottom 

flask was used to simulate the boiler used tor the determina-

tion or the foaming point concentration. A constant volume of 
S00 ml• or water was maintained 1n the flask throughout each 

determination. Atmospheric pressure was used throughout and a 

constant evaporation rate or 20.8 ml./min. was maintained. 

Before treatment• the Virginia Polytechltlc Institute 
water contained 10.a graina per gallon or carbonate (temporary) 

hardness and 2.0 grains per gallon of non-carbonate 
(permanent) hardness. The New River water co11tained 2.lt- grains 
per gallon of carbonate hardnesa and o.6 grains per gallon ot 
non-carbonate hard.neaa. Treatment removed all of the non-
carbonate hardneas and reduced the carbonate hardness to an 
average or leas than 2.0 grains per gallon in terma of calcium 
carbonate. 



on the basis ot the results obtained in this investiga-

tion, the tollowing conclusions were madea 
l. At atmospheric pressure and at a constru1t evapora-

tion rate or 20.8 ml./min., Virginia. Polyteeh..nic Institute 

boiler water with treo.trnent.s trorn 11.6 to 47 .6 per cent 

alkalinity roamed at dissolved ttolids_ concentrations from 

160.2 to 58.4 grains per gallon, resr~otivAly. 
2. At atmospheric :pressure a.'l'\d at n constnx1t ovn.;)ora-

t1on rate or 20.8 lll../min., New R:lvt-n- boiler wnt,3r vrl.th 

treatments tror.a 20.2 to 33 ,8 per cent r>,lk:;,.11ni ty fo:3.1noo at 

dissolved solids concentrations f"ron 31.i.9.o to 170.0 ern·7.ns 

per gallon, res}1oct1vel.y. 
3. Above 1; per cent alka1J.n1ty, the d1ssolvod solids 

at the roaming point or the New :River b,::-iler w.ters were 
greater than the dissolved aolids at the fen.ming roint ot the 

Virginia ?olytechr'J.c Insti tuto boilor w~ters by an averaee of 

200 fra.ins per gallon. 
4. On the basis or the J.iterature, the ditscl·rod. solids 

at the roamlng point of the New River boiler wa tors ~;;ere 

greater than the dissolved solids nt the ro~in.inc T,>o!nt of' the 
Virginia Polytechnic Institute bo:tler wators by an average o~ 

200 grains per gallon due to the sraaller o.rnon.nt or sod:1.xun 

aalts in the New River water. 
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