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Amendment No. 1, published 22 May, 1953
to B.S. 1170 : 1947

Treatment of water for marine boilers

Revision

Pgge 12, third paragraph.
Amend to read as follows :—

‘ When condenser tubes require cleaning, the steam side should be
cleaned by circulating a cold or reasonably warm solution of a suitable
detergent or a low boiling point grease solvent. Solvents and acids
should be used only under skilled supervision.

Violent °boiling-out’ may have harmful effects and strongly
caustic solutions may attack both the metal and the packing of the
tubes.

If organic solvents are used in enclosed spaces, special care is
required owing to industrial toxicity hazards and the possibility of
fire and/or explosion risks. .

The water side of condensers should normally be cleaned by
¢ jetting through.” When heavily scaled, the water side may be cleaned
by acid containing an inhibitor, although the use of acid is not recom-
mended for any of the varieties of brass tubes. Use of grease solvents
or acids should be carried out under skilled supervision.’
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B.S. 1170 : 1947

Trs BRITISH STANDARD, having been approved by the
Mechanical Industry Committee and endorsed by the
chairman of the Engineering Divisional Council, was
published under the authority of the General Council
on 31st December, 1947,

In order to keep abreast of progress in the industries
concerned, British Standards are subject to periodical
review. Suggestions for improvements will be recorded
and in due course brought to the notice of the committees
charged with the revision of the standards to which they

refer.

A complete list of British Standards, numbering over one
thousand, indexed and cross-indexed for reference,
together with an abstract of each standard, will be found
in the Institution’s Yearbook, price 2s. 0d. post free.

British Standards are revised, when necessary, either by the
issue of amendment slips or revised editions. It is important
that users of British Standards should ascertain that they are
in possession of the latest amendments or edition.

Users wishing to be kept infor}ned of any alteration to this
standard should notify Publications Sales Department of the
Institution, giving the number and title of the standard.

MEE/[72/3

P.D. 747

BRITISH STANDARDS INSTITUTION
28 VICTORIA STREET, WESTMINSTER, LONDON, S.W.I

{Extracted from B.S. 1170 : 1947, * Treatment of water for marine boilers’)
DATA SHEET 1

Treatment of Water for Marine Boilers (Water-tube and Scotch)
with make-up feed consisting of :
evaporated sea water or evaporated fresh water
or
unevaporated soft fresh water with total hardness less than 70 parts
per million, i.e., 5 grains per Imperial gallon, as calcium carbonate

NOTE. The treatment recommended will completely remove all existing scale in addition
to preventing scale formation, and before such treatment is introduced in the case of
Scotch marine boilers careful consideration should be given to their age and general

condition. Complete removal of existing scale will, in some instances, result in serious .

leakages, which may be exceedingly difficult to remedy.

I. GENERAL

1. Use the purest water obtainable and store in clean tanks. If possible
avoid storing either sea or estuary water. If these have been stored in the
tanks, wash the tanks out before storing fresh water. Unevaporated fresh
water is not recommended for initial filling or as the make-up for water-
tube boilers, if this can be avoided ; water-tube boilers should, where
possible, use evaporated water. :

2. When contamination by oil or sea water occurs, seek the source and if
possible stop it.

3. Reduce all steam losses to a minimum.

4. Keep the oxygen content of the feed water as low as possible, by main-
taining a vacuum and keeping glands tight.
5. Test the feed water regularly for chlorides.

6. Add make-up water to the feed system only through the condensers.

Il THE MIXTURE FOR BOILER WATER TREATMENT
Use a ready-made standard chemical mixture of sodium carbonate, sodium
phosphate and, when prescribed, a coagulant.* Such a mixture should con-
tain not less than 20 per cent of P,0; and a recommended mixture when a
coagulant is used contains 39 per cent anhydrous sodium carbonate (soda ash)
and 48 per cent anhydrous disodium phosphate (normal commercial grades),
the remainder being coagulant. Keep the mixture in air-tight containers.

+ The use of certain coagulants in combination with chemicals may be covered by pateﬁts.

1
Price 6d., post free.
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III. QUANTITY OF MIXTURE TO BE ADDED

When first filling the boiler, use 1 Ib. of mixture to each ton of water.

Make further additions of the mixture while steaming to maintain the

alkalinity within the recommended range given in Section VII, 1.

NOTE. One pound of mixture added for every one ton of water in the boiler should
increase the alkalinity by approximately 150 p.p.m. (0-3 per cent normal alkalinity).
Hardness, if found in the boiler water, should be eliminated by the addition of small extra:
quantities of the mixture, taking care not to exceed the upper alkalinity limit.

IV. METHOD OF ADDING MIXTURE

. Weigh out the required amount of mixture and dissolve in very hot water

(not salt water), using at least 14 gallon water for every 1 lb. of mixture.
Stir well for five minutes.

. When first filling, put the solution into the boiler through the manhole.

3. When steaming, pump the solution into the boiler by the shortest possibie

route.

Y. SAMPLING OF BOILER WATER

. Clean the sampling cock externally and flush out to aveid contamination

of sample,

2. Draw the sample into a clean vessel.

3. Do not take samples :

—
.

a. until at least four hours after steam has been raised.
b. immediately after addition of the treatment mixture.

VI. TESTS ON SAMPLE (USING KIT DETAILED IN SECTION IX)

Alkalinity test (alkalinity to phenolphthalein (P) ).
Measure 100 ml. of the sample in the graduated cylinder : pour into

the porcelain dish or casserole and add 10 drops of phenolphthalein -

indicator solution. If the sample is clear and has no pronounced colour
of its own and if no pink colour appears on the addition of phenolphtha-
lein, the (P) alkalinity is nil. Assuming that the pink colour is quite definite
on the addition of 10 drops of phenolphthalein (as it should be in a boiler
water which has been correctly treated) run in Nf10 sulphuric acid from
the burette stirring all the time until the pink colour is discharged. Record
the number of ml. of N/10 sulphuric acid used as the result of the alkalinity
test.
The alkalinity (P) =
ml. of N/10 acid x 50 p.p.m. in terms of CaCOs.

The sample of water which has been used for the alkalinity test is
then used for the chloride test detailed in item 2.

2

2. Chloride test (Cl)

To the whole of the sample remaining from the a]kahmty test add
about 0-2 ml. more of the N/10 acid, then add at least 20 drops of the
potassium chromate solution and add the standard silver nitrate solution*
from the burette, stirring well all the time, until the yellow colour just turns
to a reddish brown tinge. -

Calculation of result.
a. If Nf35-5 silver nitrate solution is used,
chloride content = ml. of N/35-5 silver nitrate x 10 p.p.m. as Cl.
b. If Nf3-55 silver nitrate solution is used,

chloride content = ml. of N/3-55 silver nitrate X 100 p.p.m. as CL.
NOTE. p.p.m. Cl x 1-65 = p.p.m. NaCl (sodium chloride).

3. Dissolved solids test

Hydrometers manufactured specially for testing boiler water containing
more than 1000 p.p.m. of dissolved solids are available from certain
suppliers of chemical apparatus, together with instructions for their use.

When evaporated sea water is being used as ‘make-up * an approximate
indication of the dissolved solids content can be obtained by multiplying
the chlorides (Cl) content of the boiler water by 4-0. This method of
calculation is not applicable when the * make-up’ is derived from some
source other than sea water. In such cases, when the dissolved solids
content is below 1000 p.p.m. the only feasible method for use aboard ship
is to determine the conductivity of a sample of boiler water by a suitable
instrument and from this to calculate the dissolved solids content. Suitable
instruments for this purpose can be purchased and the makers’ instructions
must be strictly followed.

h

Hardness test {H)

Measure 100 ml. of the sample in the graduated cylinder and pour into
the glass-stoppered bottle. Add Wanklyn’s soap solution from the burette,
0-2 ml. at a time, shaking vigorously after each addition until a lather is
obtained which persists for five minutes when the bottle is laid on its side.
From the burette reading deduct the lather factor, multiply the difference
by 10 and record as hardness.

* For boiler waters which contain less than 480 p.p.m. of Cl use N/35-5 silver nitrate
solution. For boiler waters which contain 480 or more p.p.m. of CI use N/3-55 silver
nitrate solution.

T The lather factor is the amount of soap solution required to produce a lather which
persists for five minutes with 100 mi. of distilled water free from carbon dioxide. If
the exact lather factor is known for any batch of soap solution, it should be used, as it is
frequently less than the 1-0 (one) ml, normally assumed.

|
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VII. RECOMMENDED LIMITS OF THE TREATMENT

1. Alkalinity. The amount of standard acid used in the alkalinity test
(Section VI, Test 1) should lie within the following limits :—
l [ Alkalinity range
Gl i e e I

\ us:d L__In germs ot CaCQ, _[ Normal

__ ‘ Gr/Tmp. gal. | p.p.m. per cent
Equivalents T ok e 010
e ‘ e B |1z ‘ e

35 1225 | 175 i 0-35
Recommended range { 4% ‘ Jacx L 7 5 ‘ A
Maxtmum e D ‘ 250 | 050

2000 p.p.m. ; if the

NOTE. This is the range
dissolved solids exceed 20

CaCO, should be increased by 125 p.p.m. for every a
but the alkalinity should never exceed 1000 p.p.m.

solids,
mountings.

2. Chlorides.

a. Boiler water. Keep the sodium
well below the maximum recommen

(120-480 p.p.m.
p-p.m. of Cl for

of alkalinity values for dissolved solids up to
ty to phenolphthalein in terms of

dditional 1000 p.p.m. of dissolved

00 p.p.m., then the alkalini

to avoid corrosion of brass

chloride content as low as possible and
ded by the boiler manufacturers.

of Cl for various types of water-tube boilers ; 3600*

Scotch marine boilers.)

b. Condensate. Condensate should not contain any chloride.

3. Dissolved solids.

figure recommended by the boiler ma

maximum is 15 000* p.p.m.
4. Hardness. Keep the hardness at zero.

The dissolved solids should'nct exceed the maximum
nufacturers. For water-tube boilers

this lies between 500 and 2000 p.p.m. For Scotch marine boilers a suitable

VIII. PRESERVATION OF IDLE BOILERS

1. When boilers are emptied, dry them out and 1

trays of quicklim

2. When boilers are laid up for short perio
feed tanks and add the following chemic
they are well distributed in the boiler water :—

care that

emove all deposits. Place

o in the drum and seal up the boilers.
ds, completcly fill with water from
als dissolved in hot water, taking

Standard boiler mixture 1 1b/ton of water

Anhydrous sodium sulphite

and

(or crystalline sodium sulphite, 1j2 1b/ton

3, Boilers containing water treated as abo

change of water.

* With evaporated mak
much lower ; however,

these figures denote the maximum whic

e-up and tight condensers the fig
if sea-water leakage or evapord

4

14 1b/ton of water

of water).

ve may be flashed up without

ures in actual practice will be
tor carry-over is experienced,

h the boilers are expected to carry without priming.

IX. KIT OF APPARATUS AND REAGENTS
(For carrying out tests described in Section Vi)

It is recommended that 3 kit be

and apparatus :— provided containing the following reagents

Reaﬁents require;d (prepared from chemica
2 I:,:10 sulphuric acid solution. i
enolphthalein, 1 per cent solution i .
it : olution in alcoh
Is\ff35 5 (or N/f3:55) silver nitrate solution. 5
per cent potassium chromate aqueous solution

“"a l{]. S 504 S()lutl{)ll alla].y t]ca] reagen l.lal ap 1s t av 11 e}
: ( ) ag t 1ty S0 p not ava, abl .

Is of analytical reagent quality).

Apparatus required.
i (11?0 ml. graduate-f:l measuring cylinder,
: dropp?ng—bottle for phenolphthalein solution. .
o hc;fep;iu%-gntﬂe for potassium chromate solu:rion
at-bottomed casserole or in di .
: : ; porcelain dish, capacity
1 }3 1;[1]1 automatic burette for N/10 sulphuric acid Ezf&tt} By
ml. automatic burette (amber) for N/35-5 b
solution. £t
1 10 ml, automatic bu
5 urett :
] ¢ for Wanklyn’s soap solution.
1 10 cm. filter funnel.
Filter papers 15 cm. di
: . diameter.
Filter stand. .
1 8 oz. cylindrical
- ¢ glass-stoppered
i sensitive hydrometer. - PR
hydrometer jar Y Th
ydrom ese should be suitable f i
1 thermometer hydrometer being used. i)

N/3-55 silver nitrate

h the particular
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B.S. 1170 : 1947. * TREATMENT OF WATER FOR
MARINE BOILERS’

B.S. 1170, from which this data sheet has been ex-
tracted, is a comprehensive treatise giving detailed
descriptions of three methods of water treatment,
according to whether the boiler water is made up of
(1) evaporated sea water or fresh water or unevapomted
soft fresh water of hardness not exceeding 70 p.p.m. ;
(2) unevaporated fresh water of hardness exceeding
70 p.p-m. and (3) unevaporated sea water. It also
includes a section on engineering factors to provide
some” guidance on the control and maintenance of
equipment which, if faulty, is likely to cause contamina-

tion of boiler water.

This publication may be obtained from the British
Standards Institution, 28 Victoria Street, London,
S.W.1, price 10s. 6d. post free.

P.D, 748

BRITISH STANDARDS INSTITUTION
28 VICTORIA STREET, WESTMINSTER, LONDON, S.W.l

(Extracted from B.S. 1170 : 1947. * Treatment of water for marine boilers”)

DATA SHEET 2

Treatment of Water for Marine Boilers (Water-tube and Scotch)
with make-up feed consisting of :

unevaporated fresh water with total hardness exceeding 70 parts

per million, i.e., 5 grains per Imperial gallon, as calcium carbonate

NOTE. The treatment recommended will completely remove all existing scale in addition

to preventing scale formation, and before such treatment is introduced in the case of
Scotch marine boilers careful consideration should be given to their age and general

condition. Complete removal of existing scale will, in some instances, result in serious

leakages, which may be exceedingly difficult to remedy.

I. GENERAL

1. Use the purest water obtainable and store in clean tanks. If possible
avoid storing either sea or estuary water. If these have been stored in the
tanks, wash the tanks out before storing fresh water. Unevaporated fresh
water is not recommended for initial filling or as the make-up for water-
tube boilers, if this can be avoided ; water-tube boilers should, where
possible, use evaporated water. i

2. When contamination by oil or sea water occurs, seek the source and if
possible stop it.

3. Reduce all steam losses to a minimum.

4. Keep the oxygen content of the feed water as low as possible, by main-
taining a vacuum and keeping glands tight.

5. Test the feed water regularly for chlorides.

6. Add make-up water to the feed system only through the condensers.

II. RECOMMENDED CHEMICALS FOR TREATMENT

The chemicals recommended are sodium carbonate (soda ash) and sodium
phosphate with a coagulant* (optional).

Keep the chemicals in air-tight containers and see that they are always
properly labelled.

I, QUANTITY OF CHEMICALS TO BE ADDED

1. Starting-up dose when filling the boiler.
The amounts of the different chemicals to be used wﬂl depend on the
quality of the fresh water. Obtain instructions before sailing for the
starting-up dose from the suppliers of the chemicals who will calculate the

* The use of certain coagulants in combination with chemicals may be covered by patents. -

1

Price 6d.. post free.

1
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2,
3.

1.

quantities required according to the analysis of the fresh water likely to
be used.

. Make further additions of sedium carbonate while steaming to maintain

the caustic alkalinity within the recommended range given in Section VII, 1.

. Make further additions of phosphate while steaming to maintain the

phosphate reserve within the limits given in Section VII, 5.

IV. METHOD OF ADDING THE CHEMICALS

. Calculate and weigh out separately the required amounts of chemicals.
. Dissolve the sodium carbonate in hot water and add the coagulant if

used. Stir well for at least five minutes.

. Dissolve the sodium phosphate in cold water and stir well.
. When first filling pour the solution into the boiler through the manhole.
. When steaming, pump each solution into the boiler by the shortest

possible route. If pumped directly into the boiler, flush out the pipe line
with clean cold water after each addition.

V. SAMPLING OF BOILER WATER

. Clean the sampling cock externally and flush out to avoid contamination

of sample.

Draw the sample into a clean vessel.

Do not take samples :

a. until at least four hours after steam has been raised,
b. immediately after addition of the treatment chemicals.

VI. TESTS ON SAMPLE (USING THE KIT DETAILED IN SECTION VIIL)

Caustic alkalinity test

Measure 100 ml. of the sample in the graduated cylinder, pour into
the porcelain dish or casserole, add 10 ml. of 10 per cent neutral barium
chloride solution and add 10 drops of phenolphthalein solution. If the
sample is clear and has no pronounced colour of its own and if no pink
colour appears on the addition of phenolphthalein the caustic alkalinity
is nil. Assuming that the pink colour is quite definite on the addition of
10 drops of phenolphthalein (as it should be in a boiler water which has
been correctly treated) run in N/10 sulphuric acid from a burette stirring
all the time until the pink colour is discharged. Record the number of ml.
of N/10 sulphuric acid used as the result of the caustic alkalinity test,

On standing the pink colour will return, but this should be disregarded.

\ 5
NOTE. The caustic alkalinity =ml. of N/10 sulphuric acid x 50 p.p.m. in terms of CaCO,;.

e A

.

2

Chloride test

Measure 100 ml. of the sample in the graduated cylinder, pour into the
porcelain dish or casserole and add 10 drops of phenolphthalein indicator
solution. Run in N/10 sulphurlc acid from the burette stirring all the
time until the pink colour is discharged then add 0-2 ml. excess. Add at
least 20 drops of the potassium chromate solution. Run in the standard
silver nitrate solution* from the burette stirring well all the time until the
yellow colour just turns to a reddish brown tinge.

Caleulation of result. :
a. If NJ35'5 silver nitrate solution is used,
chloride content = ml. of N/355 silver nitrate X 10 p.p.m. as CL.

b. If NJ3-55 silver nitrate solution is used,
chloride content = ml. of N/3-55 silver nitrate x 100 p.p.m. as CL

NOTE. p.p.m. Cl x 1:65= p.p.m. NaCl (sodium chloride).

3

Dissolved solids test

Hydrometers manufactured specially for testing boiler waters containing
more than 1000 p.p.m. of dissolved solids are available from certain
suppliers of chemical apparatus, together with instructions for their use.

When the dissolved solids content is below 1000 p.p.m. the only feasible
method for use aboard ship is to determine the conductivity of a sample
of boiler water by a suitable instrument and from this to calculate the
dissolved solids content. Suitable instruments for this purpose can be
purchased and the makers’ instructions must be strictly followed.

Phosphate test

Take a 50 ml. sample of boiler water (hot if poss1b]e) and add approxi-
mately 4 g. of potassium nitrate crystals (one level measuring- spoonful)
shake and filter until absolutely clear. Then take 25 ml. of the clear bright
filtrate (which must be between 38° and 40°C. in order that the test may
work properly) in the clean test-tube (see Note 2 on p. 4), add to it by
means of the Ostwald-Folin pipette 5 ml. of the molybdate reagent, shake
and allow to stand for exactly two minutes. View in a reasonably good
light against a black background.

If any cloudiness is apparent, then the concentration of phosphate is
too high ; it will be greater than 70 p.p.m. of PO,.

If no cloudiness is apparent, allow the sample to stand for a further
three minutes ; view again as before. A definite cloudiness now indicates
correct treatment.

If, however, the sample is still clear after this total of five minutes,
then the boiler water contains insufficient phosphate reserve ; less than
20 p.p.m. PO,.

* For boiler waters which contain less than 480 p.p.m. of ClI use N/35-5 silver nitrate
solution. For boiler waters which contain 480 or more p.p.m. of Cl use Nf3-55 silver
nitrate solution,

B |
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The proper amount of phosphate reserve is present when the cloudiness
just begins to appear after two minutes and is a definite cloudiness (without
excessive precipitate) after five minutes.

NOTEdl A yellow coloration without cloudiness may be due to silica and should be
ignore

NOTE 2. It is preferable that the test-tube should stand in a Water-bath at 38° to 40°C.
and its contents be allowed to attain this temperature before the addition of the molybdate
reagent. The molybdate reagent must be quite free from suspended material and, if
necessary, should be filtered just before use as it is essential for the best results that all
solutions shall be perfectly clear before the mixing takes place.

NOTE 3. Any vellow precipitate which becomes attached to the walls of' the test-tube
may be readily removed by washing with a little dilute sodium hydroxide (caustic soda),
sodium carbonate solution (washing soda), or dilute ammonia followed by distilled water.

VII. RECOMMENDED LIMITS OF THE TREATMENT

1. Caustic alkalinity, The amount of standard acid used in the alkalinity test
(Section VI, Test 1) should be within the following limits :—

Caustic alkalinity range
Ml acid In terms of CaCOy,
uvsed R, ! Normal
; per cent
Gr/Imp, gal. p.p.m.
Equivalents I'O_ i 35 _ 50 0-10
Minimum 20 T 100 020
R ded 25 875 125 0-25
CLOmmen et nEe 35 12-25 175 035
Maximum 4-0 14-0 200 0-40

NOTE. This is the range of alkalinity values for dissolved solids up to 2000 p.p.m. ;
if the dissolved solids exceed 2000 p.p.m., then the caustic alkalinity in terms of CaCO,
should be increased by 100 p.p.m. for every additional 1000 p.p.m. of dissolved solids,
but the alkalinity should never exceed 850 p.p.m. to avoid corrosion of brass mountings.
2. Chlorides.

a. Boiler water. Keep the sodium chloride content as low as possible and
well below the maximum recommended by the boiler manufacturers.
(120-480 p.p.m. of Cl for various types of water-tube boilers ; 3600*
p.p-m. of Cl for Scotch marine boilers.)

b. Condensate. Condensate should not contain any chloride.

3. Dissolved solids. The dissolved solids should not exceed the maximum
figure recommended by the boiler manufacturers. For water-tube boilers
this lies between 500 and 2000 p.p.m. For Scotch marine boilers a suitable
" maximum is 15 000* p.p.m. :

* With evaporated make-up and tight condensers the figures in actual practice will be
much lower ; however, if sea-water leakage or evaporator carry-over is experienced, these
figures denote the maximum which the boilers are expected to carry without priming.

4

' -

4, Hardness. Keep the hardness at zero.

5. Phosphate. Keep the phosphate reserve (expressed as p.p.m. PO,) between
20 and 70.

VIII. PRESERVATION OF IDLE BOILERS

1. When boilers are emptied dry them out and remove all deposits. Place
trays of quicklime in the drum and seal up the boilers.

2. When boilers are laid up for short periods, completely fill with water from
feed tank and add the following chemicals, dissolved in hot water, taking
care that they are well distributed in the boiler water :

Anhydrous sodium carbonate (soda ash) 3 Ib/ton of water
(or washing soda, 34 Ibjton of water)
and
Anhydrous sodium sulphite %4 Ib/ton of water

(or sodium sulphite crystals, 1o Ibjton of water)

3. Boilers containing water as treated above may be flashed up without
change of water but an appropriate amount of sodium metaphosphate
should be added and adjusted in accordance with Section III, 3.

IX. KIT OF APPARATUS AND REAGENTS
(For carrying out tests described in Section VI)

It is recommended that a kit be provided containing the following reagents
and apparatus :—

Reagents required (prepared from chemicals of analytical reagent quality).
10 per cent neutral barium chloride (aqueous solution).

N/10 sulphuric acid,

Phenolphthalein, 1 pér cent solution in alcohol.

N/35-5 (or N/3-55) siiver nitrate solution.

5 per cent potassium chromate aqueous solution.

Potassium nitrate crystals.

Pure distilled water (not condensate).

Molybdate reagent, prepared as follows :—

Dilute 100 ml. concentrated ammonia (0-880 sp. gr.) with 200 ml. cold
water and introduce slowly while stirring 80 g. ammonium molybdate.
Continue stirring until the molybdate is dissolved and then filter. Dilute
400 ml. concentrated nitric acid with 900 ml. water and cool. Add the
first solution to it from a dropping-funnel, keeping the nitric acid stirred
continuously. Gradually reduce the rate of addition, and before running
in the last 30 ml. cool the mixture thoroughly. Finally add about 0-02 g.
disodium phosphate (anhydrous) dissolved in a few ml. of water and allow
to stand overnight. Filter and add 60 ml, concentrated nitric acid,

5
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Apparatus reduired— 3

g g Sy

1
1

100 ml. graduated measuring-cylinder.

dropping-bottle for phenolphthalein solution.

dropping-bottle for potassium chromate solution.

white flat-bottomed casserole or porcelain dish, capacity approx. 200 ml.
10 ml. automatic burette for N/10 sulphuric acid solution

10 ml. automatic burette (amber) for N/35:5 (or N/3-55) silver ﬁitrate ;

solution.
stirring rod.
10 cm. glass filter funnel.

Filter papers 15 cm, diameter.
Filter stand.

e e e

sensitive hydrometer.

hydrometer jar These should be suitable for use with the particular

thermometer required for the phosphate test.

measuring-spoon (volume, approx. 4 ml.).

5 ml. Ostwald-Folin pipette.

in. X 6 in. test-tube,

beaker (approx. 600 ml.) for use as a water-bath

hydrometer being used. The thermometer will be

B.S. 1170 : 1947. < TREATMENT OF WATER FOR
'~ MARINE BOILERS’ :

B.S. 1170, from which this data sheet has been ex-

tracted, is a comprehensive treatise giving detailed

descriptions of three methods of water treatment,

according to whether the boiler water is made up of

(1) evaporated sea water or fresh water or unevaporated
soft fresh water of hardness not exceeding 70 p.p.m. ;
(2) unevaporated fresh water of hardness éxceeding
70 p.p.m. and (3) wunevaporated sea water. It also
includes a section on engineering factors to provide
some guidance on the control and maintenance of
equipment which, if faulty, is likely to cause contamina-
tion of b-oilér water.

This publication may be obtained from the British

Standards Institution, 28 Victoria Street, London,

S.W.1, price 10s. 6d. post free.
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BRITISH STANDARDS INSTITUTION
28 VICTORIA STREET, WESTMINSTER, LONDON, S.W.I

{Extracted from B.S. 1170 : 1947, * Treatment of water fbr marine boilers’)
DATA SHEET 3

Treatment of Water for Scotch Marine Boilers
using unevaporated sea water as make-up
' or :
emergency for water-tube boilers when the feed is contaminated
by sea water to the extent that the density of the boiler water
is in excess of half a thirty-second

Es

L. GENERAL ;
1. When contamination of the feed water by oil occurs, seek the source and if
possible stop it.
2. Reduce all steam losses to a minimum.

3. Keep the oxygen content of the feed water as low as possible by main-
taining a vacuum and keeping glands tight.

II. RECOMMENDATIONS

a. To minimize the amount of sea water make-up, blowdown should not
be resorted to until the water in the boiler approaches 4/32nds density.

b. The density must not be allowed to exceed 4/32nds, because at higher
densities there is always the liability of crystallization of common salt
(sodium chloride) and other salts dissolved in the boiler water. Density tests
should be carried out at least once each watch,

c. The water should be kept alkaline to phenolphthalein (see Section I1I,
2b). ;

III. CHEMICAL FOR MINIMIZING SCALE FORMATION AND CORROSION
1. The chemical recommended is sodium carbonate (soda ash). '

2. Quantity of soda ash to be added
a. When first filling the boiler add 1 1b. of anhydrous sodium carbonate
(soda ash) for each ton of water in the boiler.
b. When steaming add 1 1b. of soda ash to each boiler if the water is
found by the alkalinity test as described in Section IV, 2 to be deficient
in alkalinity.

Price 6d., post free.
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3.

Method of adding soda ash

Dissolve 1 1b. soda ash in half a bucket of hot water and add the
solution to the float tank or the hot well or at some other convenient
point in the system.

IV. TESTS ON SAMPLES
Density test. (Salinomster test using standard Board of Trade salino-

. meter.*)

The den51ty shall be determined by means of the Board of Trade
salinometer according to the instructions supplied Wl:ﬁh the instrument.

. Alkalinity test

A phenolphthalein-paper test for alkalinity of the boiler water should
be made at the time the density is taken. Altcrnatwely, a few drops of
one per cent phenolphthalein solution should be added to the sample of
the boiler water and if the boiler water is correctly alkaline the solution
will turn pink. The test should be repeated at intervals of an hour and
the treatment repeated after each test until samples of the water from each
boiler turn phenolphthalein pink.

V. PRESERVATION OF IDLE BOILERS

When boilers are emptied dry them out and remove all deposits. Piace
trays of quicklime in the drum and seal up the boilers. .~

When boilers are laid up for short periods, completely fill with water from
feed tank and add the following chemicals, dissolved in hot water taking

~ care that they are well distributed in the boiler water :

2,

Anhydrous sodium carbonate (soda ash) % Ib/ 'ton of water
(or washing soda 1 Iblten aof water)
and
Anhydrous sodium sulphite 34 1b/ton of water
(or sodium sulphite crystals, V2 Ibjton of water)

. Boilers containing water treated as above may be flashed up without

change of water. -

VI. SAMPLING OF BOILER WATER

. Clean the sampling cock externally and flush out to avoid contamination

of sample.
Do not take samples until 1 hour after the addition of soda ash.

#* Circular 1673 Board of Trade Mercantile Marine Department,

3
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B.S. 1170 : 1947, ‘ TREATMENT OF WATER FOR
MARINE BOILERS’

B.S. 1170, from which this data sheet has been ex-
tracted, is a comprehensive treatise giving detailed
descriptions of three methods of water treatment,
according to whether the boiler water is made up of
(1) evaporated sea water or fresh water or unevaporated
soft fresh water of hardness not exceeding 70 p.p.m. ;
(2) unevaporated fresh water of hardness exceeding
70 p.p.m. and (3) mevap&rared séa water. It also
includes a section on engineering factors to provide
some guidance on the control and maintenance of
equipment which, if faulty, is likely to cause contamina-
tion of boiler water.

This publication may be obtained from the British
Standards Institution, 28 Victoria Street, London,

S.W.1, price 10s. 6d. post free.
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CO-OPERATING ORGANIZATIONS

The Mechanical Industry Committee, under whose supervision
this British Standard was prepared, consists of representatives
from the following Government departments and scientific and
industrial organizations :

*Admiralty
Crown Agents for Colonies y
*Department of Scientific and Industrial Research
High Commissioner for India
Home Office
Ministry of Supply
*Ministry of Transport
*Ministry of Works
War Office P
Agriculiural and Road Machinery Manufacturers’ Association
Association of Consulting Engineers (Incorporated)
*British Chemical Plant Manufacturers’ Association
British Compressed Air Societ L5
British Electrical and Allied Manufacturers’ Association
British Engineers’ Association
*British Iron and Steel Federation :
British Marine Oil-Engine Manufacturers’ Association
Engineering Insurance Companies
*Institute of Marine Engineers
Institute of Petroleum
Institution of Automobile Engineers
Institution of Civil Engineers
*Institution of Gas Engineers
Institution of Heating and Ventilating Engineers
*Institution of Mechanical Engineers
Institution of Production Engineers
Internal Combustion Engine Manufacturers’ Association
Locomotive Manufacturers’ Association
Machine Tool Trades Association _
#*Railway Companies of Great Britain

The Government departments and scientific and industrial
organizations marked with an asterisk in the above list, together
with the following, were directly represented on the committee
entrusted with the preparation of this British Standard :

Government Laboratory -

National Physical Laboratory

Association of Shell Boiler Makers

Association of British Chemical Manufacturers
British Corporation Register of Shipping and Aircraft
British Launderers’ Research Association

British Trawlers Federation Ltd.

Director of Merchant Ship Re{:sairs:, Admiralty ]
Incorporated Association of Electric Power Companies
Individual Boiler Manufacturers

Individual Chemical Manufacturers

Individual Water Treatment Firms

Institute of Chemistry of Great Britain and Ireland
Institute of Fuel

Institute of Naval Architects

Institution of Chemical Engineers

Institution of Electrical Engineers

Liverpool Steamship Owners® Association

Lloyds Register of Shipping

Shipping Companies .
Society of Consulting Marine Engineers and Ship Surveyors
Society of Laundry Engineers and Allied Trades Ltd.
Society of Public Analysts and other Analytical Chemists
Water Pollution Research Laboratory, D.S.LR.

B.S. 1170 : 1947

BRITISH STANDARD FOR

TREATMENT OF WATER FOR
MARINE BOILERS
(WITH A SECTION ON ENGINEERING FACTORS)

FOREWORD

‘ Thjs British Standard Code of Practice is intended as an introduction to

water treatment for marine boilers.

Severe conditions imposed by the war caused trouble and delay,
particularly to cargo steamers, owing to leaky tubes and distorted furnaces.
The defects were largely due to accumulation of scale which resulted from

- greater length of voyages, lessened facilities and time for repairs and removal

of scale, and local dearth of replacement tubes, especially at ports abroad.
At the request of Lloyds Register of Shipping a sub-committee of the

British Standards Institution was appointed to consider if greater attention to
well-established principles of boiler managemént combined with chemical
treatment of boiler water on modern lines could be recommended to remedy,
or at least reduce, these troubles. The results of this enquiry are included in
this code under two heads, namely :—

a. Engineering factors

b. Chemical factors

_ Imstructions are given which should cover all normal working conditions.
Abnormal conditions, and other peints of interest are left to discussion with
specialists. :

The present code describes that method of boiler water treatment by
which the scale- and corrosion-forming salts are destroyed by alkaline
reagents, with or without the use of an organic coagulant, as may be
considered necessary. 1

It does not yet include methods by which organic compounds are used
alone under certain operating conditions.

. Three methods of water treatment are prescribed (see clauses 43-62).

Abbreviated instructions for these three metheds are given in the form of
data sheets in an appendix. (Appendix E.) |

These data sheets, threein number, are also published separately™ for ready
reference and in order that the engineer may select, for the everyday use of
his staff, the data sheet describing the method of treatment applicable to th
particular type of boiler under his charge. ;

GENERAL
THE NEED FOR FEED WATER TREATMENT
1. a. Many ships ply regularly between ports which have a water supply of
a quality which has resulted in little trouble in the past, owing to the
types of boiler previously in use, which have been of comparatively simple
* PD 747 ; PD 748 ; PD 749,
7
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design and have been worked in the lower pressure range as judged by modern
practice (not exceeding 250 1bfsq. in.). The employment of water-tube
boilers of higher working pressures has, however, introduced operating
conditions which cannot be maintained unless the heating surfaces are free
from scale and corrosion ; this can only be achieved provided aquuate
attention is given to the composition of the boiler water.

b. Since boilers can be kept in satisfactory condition internally by
careful selection of the water supply and such chemical treatment as may
be necessary to prevent scale and corrosion, it is desirable that this practice
shall be applied to all marine boilers.

It is now regarded as good practice to use mechanical de-scaling tools
only once a year, or even less frequently, and it is desirable that this practice
should apply to marine boilers. Proper attention to the boiler feed water
can prevent failure of furnace crowns, leaky tubes and similar faults.

CONTROL OF TREATMENT ASHORE AND AFLOAT

2. In order to secure uniformity and continuity of water treatment throughout

a fleet of vessels it is important to organise a system of supervision and
control on lines similar to those suggested in this code. It is considered
advisable to secure the co-operation of water treatment consultants for this
purpose.

It cannot be too strongly emphasised that control is the keystone upon
which the success of treatment depends and where companies® own chemical
staffs are not available, a member of the engineer superintendent’s staff should
be trained in water treatment.

The apphcatlon and control of any chemical treatment will be in the
hands of the engineer in charge of the boilers and the success of the treatment
can be assured only by close co-operation between the engineers and those
responsible for specifying the treatment. It is recommended that this co-
operation should include the shore staff, i.e., superintendents and those
responsible for maintaining the supply of materials. There is, therefore, an
administrative as well as a technical effort required, the former requiring
first attention. The development of a particular case may be visualised in
stages somewhat as follows :—

a. Contact between consultants and engineer superintendent. Collection
of information on boiler problems, e.g., on feed water, failures and matters
of general interest. General discussion of methods of treatment and control.

b. Inspection of affected boilers. Discussion with ships’ chief engineers.

¢. Formulation of chemical treatment and methods of application and
control. )

d. Presentation and explanation to engineer superintendent and dis-
cussion of arrangements to put the chosen chemical treatment into effect,

e. Training of ships’ staff in control tests and routine application of

‘chemical and of any members of shore staff who will be responsible for

8

supervision of water treatment and maintenance of chemical supplies
throughout the fleet.

[+ Arrangements for regular inspection of boilers and records of tests by
trained members of the staff.

g. Regular discussion of difficulties and improvements with specialists.

These headings will give some idea of the steps required to institute
properly controlled water treatment,

'SHORE ORGANISATION

3. The first step is for the person responsible to collect the necessary data,

submitting a properly designed questionnaire to be completed by the
engineer on each ship. Having then obtained the survey data the internal
condition of the ship’s boilers and feed system should be examined and
conditions recorded. In addition the following analyses are required :—

a. Water in the boiler.

b. Feed water.

c. Water in feed tanks. If the ports to which the ship is sailing are known
and if the ship takes fresh water as make-up, endeavour should be made
to obtain samples and analyses of it at the various ports of call.

LECTURE COURSE
4. Having decided upon a treatment, the next stage is to hold a short lecture
course on the principles of the treatment and to instruct the ship’s

“engineers concerned how to make the control tests, and to understand their

significance. This instruction should also cover methods of applying the
treatment and precautions to be observed.

TEST KIT
5. A suitable test kit should be supplied to each ship and the engineer in

control at shore base should also be provided with a comprehensive
test kit (see Appendix B).

TEST LOG
6. A suitable register or log should be supplied to each vessel in which
results of tests and comments regarding the treatment can be recorded
by the engineer during the voyage.

The test records should be inspected on return to the home port by the
superintending engineers and any medifications or alterations in the treat-
ment made. The boilers should also be theroughly inspected and any modifi-
cations to the treatment made as required.

STOCES OF REAGENTS, ETC.
7. An adequate stock of chemical reagents and spare test kits and solutions
should be kept at the ports and on board ship to ensure that the treatment
can be carried out continuously.
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ENGINEERING FACTORS
GENERAL

8. The engineering factors that control the operation and maintenance of
boilers comprise all the main boiler and engine room units. This Section
is not intended to cover all details of the maintenance of equipment, but to
provide some guidahce. '
The availability of boiler plant depends chiefly on the maintenance of
the water side and of the gas side in good condition.

MAINTENANCE OF WATER SIDE OF BOILERS

9. The feed water that enters the boiler is the source of most of those
impurities in the boiler water which give rise to scale formation or to
corrosion. The control of these impurities is dealt with in the chemical
section, but any source of contamination of the feed water should be traced
and stopped in order to minimise as far as possible the degree of contamina-
tion with which the chemical control of boiler water is concerned.
The main sources of contamination are :—
condenser (see clause 10),
evaporator (see clause 11),
make-up feed (see clause 12),
drains (see clause 13),
oil from lubrication of engine (see clause 14).

CONDENSERS*

10. Experience shows that condensers can be kept free from leakage for

long periods. Corrosion is the cause of the most serious leakage, but a
commoner cause is the failure of the glands, which results in a slow,
continuous leakage.

The most suitable materials for condenser tubes are cupro-nickel (nickel
29 per cent, manganese 0-5 per cent minimum, iron 0-5 per cent minimum,
remainder copper) and aluminium brass (zinc 22 per cent, aluminium 2 per
cent and arsenic 0-03 per cent minimum, remainder copper) the latter being
particularly useful when condenser temperatures are high, i.c., vacuum
is low. The ferrules for the tubes should be cupro-nickel or aluminium brass
or, when these are not obtainable, Admiralty Mixture (copper 70 per cent,
zinc 29 per cent and tin 1 per cent). The use of 70 : 30 brass, or Admiralty
Mixture to B.S. 378 may be expected to result in a shorter life.

The ferrules should be fitted so that they are flush with the tube plates
at the inlet end. :

Metallic packing in the form of specially designed rings of the correct
size or specially made graphited asbestos grommets used in conjunction

* This clause has been based on the work carried out by the British Non-Ferrous Metals
‘Research Association in continuation of the investigations of the Corrosion Committee
of the Institute of Metals.
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with a lead bonding wire in front and a fibre ring behind are recommended
rather than cord or linen packing because they are easier to insert and keep
tight. The electrical connection that metallic packing makes between the
tube, shell and protection plates is believed to reduce the risk of corrosion
due to galvanic action.

When cord or linen packing is used, the material should be saturated

with boiled linseed oil and drained for 3-5 hours, in order to remove excess

oil. Itis customary to keep available a few grommets in oil in order to ensure

_ saturation,

Steel protector plates should always be used and fitted to lie along the
water stream and not transversely to it, as this affects the water flow and is

* liable to cause impingement attack on certain tubes. It is good practice to

fit one or more protector plates edge-on to the tube plates and right across
the inlet-water end, and held by two bolts, one at each end of the steel plate.
These plates not only provide electre-chemical protection to the tubes, but
also supply the iron oxide that helps to provide protection for the condenser
tubes (see fig. 1). :

" In addition to the above design features, there are certain factors within
the control of the ship’s engineer, and repair organisations,.

In order to avoid erosion of the inlet ends of the tubes, the ferrules and
the tube plates, the speed of flow through the condenser tubes at full power
should not, if possible, exceed 65 ft/sec. and under no circumstances exceed
7 ft{sec. On the other hand, the water speed through the condenser should,
where practicable, not be allowed to fall so low as to leave deposits in the

“tubes and thus give rise to corrosion.

The water side of the condenser should be examined frequently, as
oppertunity permits, in order to renew any steel protector plates that have
wasted and to remove any deposits from the internal surfaces of the tubes
by ‘jetting through” with water. * Jetting through ’ is of particular import-
ance after lying in estuaries, or in water containing small fish which may
become lodged in the tubes.

Excessive screwing up of ferrules results in ‘ necking’ and consequent
leakage. It should always be possible to obtain a tight joint without causing
necking, provided the packing has been inserted correctly and the ferrule is
correctly made. Eccentricity of the bore of the ferrules may be a cause of
leakage that cannot be remedied by screwing them up. Much depends on
the size of tube and hole but as a general rule an eccentricity of -+ 0-015 in.
may cause leakage, but 0-005 in. may be accepted.

All drain or small exhaust connections into condensers should be fitted
with reliable baffle plates to prevent impingement of high speed steam and
of water on tubes ; as such baffles are sometimes found perforated and
ineffective after a term of use, sketches are shown (fig. 2.) of baffles and
fittings arranged for easy inspection and renewal.

An air pipe should be fitted to the highest point of the water-boxes, and
air-leak holes provided in division plates as necessary. All these should be

11
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kept clear. Care should be taken to ensure that division plates fit tightly
against the tube plates,

Paints are frequently used to protect the internal surfaces of water ends,
but, where used, they shall not contain graphite ; various forms of paints
are available commercially, but adherent rubber paints are particularly
suitable. :

The normal routine adopted when steaming should include a test of the
condensate every watch in order to ensure that leaks have not developed.
A simple electrical test is shown in fig, 3. It should be noted that some

, condensers may leak slightly when standing idle, and time should be allowed

for the steam flow into the condenser to displace the residual condensate
from the hotwell before the appearance of a ‘cloud’ on testing the con-
densate with silver nitrate is interpreted as an indication that the condenser
is still leaking,

When it is required to clean the condenser tubes, the steam side should
be cleaned by low boiling point grease solvents, €.g., trichlorethylene ;
‘ boiling out * with caustic soda or other detergents is ineffective and may be
harmful. The water side of condensers should normally be cleaned by

¢ jetting through.” When heavily scaled the water side may be cleaned by

acid containing an inhibitor, although the use of acid is not recommended
for any of the varieties of brass tubes. Use of grease solvents or acids should
be carried out under skilled supervision. _

Whenever a temporary repair has been made to a leaking condenser, it
is important that the defect should be located and a permanent repair made
as soon as possible notwithstanding the success of temporary repair methods,
e.g., the use of sawdust.

EVAPORATORS

11. Every deep sea ship should be fitted with evaporators of suitable
capacity ; as a rough guide it may be said that this should be not less
than 10 tons/day/1000 I.H.P. for cylindrical boilers and reciprocating
engines in addition to any extra requirement there may be for other purposes.
It must be strongly emphasised that the good maintenance of boilers
depends largely upon the correct use of the evaporators provided.
The avoidance of * priming * in evaporators depends upon many factors
including the following :— .
(i) The maintenance of correct density of brine as advised by the
maker, In general evaporators should be operated at between
2%/32 and 3/32 density. Higher densities cause priming and
excessive scale in the evaporator,
(ii) The avoidance of unsteady conditions in any part of the evaporator
system. For this reason, the use of surplus exhaust steam for
evaporators, although economical in fuel, is frequently impossible.

(iti) Limiting the output to that for which the plant was designed.

12
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(iv) Ensuring that the baffies fitted in the shell are correctly assembled
and free to operate correctly, e.g., drainage is correct.

(v) Keeping the distiller and heat exchangers tight.
(vi) Keeping the correct water level in the shell.
(vii) Ensuring that internal coil connections where fitted, are tight.

Where practicable no direct connection should be provided between
evaporator and condenser, owing to the risk of contamination of condensate
due to faulty operation of the evaporator.

MAKE-UPF FEED

12. It is of utmost importance that all water used for filling boilers and

make-up feed purposes should be in a clean condition. Feed-water tanks
that are filled with sea or river water at any time for ballast purposes should
be thoroughly washed out before replenishing with fresh water. The practice
of filling feed water tanks with sea or river water should be avoided if
possible.

It is preferable in vessels fitted with water-tube boilers that feed-water
storage tanks should have no salt-water connections, Where such connec-
tions are fitted for special reasons they should normally be blanked off.

All tanks used as reserve feed water storage should be tight on all surfaces
and should be so arranged that accidental contamination is unlikely.

The make-up feed water taken from tanks is seldom as pure as the

condensate to which it is added so that it is important to reduce to a minimum

the losses which the make-up is required to replace.

It is recommended that condensers or exhaust drain tanks be fitted to
all deck auxiliaries including winches in order to economise in water con-
sumption. Leaky piston rod glands and valve spindle glands and feathering
safety valves are common causes of heavy losses of feed water. Special
attention should, therefore, be paid to maintenance of all such fittings.

The use of *silent blow off,’ i.e., a connection through a control valve
from the main steam pipe to the condenser, will allow a gradual reduction
of boiler output when an emergency stop is required. The use of °silent

- blow off * to overcome the effects of bad firing shall not be permitted.

Where the reserve feed water storage is inadequate and where the
evaporator, if fitted, cannot make up the losses, resort must be made to the
use of sea water make-up feed, but its use is deprecated as general practice
for any class of boiler.

DRAINS

13. Considerable losses of feed water occur due to bad design and operation

of drain systems. In turbine ships, those drains which cannot be con-
taminated with oil or sea water should be led straight back either to the
main feed tank or condenser. Drains that are likely to be contaminated with
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