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SILICIC ACID, ITS INFLUENCE AND REMOVAL IN WATER
PURIFICATION.

By Otto Mitchell Smith.

INTRODUCTION.

Little sttention hus been paid to the presemce of silicie acid in
natural waters except in cazes where itz content is quite high. It is uni-
versally present but usually in emounts Jess than 100 parts per million.
It is more prevalent in the surface waters of the Mississippi Valley™®
especially on the western watershed. Ii is found in as large amounts es
1,163 paris per million at Cesenate, Italy,** 1,230 parta per million at
Deep Bock Springs, Oswege, N. Y.,'* and 923 parts per million at the
Yellowstone National Park.®”

Bilica in solution usnally cecurs as eolloidal eilicie seid and** in
combination with the basic elements, Its presence in water used for
steam purposes has always been considersd detrimental and conducive
to the formation of a hard flinty scale. Besides forming an undesirable
scale, A. Goldberg™ believes silicic aeid is Tesponsible for many boiler
disturbances. When the acid ie distilled with water selutions of pitrates
and chlorides, nitrie and hydrochloric acid are liberated,

Turbidity in water is generally cansed by the suspensions of very
finely divided minersl matter, mainly elay. Clay may be defined gz a
mixture of minerals of which the most representative members are the
silicates of aluminium, irom, the slkelies and alkaline earths, The
hydrated aluminium silicate, kaolin. {ALQ,,28i0,2H,0) is the mosat
abundant compound.

There are many cases in the literature emphasizing the difficulties
of clarifying watsr containing finely dispersed elay particles. TFullor®
in 1898 found at times 8 turbidity which was difficult to coagunlate with
an abnormal eonsumption of alum. Ellms,'" Black and Veatch,” and
Catlett!® show the diffienlties in the treatment of such water.
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SaS Wil THEORETICAL AND HISTORICAL PART.

oA lﬂmm acid and clay suspension are considered as sol and suspen-
O "d"l‘eapeeﬁvéfy i brief discussion of the genernl properties of colloids
is pertinent. Burton' defines a colloid sclution “as & suspension, in a
liquid medium, of fine particles which may be graded down from those
of microscopic to those of molecnlar dimensions ; these particles may be
either homogeneous matier, solid or liquid, or solutions of a small per-
centage of the medinm in an otherwise homogeneous complex. The one
property common to all such solutions is that the suapended matter will
remain almost indefinitely in suspension in the liguid, generally in spite
of rather wide variations in temperature and pressure; the npatural
tendency to settle, due to the atirsction of gravitaiion, is overbalanced
by some other force tending to keep the small masses in suspension.”

With the development of the ultra microscope and the investigations
of Zeigmondy and Siedentopf®™ it is poasible o show that there is a con-
tinuons gradation in the size of particles of the disperse phase from
1.90 z 107 . in diameter to that of visible organisme and this leads
to the belief that there is a gradation in gize from the smallest of these
particles to the molecules.

Tyndall*™ (1869) found that smaH particles cotllﬂ be revesled by
the lateral diffusion of & beam of light traversing a solution. Applying
this method Linder and Pieton®* were sble to grade the sizes of par-
ticles of eolloidal apsenous sulfide.

Wiedemann® (1852) and Quincke®™ (1861) confirmed the discovery
of Reuzs that a liquid wonld move acress a diaphragm or through a
capillary tabe towards ome of the electrodes when a current is passing.
The migration of sols in the elevtric field was first observed by Linder
and Picton. As suspended particles carry electrostatic charges, it seems
logical to conclude that as result of these charges, suspended particles
whose masses arc small enough are equally distributed throughout the
liquid, and prevented from ever settling because of the mutual repulsion
of the charges. Buch a solulion is ealled » eol in contradistinetion fo
the jelly-like form called a gel. When the dispersion of relatively in-
soluble particles i not so great as to become macroscopically invisible—
such 8 system is termed a suspension. The change of an irroversible
hydrosol to an amorphous precipitate wherein there i no Browniasn
movement i known as coagulation.

Schultz,* and Linder and Picton®® ghowed that the coagulating
power depends upon the valency of the metal ion and accordieg to later
workers, squivalent solutions containing monovalent, bivalent and triva-
lent metallic jons would possess, whatever the nature of the amiom,
congmlating powers in the ratio of 1:35:1023 which is nearly represented



¥

by the formulge 1:x:x% In 1899 Hardy** found that the concentration
of the acid neccesary for coagulation of electronegative particles and of
alkali for the coagulation of electroposilive particles is determined by
the Inws of ordinary chemieal equilibrium.

Burton,*® adding graduated amouniz of saluminium suifate
Al (80,); to a negative sol, found thst there was a decrease and even
8 reversal of the charge. Thus if one is sble to pass from & negative
sol to & positive eol there mugt be a point of zero potential—*isoelectric
point.” Hardy*® suggesis that the coagulation of eolloids by electrolytes
takes place when the particles have their charges neutralized by the
adsorption of oppositely charged ions of an electrolytic solution and at
the isoelectrie point. His previously published conclusions were** that
the conditions which determine coagulation are: (1) conceniration of
colloid, (2) temperature, (3) the nature of the ion, and (4) that the
action is additive if the jons are of the same valency and “subtractive”
if of different valencies, as the one inhibits the oiber.

Crom, ** Tander and Picton, ** and Whitney and Ober,®® have estab-
lished the fact that during the process of coagulation a portion of the
electrolyte is always adsorbed by the ccagulum and that amount is pre-
portignal to the electrochemieal equivalentis of the anion.

Lottermoser,”® Blitz,® and Billitzer® demonstrated that colloids of
opposile sigh precipilale each aother; that there is an optimom of pre-
cipitating aclion shown for eertain propertions of colloid and that, if
in any case these favorable proporiions are exceeded on either mde, no
precipitation oceurs; and that the direction of migration of the whole
under the influence of the clectric current iz the same as that of the
eolloid in excess. This leads to the subject of protective colloids. Many
organic colloids when added in comparstively minute quantities to
suzpenzeids have the power of preventing the coagulation of the system.

]
PROPERTIES OF SILICIC ACID ‘.lND CLAY SUSPENSIONS.

Silicie Asid.

This colloid possesses the properties common fo its class. In con-
centrated solutions it is unatable, but below 1 per cent it is stable for
vears. It has not been prepared free from electrolytes; itz molecular
weight is about 49,000. Billitzer* and Fleming'® found it amphoterie,
carrying a negative charge in akaline and a positive charge in acid solu-
tions. Fleming’s data, converted into terms of hydrogen ion concenira-
tion, indicate that the iscelectric point lies between a Py value of 13.6
and 13.9, which s not in sccordanee with facts. It exhibits the Tyndal
effect and is precipitated by electrolytes and positive colloids, The



