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NOTE O THE EXAMINATION OF WATER FOR TOWNS,

. FOR ITS HARDNISS, AND FOR THE ENCRUSTATION IT DEPOSITS ON BOILING.
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PRIVATE CIRCULAR.

T

PROFESSOR CLARK TO HIS CHEMICAL FRIENDS.

e e —

_. Armrl-:ms times during the last few years, I have been

applied to for information respecting me I had adopted for
th has almost always

examining Waters for Towns; but ill h
mﬂmt&f me from returning a mtiﬁwlorg)answm-. There
has been recently somewhat more oceasion for such inguiries,
in nence of the Commissionersof Woods and Forests
having been pleased to require, as one of the indispensable
conditions to a Bill for supplying Water to a Town being
presented by them to Parliament, that there shall be given
m reference to the waters already supplied to the town,
as well as in reference to the Watérs proposed to be sup-

“A statement of the guality of th& Water as exhibited by
chemical analysis, specifying its ade®=tion for Domestic and
Manufacturing and "i‘ egree of hardness with
reference to the Tests and Scale of Dr. Clark.”

I take the liberty to write out ome answer to all inguirers;
and, imperfect as I am aware the information must be, I
hope my friends will receive it with such indulgence as is
due to an effort at affording imformation to others by a
person confined to bed by illnessy and unfit for any con-
siderable exertion of mind,

The alluded to for the cxamination of Waters
are two—one for ascertaining the Hardness of Water; one
for ascertaining the Alcalinity.

_ Each of these processes is fully dg<cribed in the Specifica-

tion of a Patent, printed in the her of the Repertory of
Patent Inventions for October, 1841 (Hodson, l’uhlis{e];
112 Fleet-Street, London.) Vol. 16, p. 225.

A water is, indeed, most materiglly affected in its fitness
for domestic uses and munuf_ac n-l__: ijl_‘l_‘l‘!li,'l-."-f.‘s, ]J}-' the lit}grﬁﬂ
of its hardness. But many hard waters have the additional
objection of depositing earthy matter on being boiled. This
ml;lti;fﬁl‘m-‘! an encrustation on the boiler. and fills up tubes
em ed in gl?i].'l Pﬂﬂ.&.ﬂg& h} . ']u_tatg-_&:l water. 1 ﬂ'li#
land of steam-engifﬂa, it need not be 10ld how annoying this
quality is. Not only should the ehewist be able to tell, ay
or no, whether any such deposit will be formed ; but, when
one does oceur, it is desirable to knew Low much altogether,
Bl}d how much of each of the more fmportant kinds of matter,
will be deposited. Now, in the Specification alluded to,
there is no express direction given for obtaining this impor-

tant point of information; because this was not necessary to |

the invention there deseribed; nei r, indeed, had I then
contrived a method for the pu:pom;l But ever since Sep-
tember, 1845, T have been accustomed to derive this infor-
mation the hardness and the alcalinity of the water
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hoiled and unhoiled. To explain the method of deducing
this information, is a pringipal object of the present Note.

Referring to the Specifigation, I begin by deseribing a few
improvements that have heen suggested by experience, since
the Specification was enrolled.

PROCESS FOR ASCERTAINING THE HARDNESS OF WATER.

In June, 1843, having geeasionally before met with some
few specimens of waters, and more especially soft waters
from springs, where the indications of the Soap Test, which
in general are remarkably distinet, were obseure, L disecovered
the cause of this obseurity to be an excess of Carbonic Acid;
that is, an excess over @id above what is necessary to form
alealine or earthy Bicarbnates. This excess has the pro-
perty of slowly decompoging a lather once formed.

For the purpose of guarding against an excess of Carbonic
Acid in all cases, I recommend that before yon measure out
the water for trial, you ghake it briskly in a stoppered glass
hottle half filled with it, sucking out the air from the bottle
at intervals by means of a glass fube, so as to change the
atmosphere in the bottle.

In all trials of waters above 16° hardness, not only shonld
such waters, and the distilled water to be used along with
them in the trials, be treated in this manner, previous to
their being measured out and mixed, but the measured
mixtures themselves should be treated in like manner, before
any Soap Test is added to them. The Soap Test itself
should be occasionally so treated before it is measured out.

To obtain uniform results with the Soap Test, I recom-
mend that as soon as observe that {L{nﬂmr iz formed,
such as will remain all oyer the surface of the water for five
minutes, you take a note, hut only an inferim one, of the
quantity of the Soap Test that has been added. In about half
an hour you shonld shake the bottle again, to see whether the
lather will still remain for five minutes. If the water under
trial do not exceed 4° or 5 of hardness, it is likely to require o
little more Soap Test upon this renewed shaking ; but in every
case where more Soap Test is required, let more be added
to the water. This latter quantity and the former T:El]l
tngnther make up the whole Soap Test that is to determine
the hardness of tjm water under trial.  For hours afterwards,
unless perhaps the water do not exceed 1° or 2¢ of hardness,
a lather lasting for five minutes may be restored by yuur
skaking the phial. This mode of procedure, by producing =
lather whose ence we may repeatedly verify, will
conduce much to the uniformity and accuracy of our trials.



TABLE FOR CONVERTING SOAP TEST MEASURES INTO DEGREFS OF
ARDNESS. |
Ever sinee detecting the fallacy that might ocenr owing :
to an excess of Carbonic Acid, my health has prevented me
from performing such a series of eXperiments as to afford
materials for a table of this kind. Pressed, however, by
the present oceasion, and guided by my former experience,
I have endeavoured to frame, as f a table worthy of
confidence,

g
tained since then by others.

Table of the Soap Test Measures, onding to
100 Test Measures of each Standard gaiuh:g
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When the measures of Soap Test necessary to form a

| tiom, &e.

comparing together unpublished results  ob-

| fall first.
| find a little of this salt, even when the acid has been made

lather, with 100 Test measures of a water, exactly corre-

spond with a standard solution, then the degree of hardness |
will be the corresponding integral number fonnd in the first |

Test will indicate 12° of hard- | solution of Lime Water, or of Bicarbonate of Lime, in distilled

| water, should be of the same degree of Hardness as of Aleal-

eolumn, Thus 249 of Soa
ness; 26-7 of SBoap Test will indieate 132 of hardness.

But if the measures of Soap Test do not exaetly corre-
spond with a number in the first eolumn, the hardness will be
expressed partly by an inw%er, and partly by a fraction.

he integer will be the hardness corresponding to the next
lower number in the Soap Test column,

The sumerator of the fraction will be the excess of the Soap |
Test measures in question above this number. The denomi- |
nator of the fraction will be the corresponding differcnce, which
follows the Soap Test in the next column.

Erxample.—Let 258 be the measures of Soap Test re-
quired by 100 Test measures of a given water.

249 is the next lower number in the Soap Test column. |
Therefore 12° of hardness, the corresponding degree, is the |
integral part of the required hardness.

The numerator of the fraction is 25'8 — 249 — 9, The
denominator is the corresponding difference — 1°8. The |
Sfraction itself is ;% = 5.

The whole hardness, therefore, is 120-5,

FROCEZS FOR ASCERTAINING THE ALCALINITY OF A WATER.

The tests employed are two—Test Paper and the Aecid
Test. Respecting these I have little to add to what is given
in the specification.

Test Paper—The colour should be first separated from
the solid matter of the litmus, by boiling, subsidence, filtra-

The coloured solation thus obtained, being too
weak for use, will require to he concentrated by evaporation.
The colour will then have to be brought to a ting
means of dilute nitric acid, and afterwards applied to the
paper by a flat eamel hair brush, The only paper that I have
found to be sufficiently free from acid or aEHima- impurities,
to he unexceptionable for test paper, is the drawing paper
stamped with the name of Harding,

Acid Test.—TIn purifying Oxalic Aecid, it is desirable to
rejeet a very small crop, eonsisting of such of the erystals as
These, I find, contain Quadroxalate of Potash, I

by means of pure nitric acid and specimens of the best refined
sugar of commerce—a circumstance well worthy of the
attention of chemists engaged in the study of vegetation.

DEGREES OF HMARDNESE AND DEGREEZ OF ALOALINITY EXPLAINED.

Degrees of Hardness—Each degree of hardness indicates
as much hardness as would be produced by one grain of chalk
gallon, held in solution in the form of Bicarbonate of
sime, free from any excess of Carlionie Acid. The of
hardness caused by a lime salt depends, not on the state of
combination of the Caleim it contains, but on the qnantity of
the Caleium. Tf, instead of being in the form of Bicarbonate
of Lime, the Calcium this compound containg were in the
form of Chloride of Calgium, or of Nitrate of Lime, or of
SBulphate of Lime, or even of Lime Water, the Soap Test
destroyed by i, and consequently the degree of hardness
indicated, would be precisely the same.

A qunntigkuf a soluble magnesian salt equivalent to one
grain of Chalk, destroysaiike quantity of p Test, and
consequently indieates one degree of hardness. The same is
the case with Salts of Iron, and Salts of Alumina. Salts of
the Alealies do not produce hardness.

Degrees of Alealinity.—For each degree of Alcalinity that
a water possesses, a gallon of it will require as mueh acid to
neutralise it as one grain of Chalk would require. Hence a

inity. The most usnal canse of Alealinity in water is Bicar-
bonate of Lime ; but Bicarhonate of Magnesia, which canses
hardness, likewise canses Alealinity, and Biearbonate either

| of Soda or of Potash, which does not cause hardness, causes
| Alcalinity. * ;

TO INFER THE DEGREES 0F HARDNESS AND THE DEGREES OF
ALCALINITY FROM AN ORDINARY ANALYSIS.

For Hardness.—Compute the grains of Lime, Magnesia,
oxides of Iron, Alumina, in a gallon of the water, each into
its equivalent of Chalk. The sum of those equivalents will

| be the Hardness of the water,

For Alcalinity—Compute in like mammer, the graing of
Bicarbonates of Lime, Magnesia, Soda, Potash, in a gallon
of the water, each into its equivalent of Chalk. The sam of
those equivalents will be the Alealinity of the water. But
the rosults thus obtained have much less chance to be aceu-
rate than the Hardness and the Alealinity ascertained directly
by means of the Soap Test and the Acid Test. -

* When a Phosphate of Lime is present, as hﬂ]:flﬂ]ﬁ rarely and in
small quantities, it is probable that for every two degrees of hardness
the Phosphate occasions, it will produce only one degree of Aleal-
inity ; that is, all the Lime in the Phosphate will cause hardness;
but one half of it will be neutralised, and only the remaining half
alcaline.



DELICACY OF THE TESTS.

For Hardness.—Suppose the Thames to yield a mean of
14° of Hardness. Carefully conducted experiments shounld
then range between 141 and 13°0 of Hardness. That is
to say, the mean result of more experiments than one should
be within 0™1 of the extremes; and it is to be remembered,
that the Hardness of a water may be ascertained repeatedly
within an hour. But 01 of hardness is equivalent to one-
tenth of a grain of Chalk per gallon; that is, 1 of Chalk in
700 thousand times its weight of water. But as the opera-
tion is performed on only the 70th of a gallon, (1000 grains,)
the whole weight of Hﬂﬂlening ma;ta:rh t];‘at.‘i'wc actually
operate upon in this experiment, is a 70th of 14 grains, that
is, une-ﬁﬂpﬁu of a grain; and the smallest weight ﬁ'ro actually
measure to, is the 70th of the 10th of a grain, that is, the
700th of a grain. I do not remember any process of equal
quantitative delicacy, in the whole range of chemical analysis;
and this one is the more remarkable as it is performed with
Soap Test, previously known as almost the rudest and least
determinate of chemical reagents.

For Alealinity.—If the Thames be at 14° of Hardness, it
would probably yield 181 of Alcalinity. Such a water, if
tried nmordinﬁltn the directions of the Specification, should
%II;ZB 15%1 of Alealinity each time. - The difference between

experiments, if carefully performed, should appear not
on the first, but only on the zecond place of decimals. Now,
since 1° of Alealinity corresponds to one grain of Chalk per
gallon, and since the Acid Test indicates less than 0>1 of
ﬁlcﬂ:n!ﬁ or one of Chalkin 700 thousand of water, we may
safely infer that the Acid Test willmeasure one of Chalk in
1 million of water. Thus we oltaia, for record, even more
aceurate results by the Acid Test than we do by the Soap
Test. Nevertheless, the Soap Test is, in the abstract, the
most delicate ; for, althongh we use nearly the same guan-
tity of each test, yet, in the case of the Acid Test, we act on
the eighth of a gallon ; whereas, in the case of the Soap Test,
we act on only the 70th of a gallon.

HOW TO MAKE THE FOREGOING PROCESSES AVAILABLE FOR ABCER-

TAINING THE QUANTITY OF ENCRUSTATION TIE WATER DEPOSITS | . : =S .
B | Hardness: perhaps, indeed, it should be given in the Appendix

ON BOTLING.
For this ﬁurpnae, the points to be ascertained are,—
1. The Hardness and the Alealinity of a given water,
unboiled.

2. The like particulars of the same water, after being
boiled, without loss of steam for at least 2} hours, and then
cooled, and (if necessary) filtered.

From these indications, the weight per gallon of earthy
Wt formed by hoiling, if there be any, is deduced as

WE.—
h = hardness of unhoiled.
Let <= « v boiled.
h— & = H, that is, degrees of Hardness lost by

hoiling, oceasioned by the precipitation of
earthy salts, which may be either alealine
or neutral, or partly both.

e ———— e e

—

al= e » heiled.

a— a' = 4, that is, degrees of Alealinity lost by
boiling, oceasioned by the precipitation
of alcaline earthy =alts,

Nore.—Observe that M is equal to A only in the

case where all the precipitate is Chalk and Carbonate
of Magnesia, which is but seldom the case.

a = alealinity of unboiled.
Liet

H — 4 = Bo much of the hardness lost by hoiling, as is
produced by the precipitation of neutral
earthy salts.

(H— A4)x 186 = B, that is, the above neutral earthy

salts, ealeulated as dried Sulphate of
Lime, in grains per gallon,

Collected and represented in a Report, thus—

Hardness of the an;ur {g:i]fzicd’ o AT S
Deposit by boiling, in grains, per gallon,—
Alealine earthy salts; ealenlated as Chalk, . .
Neutral earthy salts, calculated as dried Sul-
phate of Lime, . &% . . . . . :

A

*

Total, . A+ B

Unboiled. . . .
Boiled 5. b
When the alcalinity is enly 1° or 27 it iz not worth while

Alealinity of the water {

.boiling the water, as hargly any precipitation will take place,

If you cannot conveniently arrange o as to boil the water
without loss of steam, I rccommend that you boil it with as
little loss as possible, and, when the water has cooled, that
g-:m miake np the loas in weight of the vessel and its contents,

y adding distilled water. Mere boiling enuses one change
on the saline contents of the water. Boiling with evapora-
tion causes an additional change.

I recommend that the Alcalinity of a water be always
stated by itself in a Report; that is, not mixed up with the

to the Report; for persons not familiar with Chemistry are
apt to be puzzled about the Alealinity, whereas the degree of
Hardness and weight of deposit per gallon, almost never give
them any difficulty. But the Alealinity should not be alto-
gether omitted from the Report, as the statement of it iz
necessary for a eomparizon of the results obtained by different
Chemists.

It will be for others to decide whether the ascertaining of
the quantity of the deposit that a water forms on boiling,
should or should not form a part of the Chemical Analysis
serving to specify “its adaptation for domestic and manu-
facturing purposes,” as requived by the Commissioners of
Woods ﬂm{] Forests.

T. C.

2 Amgyre PrLack,
Rorusay, Iste or Bore, 2o0h February, 1847,







