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* Alumina Hydrate in Mechanically Filtered Water

Some Observations on the Passage of Colloidal Alumina Through Water Filtration

Plants — Research Work at Toronto Plant Indicates Impossibility of Removing

Residual Alumina from Filtered Water — Alumina Becomes an Aluminate ?
By NORMAN J. HOWARD* and FRANK HANNAN/

Toronto Filtration Plant Laboratories

PRESENCE of aluminum hydrate in the effluents of me-
chanical filtration plants has recently _caused consxder&
able differences of opinion amongst those (%1rect1y concern:
in the purification of public water s_upp}ws. In. T.oron 0,
Where the new drifting sand system is in commission, an
alumina reaction has always been obtained in thg filtered
Water, and in view of the fact that this is an entirely m;w
System, it has been claimed by some to be caused byht :
direct application of aluminum sulphate to the filters wit 'I?}l:e
a preliminary period of coagulation and sedlmentatlon. e
eXponents of the standard mechanical gravity ﬁ}ter, czaL1
that the filtered water from mechanical plants, if propersi
Operated, would yield an effluent entirely free from aluminun
Sulpha inum hydrate. .
pCot;ieos;:r}gg:ce has };)assed between numerous englpi?:'ls.-
Sanitarians and the writers, as to the conditions existing

Principally in the states of New o’f“‘é‘,’ltaivfirylﬁi
nd Rhode Island, and the province B presence of

COnsensus of opinion was that e
aluminum hydrate in the effluents of many mechanica

Plants was not an unusual condition, and hvgaiotf:;:
Quently met with, and the reason why such caslis B i gt
Peared in the experiences of some water wor sfau nsulting:
Might well be due to the fact that a number o c:he pornd
engineers have little or mo routine relation with
OPerating details or results in filtration plants.

Investigation Confirms Previous Opinions o
In view of the importance of the qugsFion, lt'tv];mi;i Zhgtl:jgect
desirable to investigate further the conditions Wll bt
of throwing light, if possible, on a subject invo ‘;b ogut Vit
of some of the colloidal properties of alumu;lum et
S0 little is known. It is yet too early to orrr;ter i i
¢onclusion, and the opinions expressed hereziut goteidn
ased upon conditions as actually b.four:)df ttoh eexﬁ?tration o

Investigation in the laboratories okt i e

have i ressed 0 €
confirmed previously exp . ek
Mova] of alum(inupm hydrate in treated Lake Ontario yvate

M impossibility. It is not proposed ever e
Juestion of alusr’ninum sulphate occurring In the efflue

i I alkalinity in the raw
ter o ey D nolli':::laest;imated as CaCO,, the

ical im-
PTesence of undecomposed alum would be a chemica
Possibility,

p with me-
The initial laboratory experiments were s

3 treated in the
th watelt‘r e qiantity of
If and two and one-

iod of four hours’
y samples before

by Oratory with aluminum
> fmlcal applied ranged bewlrleen
. Zrains per imperial gallom.
o dimentation was allowed the 1';‘bomtorThe samples were
ﬁltering- through small rapid sand filters.

: : tion. The
“N tested for a positive or negative a]uml;-aacl;;eaocf logwood

agents uged were fresh solutions of e"etic acid.  The
“), hematoxylin (0.8%), and N X6 &c

$ the formation o_f a
g il wepaeg e determmef}iiggation turned to pink

Y€ to purpl hich after aci : lor re-
 bown. Tn the absence of alumina s oop e B
» Which turned to yellow on addition s ik A
e found that control tubes were alwaySf ome of the Te-
n:?i"t of the extremely sensitive nature of 8
g r of tests,
Throughout the whole series of a large I u;?;eﬁltered or
Not, 4 single sample that had been mechanica
\\\
"Bacteriologist in charge. tChemist.

one-ha

artificially treated with alum in the laboratory, failed to give
a positive reaction. Further experiments were made to de-
termine if six thicknesses of very fine paper would retain the
hydrate. The filter paper used was Whatman’s No. 5. In
order to get water through the filter a suction pump was
used.

The results of these tests were extremely interesting, as
it was found that the first 50 c.c. of water which had passed
through, showed a considerable decrease in the intensity of
the reaction. The next 50 c.c. gave an increase over the first
50, while after the passage of 200 c.c. little change could be
seen in the filtered and unfiltered solutions.

This clearly pointed to adsorption and the explanation
of this would seem to point to the action being electrostatic.
When positive hydrosols are passed through filter papers
which are negatively charged in contact with pure water,
adsorption of the positively charged hydrosols (colloidal
alumina) and the neutralization of the negative charge of the
filter paper result. When sufficient of the hydrosols have
passed through to render the filter paper neutral, adsorption
no longer takes place and alumina passes through freely in
colloidal form. This explanation is supported by the fact
that a filter paper which has had its negative charge
neutralized by the adsorption of Alions has much less action
than a fresh paper.

A similar experiment was made with the positive colloid
methylene blue (0.5 p.p.m., or a 0.00005% solution). This was
passed through six thicknesses of filter paper and the
color was retained until 1,115 c.c. had passed, after which a
gradual and progressive increase was mnoted. The experi-
ment was continued until 10,065 c.c. (approximately ten
litres) had been filtered, after which it was impossible to dis-
tinguish between the filtered and unfiltered solutions.

Experiments were next made to determine the effect of
variation in the rate of filtration. Water treated with 1
grain per gallon, and mechanically filtered at the rate of 75,-
100,125 and 150,000,000 gallons per acre per day, showed
little change in the alumina reaction. It should be pointed
out here that our observations showed the sand to retain
alum for a considerable period after the application of alum
had ceased, and that frequent backwashing was necessary to
free the sand particles from the hydrate. This experiment
was duplicated using the small laboratory filters, when
similar results were obtained.

Effect of Lime

Further tests were made to determine the effect of the
addition of Ca(OH). to water treated with aluminum sul-
phate. To each sample of raw water one grain of alum was
added plus the molecular equivalent of lime water [1.5 c.c.
of Nx0.04524 Ca(OH). solution] necessary for exact pre-
cipitation. The application was in the following order:—

Series 1.—Water+ Lime-+Alum.
“  2.—Water+Alum+ Lime.
“  3.—(Alum+Lime)+Water.
“ 4 —Water+Alum.
“  b.—Control: Water+ Lime.

The physical effects were first observed and it was seen
that numbers 1, 2 and 4 generally flocced in a similar man-
ner, but that number 3 produced a heavier floc which pre-
cipitated rapidly. The principal reason for making these
tests was to determine if the addition of lime would de-
crease the residual hydrate after filtration. After stand-
ing 30 minutes, all samples were filtered through fine filter



