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Himy boiler and stec.m turbine operators ::i re well acquainted with the 
problem of siliceous deposits on boilers, steam conduits, and turbines. 
Normnlly, it i s t nken for granted that ma intenance alone is the solution in 
keepi n g these surf&ces, lines and equipment clean for efficient performance. 
Unfortuna tely, there is no general formula which cri.n be ap ' lied to correct the 
silica deposit phenomen~. There have been many investigators in the field, per­
haps t he most widely kno"m of these men is Professor Str~mb of the University 
of Illinois. He h:'ts indicated in various reports that silica deposits in high 
pressure stee.m systems have been · detected when the stenm silica. concentrations 
become greater tha n l/lOth ppm. His work he s suggested to operators that one 
mea ns to inhibit silic2 deposits is to er.1ploy sodium and pota ssium chloride 
salts along with Mgher pH velues in the boi1er water. Some effectiveness 
has been noticed when this suggestinn has been followed. 

:Mr. IJal ter Leaf, Rese0rch Technician for the Denver & Rio Grande R.R., 
has reported high silica adsorption VP..lues in h,:rdrous ferric oxides. His work 
on low silica waters, however, indicate that he is u...11able to :reduce the silica 
content to less them 1 ppm with this method. Other procedures such as the use 
of metal oxides fnd hydroxides are being used but again published reports for 
the most pa rt show reductior1 in silica to 1 to 2 !Jpm, which is a r!:.nge that 
still leave s t eavy amounts of f>ilica to concentr:ite in the boiler. It is the 
intent of this paper to oresent a method e.nd to describe equipment now being 
put in service in the Southwest whose function it is to remove silica from a.n 
original concentre.tion of 8.5 ppm Si02 to en effluent concentrFtion not to 
exceed .2 ppm <1t. flow rates of 301) gcllons per minute. The wEtter will be 
supplied a t a pressure of 50# to 90# per sque re inch an:"l a t .?. ma.ximum tempera­
ture of 90° F. The analysis of the we.ter is as follows: 

Figure I Ca ............... 12 ppm 
~lg . ....••.••... • 14 ppm 
HC03 .•.••••••• l03 ppm 
C03··········· 22 ppm 
OH............ 0 ppm 
Cl ..••••...... 164 ppm 

Na . ........... . 188 ppm 
804 •••...•..•.• 146 ppm 
Si02 ..•••...•.. 8.5 ppm 
TSS . • • • . . . • • • • • 12. 4 ppm 
TDS .••••.•••.•• 613 ppm 
NH3 . . • . . . . • . . • • 0 .10 ppm 
pH............. 9.0 ppm 

The wa ter i s to be pa.ssed through a cation :i.nd an anion unit pla ced in 
series. The ca tion exchanger employs 1:1 r e sin with repl~~.ceable hydrogen for 
the ca tions of the raw wRter c: nd the anion niate1·ial contt: ins a ctive amino groups 
which adsorb the resultant acid equiv.~lent from the cation exchanger.. The 
cation exchange resin is regenerated with B·-:!id and the anion resin with a lkali. 

This, of course, is a brief resu.'Tle of the princ iple of. De-ionization 
which has heen discussed in d.ete.il at former meetings of this society. 

1 Illinois Water Treatment Compan~r, Rockford, Illinois. 
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Figure II Cetion & Anion 2:xchange .Hen.ctions: 

Ca.S04 ..,. 2HR ------------ H2S04 -i- Ca (R)2 

.MgC12 .,. 2HR ------------ 2HC1 ..,. Mg (R)2 

H2S04 + RNH2 ------------- RNH2 
. H2so4 

HCl ..,. RNH2 ------------ RNH2 . HCl 

Weter freed. of its minerel content by this nrocess is not sui te.ble for 
high pr.3ssure boiler work bec~mse of two outstanding limi te ticns in the 
process. Cr1.rbonic acid is not effectively removed because of its low ioniza­
tion constr:nt nor is silica or silicic acid by the same token . Carbrm dioxirl.e, 
however, c2n be removed from the effluent by ri.eans of V8cuum de-aeretion nnd 
this method of co

2 
removc::.l is being used on this installation. 

Stoichiometric Titration curves of anion resin indico:tes th'.· t adsorption 
of cn.rbon rl.ioxide is effected on newly regenerated anion IT1?teriel through its 
basicity, but iE soon exhausted for cr::rbon dioxide adsorption . Silice and 
silicic acid being more wec:kly ionized than cl': rbonic acid, show no tendeEcy 
for edsorption all through the service cycle. It wr:.s observed [•nd reported 
last year tbri.t enion exchange resins sh01reO. V6r'J definite adsorption ve.lues 
for silica whon the highly ionizr->ble fluosilicic acid w;luee 1rnre tested. 
Accordingly, P. !!8'<: adeptatio:i in the field t:1en, 2.nd one to be er1ployed on 
the im:tr-.llPtion r0f0rred to here, involve;:: the con··1ersion of silicf' and 
silicic c.cid to the highly ionizn.ble fl110silicic acid H2SiF 6. Fluosilicic 
acids ionization constant is greater than thrt of.' h:-rdrochloric ecid, hence, 
its adsorption is preferential to either hydrochloric, sulplTuric or carbonic 
acid. The method which h0s beer. relected for silica removal in this instclla­
tion, is thr>t of feec1in~ soCl.ium fluoride to the cation exchanger nt a point 
where the calcium end mi;ignesium of the ra1,' wr•.ter h~s been exchanged. The 
point ::elected is determined by the percentE:ge of calcium anrl. magnesium in 
the total solici.s of the raw wRter. Furthermore, it is thou;ht tha.t at this 
point of ihjection the preponder~nce of acidity prevents the precipitation of 
calcium· 2nd I1l8 gnssium fluoride. ?he ini tie.l reac :.ion at th,~ feed point of 
sodium fluoride follows: 

R - H -i- NaF ~------- R - Na -i- HF 

The hydrofluoric e~cid is then left free to react with r;ilico for the 
conversion to fluosilicic a.cid. 'lhis resul t&nt acid is a.d:=:orhed on the ar1ion 
resin. 

Fluosilicic acid is r: stable ncid e.s long CJ s pH v11 lues are kept 
lower thr'n four. This, of course, comp lie<' tes the norrm:.i 1 regcnerP. tions of 
the anion exchanger; mimely, th:c t. of regenerP ti on with an alka.li; an alkali 
regeneration would precipitate siliCft if norn:Pl procedures were followed. It 
is necessary, therefore, to deviP.te from st;:ndi:itd proc':'ldure. To preclude the 
possibill.ty of depo~iting insoluble silic::<, the anion bed is washed with the 
excess ecid of the cGtion regenerent. There is E re~llrcetnent re~ction in­
volved in the procedure which repl~·ces c:nd wa~~hes tb the drain the fluosilicic 
Acid of the Fnion c:-::changer with incoming c, ci·~ of the cetion exchange!'. This 
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procedure is then followe.i with a regenere,tic•n with nn a lkali ns in the usu1:' l 
regenerating cycle. 

2R - NH2 • HCl + NaOH ----- 2RNH2 .,. H20 + NaCl 

Investigation is being conducted to dete:rmine whether 8 strong salt 
will effectively remove fluosilicic acid FS well as mineral r-icids or not. 
There lw s been some indication tho. t sodium chloride effectively converts the 
c:: dsorbed fluosilicic ac i ci to its respecti'ire slat, converting the anion r esin, 
in turn, to its hy<b~ochloridG form for later base reger..er~tion. 

To give us some conception of the sco~e of the work be ing undertaken 
for silict:i reri\OV.s l, t:ie following slide will show the ec,ui pr.icmt involved. 
Raw wAter enters th~ cAtion oxchi.nger through a conve:'.'ltionr:l distributing 
system at the to1.J, rind is collected tlirough e. series of i)ottom distributors~ 
In order to eff~c;t c;:ilica removal, there hre two add.ition~l oistributors 
necesse.ry other th: n ths ~onventional distributors discussed. One of the 
cUstributors is su::rr;c11/t0d ~rr.medit.. tel.y above the resin n.nd it is used to in­
troduce the~ rG[:encrs.r t~ HCl, into tho bed after it is exhc:iusted. The second 
additional l-UstriLutor is buried in the resin bc:d. It is th:rnugh this distri­
butor thi.:;t the sooirnn fluo::.~ide is pumped during the service cycle . 

• 
It is of intc3r est to note here the methods employed in both tho cation 

;:md anion exchange t Pnk t o prevent clogging of the regenerant ~istributors 
during occkwashing, r.nd in thf: cese of the cation tu!k to keep clear the sodium 
fluoride distributors buried in the resin bed. A system of Foxboro flow 
regulators bleeds off o small flmount of r .:i w water ~ nd inducts it through the 
caustic, aeiri Fnd sodium fluoride distributors with sufficient hee.d to prevent 
any resin entering the f:lystem. 

The sodium fluorirle is stored in a 4 1 x 6 1 steel fank from which the 
sodium fluoride is drawn through a 3/4" pipe and injected into the cide of the 
tank through the buried distributors. The sodium fluoride is introduced 
throughout the entire service cycle of the :Ceionization procc;ss. The concen­
tration, rate of flow, and depth nt which the distributor is placed is deter­
mined by the percentage concentr~:\ tion of the calcirnn se.lts in the re1r water 
fl s hns been deFcribed. 'l'here is a momentary reaction in which the sodium 
fluoride thus introduced, is converted to hydrofluoric acid which then reacts 
with the silica to form fluosilicie ecid and is pass,.;c1 a.s such to the .snion 
excha.nger a long with the usua 1 mineral acids of the cation exchanger. 

Theoretically, 2t least, in the <:-.nion exchanger fluosilicic E.' cid being 
a. stronger acid than the othet" mineTr-i lcrids, would indica te that i-.dsorption of 
the fluosilicic acid would be effected a.t the top of the anion bed. It is 
for this reason, then, that the unique principle of b<Jckwashing with acid from 
the cation exchanger is done, so as to easily wash the fluosilicic acid 
quickly from the bed without fouling the resin, as might be the case if acid 
rinses were effected downflow. The mineral-free silica-free water, still 
hE>avily contaminated with ce..rbon dioxide, is ~)umped to a 4 1 x 22 1 vacuum 
de-aerator. The vacuum will be j,)roduced by a three-stage steem jet ejector 
with sec: wate r used fo:::- cooling the barometric condensers. 

Of some interest to this audience should be the work conducted experi­
mentc.lly on sugar beet juices l'nd molasses at the Layton Suga r Compapy, Layton 
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Utah. A pilot plant, built in triplicate, of suitable design was used fo:r 
our study this year. Tank di&meters and suitable bed de::iths were used to 
provide flow rates of 150 to 200 gallons of juice per hour. 

The scope of the work undertaken this pa.st cs.mpaign was threefold in 
purpose. The division of work included the (1) De-ionization of second ce rbona­
tion juice (2) yard molesses, and (3) ·iirect De-ionization of raw beet juice. 
It must be Hdr.iitted that the emphasis of the work was directed during the 
campaign on second cerbonDtion a s it we.s felt thet clear juices free of sus­
pended ma.tter and colloids and n.t low brix would provide the best medium for 
dissolved solid removal studies. 

The juices were sui tc;.bly c~ooled and passed through a double system of 
cation, anion exchange. Juices of high purity were obt.<iined hut regarr11ess 
of the low tempereture involved, it was noted thot inversion percentages were 
too high to make thr:; process practica.1. Accordingly, it wo.s deterr.iined soon 
after studies began, thnt on the tre11 ter:'!. ,iuices to hold inversion e.t absolute 
minimums it was nece s sr:ry to employ the single stage of cotion nnd anion ex­
change. 

The second ca rbonation juice tested 91% purity. Following the exchange 
cycle this purity was increased to a 99% purity average. This high purity 
juice was then concontra ted to 65 or 66 b!'ix after which it wets crystall.ized 
in a special vacuum pen bui.lt for the studies. Needless to say this high purity 
juice handles somewhat difi'erently than normal juices in the vacuum pan but 
certain technioues wer9 soon developed r:o th'.'1.t gooll crystF,llizotion was effected. 
The resultant sugar we.s pure hn.ving nsh content of .001%. It was possible for 
us this y~:. r to segregate the high green from the first strikes. These high 
greens were concentr8 ted ~J.nd crystallized, giving whi to intermediate sugar, 
ash free. It wns felt the.t if subsef;uent collections of f;reens were possible 
that additional white strikes could have been obtained. 

By calculation it ;.;as determined that the yield incre'.l.se through De­
ionization would be avi)roxirnatcly 29 pounds incree se pe r ton of beets processed, 
keeping in mind that the sugar content of the beets being processed was 14.50% 
sugar. 

Cost studies indicate th.'it the amount of eddition8.l sugr;ir salv.:i.ged vs. 
the cost of regenerating the units ,,,,.erL" highly se.tisf8ctory (82. 5 pounds of 
sugar increase per $1.55 investment for regeneration). 

The second phase of the work conducted centered around the trec: tment 
of yarcl molesses. This material was brought to the De-ionizen:> at 35 brix. 
It Wf' s determined t.M t in~ smuch D s ir..version would be B.ccepta ble at hib"her con­
centrations thon in the rew products, thnt it would be best, because of the 
high mineral content;., to double {JP. :O:fJ the y<' rd molasses. Accordingly the materia l 
was pc-ssed through ::it h:igh temper0ture . Temperatures for the most part did not 
exceeed 160° F. The resul t:=mt effluent was sent to the evepora tors rmd concen­
trated to 65 hrix. 'l'he inversion at this temperature naturall:r enough, wes 
high, and percenta ge-wise fell in the rr:nge of 5 to 13%. The material, how­
ever, wc;s free of turbid and susoended ma tter ~nd was found to be suita ble for 
human consumption. The ash cor,t~nt w::i s approximately . 3%. · 

This edible meterisl is of such purity and sweetness that it we.s felt 

- 159 -



thet it could aid in the progri.:m of the sugc.r me>.nuft:cturer in providing not 
only the h:msewife but the industrin l custor.i.e r [;S well, with the n :"cessary 
sweetness s o sore ly needed during these days of suger r c tioning. 'fhis in 
substance t~en, i s n m00ns of providing for human u.se a substFncs once looked 
upon hy the s ugn r man AS a by-pror1uct of little w 1lue, except as a stock foocl. 

It was soon dete r n:ined thr· .. t this proce r s would not h E V ·3 been successful 
had the investigf'. to:rs not be en able to work a t elev.: ted tem;::iern.turef. in the 
b?.ckwash cycle c:i s well o s in the a ctua l re~·enera tin; cvc le af:' it we := the only 
means of r emoving e ccum:ln ted gu:ns El nd colloide 1 ma tte r ndsorbed during the 
service cycle on the exch;,:nge media. -l~ 

Towe.rd the end o f the suga r CGmpeign it WE• S felt that ce pacity de ta, 
stability studie s e.nd gene r c::. l information hnd progres :::ed to the point where the 
third ph.Pse of the work co11ld be investiga ted. The a ttempt ::-·t this point was 
to e1:Lminate liming r·s it is norm1:· lly cs.r:::-ied out in a sugf.t r foctory n.s well 
as the cc-rhon:.:itior• and sulphitatirm steps ::- nd first f'iltr:::tion. At the outset 
the cittempt of the r~:: s co rchers wcis to elirairn:,te r ll filtrr.1 tion, however, e s 
the work progres.sed it wns soon decicJ nd thot pe rhap s one filtration step may 
be neer1ed. in subsfx1uent studies of this kind. In general it ccin be sr: id that 
the r aw juice Et suitc-.ble terr.peretur8S a nd with only e fr~' ction of the lime 
normPlly used for flocculAtion is allowed to ~Ja s s to the De-ionize rs uncter 
pressure at low brix. 'I'hc juice at this point :J.E he .:wily cont1:m1inatcr.. with 
the colloiris and r.1inera J. nKl t ter so f<'milin r to the sugfirrr.an; however, its 
purity is 8/-1-%. 

It WP. S observed that the: incoming juice so trsnted could be filtered 
almost se.tisfoctorily in the De-ionizing step. ii. >rr• t e r-white effluent w.c; s 
collectert ond c1 na lyzeq. The purity of the j uico followint;;'. De-ionization by 
tms method wn s ob:=erved to be 98. 5 to 99%. The juice so obtEiined was con­
ccntre.t~d · nd CI"Ji~talli z.ed with first an,d second ntrik2s being- whi ·i:~e ash-free 
sug.'.'rs. The costs, of cours.::· , would. be con?;~ ra ble to those costs reported in 
second carbonation treP. tr:ient, however, one must consider th['t in tho process 
liming , cDrbonr-tion, sulphiting expenses r,re removed. It is not to be con­
strued thc t the wo:;.~k on n .w beet juic e if' conc- ludve. Some n.ifficulties were 
obse rve d i!1 the proce~~s that indfr13ted tli~i t a filtrP.tion s t ep might be re­
quired. These filtnrs wo1:11d necessr:rily he.ve to be of spcci.:: 1 c:onstruction 
so as to elimin&te tencl. enc~.r of corrosion on the f'ilte!' pl a te by e highly ecini­
fied sugr• r juice. 

Fe cili tj ·::;s and time r:eing fnctors during the experiment did not D llow 
for investiga tion d .ong thes e lines, however, the in:Iica:.ion and conclusion 
on r<lw bee t JUlC9 is that it cr:n be suitably De-ionizerl without liming, c£: r­
bonation or sulphitation, the encl .. ?roclu.ct of '1hich is e -.,;hite , c:t ioh-fre e sugnr. 

* Pci tente for this process hr, ve been < pplicd for by the Illinois W0 t e r 
Treatment CompEiny. 
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