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WM. WHITELEY & SONS, LTD., LOCKWOOD, HUDDERSFIELD. 

66" Double Cutting Machine. 

66" Triple Cutting Machine. 

MULTIPLE CUTTING OR SHEARING MACHINES 
For all classes of Textile Fabrics. 

With or without CANBY'S PATENT LIFTING MOTION. 

Machines fitted with any kind of Bed and Whiteley's Patent Cut Adjuster. 
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ESTABLISHED 1854. 

WM. WHITELEY & SONS 
----------------- LIMITED, 

TEXTILE MACHINISTS, 

LOCKWOOD, HUDDERSFIELD, England. 
Telegrams : "Whiteley, Huddersfield." Te~epbone Nos, 1597 & 1598. 

Improved Self-Acting Mule. 

THE MOST PERFECT AND EFFICIENT MULE MADE FOR 
SPINNING ALL CLASSES OF WOOLLEN AND ANGOLA YARNS. 

--a-
ALSO MAKERS OF: 

TWISTING, WINDING and WARPING MACHINERY. 

TENTERING and DRYING MACHINES for all Classes of Fabrics. 

STENTERING MACHINES with Clip or Pin Chains. 

DRYING MACHINES for Wool, Cotton, Rags, etc. 

COMPLETE CLOTH FINISHING PLANTS for Woollens and Worsteds. 

PLUSH and ARTIFICIAL SILK MACHINERY. 

CARPET and PILE FABRIC MACHINERY. 

COMPLETE ANILINE BLACK PLANTS and MERCERISING 
MACHINERY. 

l>RATT'S PATENT RETURN STEAM TRAPS. 
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WILLIAM BIRCH (Engineers) Ltd. 
Mi I ton Street Ironworks, 

LOWER BROUGHTON, MANCHESTER, 
ENGLAND. 

----11!)1--

PATENT MACHINERY 
FOR 

Dyers, Finishers, Woollen Manufacturers. 

ORIGINAL INVENTORS, PATENTEES & MAKERS OF 

Listing or Bagging Machines, 2 in. Stitch. 

Cloth Handling & Conveying Machines 
To open out Fabric from the Rope state. 

Scroll Openers, Metallic Squeezers. 

Patent Twin-needle Overlapping-seam Sewing Machines. 

Blanket Whipping and Fringing Machines, 
etc., etc. 

--1!1--

W, BIRCH'S PATENT PIECE-END SEWING MACHINE. 
SEWS ANY THICKNESS, WET OR DRY. 

To sew from ½" to ½" stitch, or from ½" to 111 sititch. 

----tl!]I---

E■tabliahed 1863. Telegraphic Addreaa: "TOPAZ, MANCHESTER." 
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J. SCHOFIELD, B.Sc., 

J. C. SCHOFIELD, B.Sc. {Hons.) 

The authors of this work are prepared to act as 
CONSULTANTS in the Dyeing and Finishing 
departments of the wool industries and to off er expert 
service on the matters particularly dealt with in this 
book. 

They have had long and special-in some respects 
unique-experience which is at the disposal of firms in 
the industry in all questions relating to cloth finishing, 
e.g., machinery, lay-out of plant and works, technology 
of processes and materials, and in particular the subject 
of defects an.d damages. 

As investigations on the spot are of much greater 
technical benefit than mere laboratory testing, the 
authors specialise in actual works operations and 
undertake practical examination and report on mill 
routines. 

Foreign consultations by correspondence and, in 
exceptional cases, by personal visit. 

Enquiries may be directed to : 

Messrs. ]. SCHOP !ELD, 

Rose Cottage, Netherton, 

HUDDERSF !ELD. 



TEXTILE PHILOSOPHY. 

" I dread the tirne when the lean years come, when the wheels are 
clogged with the weight of taxation, and enterprise checked by fierce 
competition ; and unremunerative trade and idle labour forcing down 
wages." 

Sm JAMES HINCHLIFFE, 1915. 

" I have often heard it said that woollen manufacturing is an art. If 
this is so, it follows that the manufacturer is an artist and very often a 
variety artist at that." 

J. N. ToD, C.B.E. 

" The man who can really research and invent has been so exploited 
by the unconscientious employer that he will have none of it ; he will 
simply let his inventive capacity die out." 

PROFESSOR ALDRED BARKER. 

"Where there's muck, there's money."-M1LL GOSSIP. 

"Quacks secrete; scientists publish."-ANON. 

" Of the many important branches of the textile industry that which 
deals with the finishing of fabrics has received the least attention." 

T. WOODHOUSE. 

" Whoever sets himself to see things as they are will find himself one 
of a very small circle ; but it is only by this small circle resolutely doing 
its own work that adequate ideas will ever get current at all." 

MATTHEW ARNOLD. 

" A man should be fit for more than he is doing." 
GARFIELD. 

"With no reverence for the past, and no fear for the future." 
HENRY FORD. 

. " Since the War there has been an increasing desire to get ' something 
for nothing ' . . . . and to escape manual work. Our educational 
system is in great danger of justifying the condemnation 'water spilled 
on the ground which cannot be gathered up again.' Hitherto not 
sufficient attention has been paid to the acquisition of scientific method." 

DR. T. OLIVER. 

"Something will have to be done about it some day." 
MAN IN THE STREET. 

"I know, among the many fatuities that have been uttered in the 
press and in the pulpit to excuse our educational failure, it has been held 
that if we had imitated the Germans in thoroughness and scope of 
education we might have been 'as wicked as they were'." 

Sm HARRY JOHNSTON. 
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PREFACE. 

THE present work has been developed from the author's 
ScourinR and Milling (1921) which was itself extended 
into The Wet Processes of the Wool Industries (1925). 

In the preparation of those works it became increasingly 
apparent that there were large gaps in the literature of 
wool textiles and on the publication of the latter book it 
was pointed out that the field of Dry Finishing was similarly 
incompletely covered. A comprehensive textbook on cloth 
finishing-based on scientific principles but severely 
practical in intention-was badly needed in the industry. 

The aims of the authors may be summed up as an en
deavour to treat subjects on which information has been 
previously lacking or inadequate and in particular to deal 
with Cloth Finishing as the practical application of chemical, 
physical and mechanical principles. From this point of 
view the book is largely pioneering and it is inevitable in 
breaking new ground that the results may be somewhat 
informal or even in slight degree, disordered. In the opinion 
of the authors the art of cloth finishing is not primarily a 
matter of fabric design but consists rather in the action of 
chemical reagents, the effects of heat and moisture, and 
the results of applying mechanical stress to the wool fibre. 
It would be easy to make a general charge of neglect against 
the industry in this matter, and in this aspect the present 
work is a reaction against the older tradition. 

It may be questioned whether certain special subjects 
are properly included in a work on cloth finishing. The 
authors have found in their lecturing, managerial and con
sulting experience a great dearth of information on many 
of these special topics, e.g. electric driving; in other cases, 
e.g. wool scouring, the matters are obviously part of the 
general theory; in further instances, e.g. humidity theory, 
they are portions of hitherto unexplored technics. 

The authors owe much to the kind help of many firms 
and friends; Mr. L. Ellis, as before, in the preparation of 
illustrations; Mr. Johnson in the section on electric power; 
Mr. B. Ellis on raising, and many others. In all cases the 
attempt has been made to make reference in the text. 

They are well aware that there are imperfections and even 
some inaccuracies in this book, but they consider that it is 
more important in the wool industry to abandon inertia and 
repudiate secrecy than to aim for the present at a com
pletely logical and exact scheme of treatment. 

Netherton, 
Huddersfield. 

J. SCHOFIELD. 
J. C. SCHOFIELD. 
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WATER AND STEAM IN THE 
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CHAPTER I. 

Water and Steam in the Scouring Shed. 

WATER 

is the medium in which the scourer carries on his cleansing 
operations. It is even more essential, in locating the site of a 
finishing works, to secure an ample supply of good water than 
an easy access to fuel, or transport of goods. Steam may be 
generated from comparatively impure waters, and power may 
even be purchased, but no high-class finishing of textiles is 
possible with bad water. 

It is not intended here to enter into the familiar chemistry 
of water given in scores of text-books, nor into the geology of 
water sources ; the practical textile requirements will alone be 
discussed. The water supplies of textile works are usually 
derived from :-

1. Rain ; a soft, non-turbid water. When collected from 
roofs the atmospheric dust may harden it considerably. 

2. Springs and wells; usually clear but may be hard, 
depending on the strata from which they are derived. 
Boreholes are similar; it is often possible to judge the 
character of the water from the geological section of 
the bore, almost without chemical examination. 

3. Rivers and canals ; generally containing suspended 
matters, sometimes oil-films, and often hard. In 
industrial districts they may contain sewage, alkaline 
sulphates from seak purification, colour from exhausted 
dye-baths, iron corrosion, etc. 

4. Public supplies ; these vary in hardness, sometimes 
naturally, often according to treatment. They are 
generally filtered. 

The standard of all waters is, of course, the Distilled Water 
of the chemical laboratory. It is a common error to suppose 
that the condensed water-the drainage from the heating 
systems of factories-is practically a distilled water ; in the 
writer's experience such water is more often worthless than 
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not, carrying quantities of iron corrosion and occasionally 
grease. In one consultation it was found that the hot-well 
catching this condensed water from radiators and heating 
pipes, was also directly supplemented from the local canal ! 

A classification of industrial waters on chemical grounds 
might also be made as follows :-

1. Waters of alkaline reaction due principally to the 
bicarbonates of lime or magnesia ; often also containing 
sulphates, chlorides and nitrates of calcium and 
magnesium, and possibly some silica or iron. Most 
waters useful in textile work come within this group, 
and softening to a greater or lesser degree may be 
necessary. 

2. Waters, often of high alkalinity, containing bicarbonate 
of soda. These are comparatively rare, occurring 
usually as boreholes. They are easily made available 
for textile purposes. 

3. Waters of acid reaction, in general vegetable or humus 
acids from peat areas, e.g., the typical high level 
sources in the West Riding textile districts. 

4. Waters polluted from surface drainages, sewage, trade 
effluents, etc., as for example, many river and canal 
supplies. Such waters may require both filtration and 
softening prior to textile utilisation; or alternatively, 
chemical precipitation. 

The actual weight of mineral impurity in most water supplies 
is relatively small as compared with the water itself. Thus a 
water might contain total mineral constituents of say, 0.05 per 
cent. by weight pure water of 99.95 per cent., and yet show a 
hardness of approximately 20 degrees; an impossible water 
in the untreated state for textile applications. Generally, 
therefore the results of a water analysis are expressed in parts 
per 100,000 or in grains per gallon. (One gallon of water weighs 
70,000 grains.) Thus a peaty water for a public supply might 
contain about six parts of mineral matter-sulphate and 
carbonate of lime, sulphate of magnesia, and chloride of 
sodium principally-giving a hardness of about three degrees. 
Rain-water contaminated by atmospheric dust only would 
have a very similar mineral composition, but if subject to sooty 
impurity in addition, the mineral residue might be many times 
greater. Sea water is approximately a three per cent. solution 
as regards common salt, containing about 2,100 grains per 
gallon; other mineral salts may increase this to 2,500 or 2,700 
grains per gallon. 

Too much elaboration is as a rule expended by mill-owners 
upon the chemical analysis of water, and when obtained the 
result is apt to be regarded as good for all time. Most water 
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supplies are variable, for reasons apart from accidental 
contaminations. It is generally sufficient, in investigating the 
causes of bad working in a dyeing and :finishing plant, to test 
the water by a simplified analysis, such as the scheme below ; 
this will reveal any.thing of an exceptional or prejudicial 
character. In this scheme, comparative test-tube trials are 
made side-by-side with distilled water, in most cases with 
single drops of the reagents. · 

1. Acidity or Alkalinity ; test by litmus, phenol phthalein, 
and methyl orange. Certain waters, e.g., drainage from 
peat moorland, are usually acid, and carbonic acid gas 
is a common constituent of most waters, holding the 
Calcium and Magnesium in solution as bicarbonates. 

2. Chlorides ; one drop of silver nitrate with a trace of 
nitric acid. 

3. Sulphates ; barium chloride with a trace of hydrochloric 
acid. 

4. Iron ; by potassium ferrocyanide or thiocyanate. 
5. Sulphur ; as sulphides ; by the smell and by lead acetate. 
Colour and turbidity should also be examined. Such test• 

trials should be follo~ed by a proper determination of the 
hardness, temporary and permanent, of the sample, and in 
general the Clark soap test will be sufficient for the purpose of 
textile applications. If, now, this approximate examination 
has brought to light exceptional features in the water, a full 
investigation may be made ; but, in general, waters requiring 
this will not be found suitable-even with any practicable or 
economical treatment-for textile purposes. 

NOTE ON INDICATORS FOR WATER TESTING. 
Some discrimination must be used in the employment of 

indicators when testing waters for acidity or alkalinity. Thus 
carbonic acid disturbs the indications of phenol phthalein; and 
bicarbonate of soda, which is a strongly alkaline salt neutralising 
strong acids, gives no change of colour with phenolphthalein. 
Methyl Orange is unsuitable for the indicating of boiler waters, 
as it is affected by nitrites, which commonly occur in such 
waters. Methods of determining acidity and alkalinity in 
dilute solutions based upon ionic concentrations are now coming 
into general employment ; such routines may be applied to 
the examination of water. (See later). 

HARDNESS OF WATER. 
Chemically speaking, this ordinarily means the amount of 

calcium and magnesium salts--0arbonates and sulphates-in 
a water; but as other compounds, iron, etc., are also capable 
of acting in a similar way, it is most practical to define it as 
"Soap-destroying Power." The chemical equations given in 
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the chapter on oils and soaps, show how relatively small is the 
proportion of alkali in the soap molecule ; oleic acid requires 
only one-seventh of its weight of caustic soda for the formation 
of soda soap. When, therefore, these soluble alkalies are 
replaced from hard waters by the alkaline-earth metals 
Calcium and Magnesium, the destruction of soap is very great. 

SODIUM OLEATE. CALCIUM CARBONATE. 

2 (C17H 33COONa) + Ca CO 3 

2 X 304 100 
LIME SOAP. CARB. DIOX. WATER. 

(C17H 33 COO) 2 Ca + CO 2 + H 2 O. 
Hence, 100 parts of Carbonate of Lime neutralise 608 parts 

of Sodium Oleate or hard soap, in forming insoluble lime soaps ; 
that is, every grain of Calcium Carbonate destroys six grain8 
of soap. Now one degree of hardness is equivalent to one 
grain per gallon of carbonate of lime. Thus, 500 gallons of 
water, a not unusual amount for the washing off stage of a set 
of pieces in the rope-scourer-for every degree of hardness will 
render useless 6 X 500 or 3000 grains of soap, reckoned 
anhydrous. Taking 7000 grains to the pound avoirdupois and 
allowing for 30% water in the soap, it may therefore be said 
that 1000 gallons of water can destroy over 1 lb. of soap for 
every degree of hardness it possesses. Moreover, the pre
cipitation of the sticky insoluble lime soaps upon the cloth is 
ruinous to the bleaching, dyeing and finishing processes 
generally. 

Water is the most general of all solvents ; indeed this is the 
basis of its detergent applications. A summary of the 
solubilities of substances entering into scouring practice is 
given below ; the numbers represent parts of substance 
dissolved per 100 of water. PARTS PARTS 

SUBSTANCE. 

Pot. Carbonate 
Sod. Carbonate 
Sod. Chloride 
Sod. Sulphate (10 aq.) 
Sod. Hydrate 

HARDNESS SALTS :
Calcium Carbonate 
Calcium Sulphate 
Magnesium Carbonate 
Magnesium Sulphate 

(7 aq.) 
GASES:-

Carbon Dioxide CO 2 

Sulphur Dioxide SO 2 

Ammonia NH 8 

Chlorine Cl 

DISSOLVED 
AT 15° CENT. 

109 
16.5 
35 
39.8 
60 

0.002 
0.24 (0°C.) 

Insol. 

33.8 

DISSOLVED 

AT 100° CENT. 

156 
45 
39.5 

322 
250 

0.09 
0.22 
Insol. 

73.8 

1.02 volumes at 15° Cent, 
47 

785 
2.64 

" 
" 
" 

,, 
" .. 
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WATER SOFTENING. 
Water Hardness is in the main of two kinds:-
1. Temporary; due to carbonates of lime and magnesia 

held in solution by carbonic acid gas, and therefore 
precipitable by boiling. 

2. Permanent ; due to the soluble sulphates of calcium 
and magnesium, or even the chlorides and nitrates of 
these metals. 

In boilers at the higher temperatures, the above distinction 
largely fails, and the scale deposition will contain the sulphate 
of lime as well as the two carbonates ; corrosions by de
composition also occur, and iron rust is thrown down. The 
practical methods of softening waters fall into two sections :-

I. Treatments by :-
1. Lime only for purely temporary hardness. 
2. Sodium carbonate or Caustic soda. 
3. Lime and Soda, the commonest case. 

II. The Permutit Process of percolation through an artificial 
zeolite. 

The usual hard water requires both lime and soda for the 
removal of the temporary and permanent hardness ; a water 
may be brought down to 3-4 °, Clark degrees, if regularly and 
efficiently worked, i.e., checked by soap test and adjusted 
accordingly. Most softening plants differ merely in the 
mechanical details adopted to add the active chemicals to the 
bulk-water, and the sedimentation or filtration of the pre
cipitates ; the chemical principles are generally the same for 
all types. The Permutit process is an interesting exception. 
An artificial silicate of the type :-

3 Si 0 2 • AI 2 08 • Na2 0 .6 H 2 o 
is manufactured by fusion ; the substitution of the soluble 
alkali in this by the calcium and magnesium of the hard waters 
constitutes the softening operation; this substitution is 
reversible, a treatment by 10% common salt solution during 
the night stoppage renovating the permutit mass. 

The reactions of the base-exchange methods of water soften
ing may be represented thus:-

Na20 (Z) + CaS0 4 = CaO (Z) + Na2S04 where Z is the 
zeolithic compound. For the reversible change, CaO (Z) + 
2Na Cl= Na 2 0Z + CaCI 2, in which the cycle proceeds from 
left to right. The first exchange represents about 1-2 per cent. 
reckoned as CaO on the weight of zeolite ; regeneration is 
effected by a 10 per cent. salt solution. Obviously the rate of 
flow through the plant must not be excessive, i.e., such softening 
plants cannot be forced. In a published case, 5000 gallons of 
water of 24 degrees hardness were softened by a bed of permutit 
containing 2000 lbs. weight, and regeneration was effected by 
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a solution of 88 lbs. of common salt in 88 gallons of water, i.e., 
10 per cent. concentration, about five hours being allowed for 
this phase. 

In view of the increasing importance of the artificial zeolites 
for the softening of industrial waters, some further information 
may be given. The peculiar action in this respect of certain 
natural aluminium-alkali silicates such as analcime had been 
noted as early as 1905 by Professor R. Ganz and it was followed 

REG.ENERATING.: ~ 
DRAIN VAI.V~ , 
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F10. 1.-LIME-SODA SOFTENING PLANT. 
(UNITED WATER SoFrENERS, LTD., LONDON.) 

up by analysis. It was concluded that in the naturally active 
bodies the sodium is only indirectly combined with the silica 
through the medium of the almnina. In the case of inactive 
products, e.g., natrolite, there is probably direct combination 
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of alkali and silica. Melts of varying composition were then 
prepared from mixtures of kaolin, quartz, and soda carbonate, 
and crystalline zeolites obtained therefrom. The artificial 
zeolites are amorphous, opaque, glassy products, easily de
composed by dilute mineral acids. Organic acids and highly 
diluted inorganic acids react by dissolving first the soluble 
alkali and afterwards small proportions of the alumina and 
silica. The residual bodies termed " Permutit " acids revert 
on immersion in solutions of alkali carbonates to the original 
zeolith, the carbonate solution becoming bicarbonate ; a 
tendency so marked that solutions of sodium chloride are 
broken up with the liberation of free hydrochloric acid. The 
principle of base-exchange thus introduced into the p:r:actice of 
water softening has been considerably developed. 

Note.-An excellent review, from the textile standpoint, of 
the water softening position to-day, including the Permutit 
process, etc., will be found in the Journal of the Society of Dyers 
and Colourists, December, 1918, (p. 240) ; papers by Messrs. 
P. E. King and E. V. Chambers. 

The chemical reactions occurring in the Lime-Soda system 
of softening are represented by the following equations, the 
lime employed being in the form of slaked or hydrated lime 
and the soda as carbonate:-

1. Temporary Hardness only ; due to Calcium Bicarbonate. 
CaH 2 (CO 8 ) 2 + Ca (OH 2 ) = 2CaCO 8 + 2H 2 O 

100 74 
2. Temporary Hardness only; due to Magnesia Bicarbonate 

MgH 2 (CO 8 ) 2 + 2Ca (OH) 2 = 2CaCO 8 + Mg (OH) 2 + 
146 2 X 74 2H 2 O ; 

the precipitate is jointly carbonate of lime and hydrate 
of magnesia. 

3. Permanent Hardness ; due to Lime Salts, e.g., 
CaSO 4 + Na 2 CO 8 = CaCO 8 + Na 2 SO 4 

136 106 
4. Permanent hardness ; due to Magnesium Salts, e.g., 

MgSO 4 + Ca (OH) 2 = Mg (OH) 2 + CaSO 4 ; 

120 74 
the further addition of soda-ash bringing about re
action (3) above. 

5. Presence of Free Carbonic Acid ; treated by lime. 
CO 2 + Ca (OH) 2 = CaCO 8 +H 2 o. 

44 74 
6. Caustic Soda softening processes, e.g., 

CaH 2 (CO 8 ) 2 + 2NaOH = CaCO 8 + Na 2 CO 8 + H 2 O. 
MgH 2 (CO 8 ) 2 + 4NaOH = Mg (OH) 2 + 2NaCO 8 + 
2H 2 O; and for permanent hardness 
MgSO4 + 2NaOH = Mg (OH) 2 + Na 2 SO 4 , 
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Calculation from the theoretical equations is based upon the 
assumption that the hardness is due to calcium carbonate and 
hence 24 parts of magnesium or 40 parts of calcium present in 
any form are regarded as equivalent to 100 parts of CaCO 8 • 

Equation (1) (p. 9) therefore shows that 74 parts of hydrate of 
lime will be required for 100 parts carbonate of lime or 0.74 
grain per gallon per Clark degree of temporary hardness. 
Similarly, in equation (3), 136 parts of calcium sulphate which 
are represented by 100 parts of the standard hardness of 
CaCO 8 , require 106 parts of sodium carbonate; and therefore 
1.06 grains of sodium carbonate per gallon are necessary for 
each degree of permanent hardness. 

From these data the approximate quantities of softening 
reagents applicable in any particular case may be reckoned, 
when the hardness, temporary and permanent, has been 
determined and the volume of water required is known. In 
actual softening practice this procedure is subject to control. 
There may be free carbonic acid present in all degrees from 
fractional amounts to considerable aeration. The soap test for 
hardness-while probably the most useful in textile applica
tions-is not a complete indication of the properties of the 
water under examination, and is liable to serious errors in the 
more extreme cases. Under these circumstances softening 
plants are invariably put into operation by a more or less 
tentative series of trials, checked by soap or other tests and 
varied by addition or diminution of the active chemical 
reagents as indicated. It is obvious that there can be no 
universal system, either of particular reagents or of quantities 
thereof, applicable to all cases; each instance must be in
vestigated and treated on its own merits. A West Riding 
borehole averaging a little over 7 degrees of total hardness
temporary 2½, permanent 4½-required approximately 0.6 lb. 
quicklime and 0.7 lb. soda ash per 1000 gallons for good 
softening ; in this case there was free carbonic acid. A bore
hole in the hosiery district of the Midlands having 6 degrees 
temporary, 14 of permanent hardness and no free carbon 
dio~ide required 1.7 lbs. slaked lime and 0.9 lbs. soda ash per 
1000 gallons. Taking current market prices for these materials, 
estimates may then be made of working costs for reagents. 

The definitions of " hard " and " soft " waters must inevit
ably be subject to variation. For scouring purposes on 
textiles the limits need not be the same as for potable waters 
or for boiler feeds. A classification given in a work on chemical 
analysis describes waters below 6 as soft, above 12 as hard, 
the intermediate 6-12 as medium hardness. An American 
authority fixes a limit of softness at 6-7. The behaviour of 
waters of different degrees of hardness in textile scouring will 
be discussed later, but in general it may be stated that waters 
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Flo. 2.-LIME-SODA SOFTENER, 

(UNITED WATER SOFTENERS, LTD., LONDON.) 
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Fm. 3.-LIME-SODA SOFTENER: HORIZONTAL TYPE. 
(UNITED WATER SOFTENERS, LTD., LONDON.) 
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of 7 and upwards are unsuitable for scouring purposes and it 
is desirable to secure when possible a supply of not more than 
3-4 degrees. 

There are diverse opinions as to whether the softening of a 
water below 3-4° H. is economical or even desirable for textile 
purposes, and whether any difference of handle or finish is 
perceptibly gained in the fabric. In the solvent process, by 
the use of benzine, petrol, etc., it is not found desirable to 
extract all possible grease, as the fibre loses some softness at 
the extreme limit. But attention is directed in this respect to 
a possible protective action of the ordinary scouring bath with 
alkali mentioned aboye. 

A well-softened water usually reacts slightly alkaline, say, 
about 1-1.5 c.c. of N/10 acid. Ammonium Oxalate should 
produce only a slight turbidity. Iron is a fatal impurity in 
textile waters, whether for scouring, bleaching, or dyeing ; yet 
the ochreous waters of colliery districts, losing carbonic acid on 
exposure to the air, completely precipitate their dissolved iron ; 
the well-filtered water may test perfectly iron-free. 

It must not be assumed that in water testing a given number 
of degrees of hardness necessarily precipitates its chemical 
equivalent of lime or magnesia soap in the scouring bath as 
insoluble soaps on the fabric. Since the scour nearly always 
contains soda-ash and is, moreover, usually warm, a softening 
action proceeds along with the scouring. The point does not 
seem to have obtained much notice, but it would appear that 
most of the calcium and magnesium carbonates produced are 
not really precipitated, but are carried in the scouring emulsion, 
much in the same way as the mechanical dirt of the fabric, and 
do not "crack" the soap. It is hardly likely that these 
carbonates, not dissolved but merely suspended in the scour, 
chemically attack the soap, and it is therefore probable that 
the common practice of alkaline scouring acts protectively to 
some extent against the hardness of water. Many so-called 
lime soaps in fabrics are really grease or soap residua due to 
imperfect scouring, and will yield to simple extraction by 
Ether or other solvent. When this extracted matter-or 
hydrochloric acid extraction thereof and even of the fabric 
itself-is tested chemically for the alkaline earths, this pro
cedure often fails to reveal any lime or magnesia whatever. 
The assumption of the presence of lime soaps in fabrics should 
be judged along with the evidence of the scouring water ; 
many patches, streaks, and stains are put down to this source 
which are really due to residual grease or soap, contaminated 
with rubbed colour or flock from dirty machines, etc. 

The whole question of Water Hardness in the textile aspect, 
i.e., viewed as soap destroying power, is exceedingly com
plicated, and it is probable that the Clark test, crude as it 
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seems from the purely chemical standpoint, is in practice 
superior to the more exact Hehner determinations of alkalinity, 
etc. Richardson has stated (Jour. Soc. Dyers & Col., 1893, 
p. 194) that one molecule of calcium as chloride will destroy 
2.8 molecules of soap as oleate, and one molecule of magnesium 
as sulphate would require 4.2 molecules of soap. These ratios 
change with the ratio of the saline constituents present in the 
water and the amount of dilution and temperature; the 
greater the proportion of magnesium sulphate to the soap with 
the same volume of water, the fewer is the number of soap 
molecules decomposed. Allen has also found that a water 
containing both lime and magnesia does not destroy as much 
soap as the same amounts of lime and magnesia would do 
separately. It must be remembered also that for high dilutions 
such substances as magnesium carbonate and silica are 
sensibly, and calcium carbonate quite appreciably soluble. 

By definition, a water of 10 degrees of hardness means a 
soap destroying power ten times that of a water of unit hard
ness or one degree, but in practice a water with 10 parts 
carbonate of lime per gallon causes much less destruction of 
soap than a water having one part per gallon, reckoned 
relatively. Soap destroying power and content of calcium 
carbonate are not directly proportional. 

In the operation of softening plants some regular control is 
essential, as all natural supplies are variable owing to changes 
in rainfall, saturation of the ground, etc. Even large public 
reservoirs may vary in hardness in different seasons and 
ordinary wells and boreholes are subject to gteater changes. 

Water softening in textile works goes wrong most frequently 
through negligent working, often simple failure to keep the 
plant supplied with the reagents in adequate or proportionate 
amounts. Ample storage and as long a time factor as possible, 
especially in lime-soda treatments, are necessary ; there is 
often some after-precipitation which may take place in the 
tanks, pipes, boilers, etc. One design of plant seeks to over
come these defects by carbonating the treated water by the 
00 2 in flue gases ; these, however, contain sulphurous acid 
also, and no information seems available as to the effect of this 
factor, at any rate from the textile point of view. Excess 
alkalinity is undesirable in dyeing operations, e.g., the acid 
bath, or on cotton with basic dyes. The filtering arrangements 
of a softening plant should be very perfect ; no solid pre
cipitates or turbidity can be permitted to go forward. Lime
soda plants worked in advance of the Permutit treatment may 
upset the working of the latter by passing free lime forward, 
depositing calcium carbonate therein. Again, it has been 
stated that Sodium Sulphate, one by-product of the Permutit 
system, is partly dissociated at boiling temperatures ; the 
point needs attention for boiler feeding. 
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It does not appear to be well recognised that sufficient time 
must be allowed for the complete reactions to be accomplished. 
Especially is this necessary for the elimination of that part of 
the permanent hardness due to magnesia. In certain con
tinuous plants there is insufficient time permitted-particularly 
when the plant is forced-for the due completion of the 
softening operations, and after-precipitation occurs in the 
delivery mains and storage tanks ; imperfectly treated or 
partially filtered water is sent forward to the boilers or scouring 
machines. In the intermittent types of softening plant, two 
large tanks of several thousand gallons capacity or equal to 
say four hours demand of the works, are filled with the raw 
water and a measured amount of water carrying the proper 
quantities of lime and soda is added with thorough stirring. 
After the adequate period of reaction and settling has elapsed, 
the softened water may be decanted off by a floating valve 
for use. This simple and easily controlled method has nearly 
all the advantages of exactitude and satisfactory result, but in 
some cases is slightly costly in labour and insufficient in output. 

Continuous water softening plants should have very efficient 
filtration devices, layers of quartz sand, wood-wool, coco 
matting on frames, etc. In the earlier stages of precipitation 
the carbonates and hydroxides are in an extremely finely 
divided or even colloidal state, capable of passing freely any 
industrial filtering arrangement. After a time there ensues a 
stage of aggregation and settlement, a process usually under
estimated. It is probably a good principle to mix the fresh 
raw water and its reagents with the sediment of previous 
batches, a method which also assists in the removal of suspended 
oily matters where such are present. Upward filtration is 
preferable to downward flow. There are no very essential 
differences between commercial types of lime-soda softening 
plants, the devices for adding the reagents constituting the 
main variations in construction. Among such details are :-

a. Weirs, whose widths are capable of regulation, automatic 
or otherwise. 

b. Pumps, delivering from reagent tanks. 
c. Valves, mechanically controlled. 
d. Ball taps. 
e. Tumblers or tipplers, i.e., troughs actuated by the filling 

of the water and consequent over-balancing. 
f Water wheels carrying dipping buckets, etc. 
The reagents-lime, soda ash, or caustic soda-are often 

contained in troughs with a perforated base and having the 
water delivered at the bottom. It is plain that all these 
apportioning gears must be reliable and it is an interesting 
question how far the results of everyday working of softening 
operations are efficient. 
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SOFTENING TESTS. 
In a series of trials conducted some years ago by an insurance 

organisation, seventeen different commercial plants were 
tested; no example of the Permutit system was included. 
Chemical analyses of the raw and treated waters were made, 
together with determinations of the temporary and permanent 
hardness at each stage, and full details of the nature and 
amount of the reagents employed, costs and mode of working. 
The results, regarded as a practical industrial operation of 
great importance, were illuminating. Of the seventeen plants 
all but two were found to be using insufficient lime. Lime is 
required for the following functions :-

1. To neutralise the free carbon dioxide. 
2. To reduce the bicarbonates by combining with the half

bound carbonic acid. 
3. To convert the magnesium salts to hydroxide. 

The alkalinity of lime water at ordinary temperatures is 
about 0.125 per cent. or 87 .5 grains per gallon. It would seem 
that in most cases only the second of the above requirements 
had been apprehended. Certain plants had considerable 
amounts of steam or condensation water furnished to them, 
but apparently with little or no advantage, as the softening of 
water by the aid of heat can only be partial at the best, and 
is inefficient at moderate temperatures. Some selected cases 
are appended for illustration :-

SUPPLY. DELIVERY. 

TEMP. PERM. TOTAL. TEMP. PERM. TOTAL. 

A. 8.8 5.9 14.6 14.1 0 14.1 
B. 15.5 25.3 40.9 25.4 2.5 27.9 
C. 15.1 33.1 50.3 31.3 3.7 35.0 
D. 13.4 0.0 13.4 4.4 0.0 4.4 
E. 13.9 6.5 20.4 3.5 4.4 7.9 
F. 21.1 55.0 76.1 11.6 28.8 40.5 
G. 13.5 7.1 20.6 0.9 0.0 0.9 

The following notes on these cases will be instructive and 
useful:-

A. Soda-ash only used; the conversion of the permanent 
to wholly temporary hardness indicates the necessity 
of lime treatment. 

B. Caustic soda employed; the water requires a combined 
lime-soda process. 

C. Soda-ash reagent only, on a pit water. Lime is necessary 
or alternatively a caustic soda treatment. 

D. A well water, with no permanent hardness, given lime 
only ; the raw water being alkaline, the excess of lime 
left some temporary hardness. 
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E. Lime and soda used, but not in the strictly correct 
proportions. 

F. Lime and soda, but both in insufficient quantities. 
G. Caustic soda only, producing over alkalinity in the 

finished water. Part of the caustic should be replaced 
by lime. 

How far may the above illustrative cases be regarded as 
representative 1 Some of the foregoing types of plants are 
instaHed on hundreds of undertakings, and it seems impossible 
to .resist the conclusion that the general working of water 
softening apparatus is defective and capable of improvement. 
Mr. David Brownlie has stated that of 250 boiler plants 
inspected and tested by him, only 43 had water softening 
apparatus working in conjunction, and of these eighteen only 
were being operated correctly. The average hardness in nearly 
four hundred cases was 11 degrees. The modern extension of 
water-tube boilers and the increase in evaporative duty will 
intensify these questions of filtration, softening, and expulsion 
of dissolved gases in industrial waters. It is perhaps inevitable 
that processes of this kind, involving many variable factors 
and necessitating some regular control, though often unskilled, 
should reveal inefficiency, and it is probable that the more 
automatic character of the Zeolite systems-though these 
have disadvantages and severe limitations-has led to their 
extension. Well worked lime-soda systems are capable of 
reducing the hardness to about 3-4 degrees. It is not beyond 
the ability of an intelligent engine-tender to take a Clark soap 
test for total hardness, say, once weekly; provided the soften
ing plant is correctly started up, such an employee might be 
taught to check and book the working from time to time. 
Owners of softening apparatus must not assume that once 
these are put into operation no further attention need be given. 
It is plain that wrong working of these devices may not merely 
prevent the proper benefits being derived, but may actually 
introduce evils of a special kind. In general it may be said 
that the softening of even bad waters may be conducted at 
less cost than the purchase from, say, a public supply. 

ZEOLITE SOFTENING. 
The zeolithic systems of water softening present some easily 

seen advantages over the lime-soda methods. The plant is 
somewhat simpler, complicated apportioning devices being 
absent ; the softening is usually rather more perfect, even zero 
hardness being attainable; there is possibly less skill required 
in operation. The apparatus is of moderate size, quicker in 
action, self-adjusting to variations in hardness, and makes no 
sludge. The method, however, has its defects. It is not 
suitable for extremely hard waters, which must first have a 

0 
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preliminary softening by lime-soda methods ; it is ideal in 
working on the residual permanent hardness of a water 
previously free from temporary hardness by lime. 

I 1 

I 

I I 
I 

'- - - - '.!.::. - • 

Fig 4.-ZEOLITE (ARTIFICIAL} SOFTENING PLANT. 
(UNITED WATER SOFTENERS, LTD., LONDON.) 
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Representing the complex silicate by the contraction " Pm," 
the chemistry of the zeolithic softening processes may be 
summarised as below :-

1. Sodium Zeolite + Calcium Bicarbonate = Calcium Zeolite 
+ Sodium Carbonate. Na 2 Pm + CaH 2 (CO 8 ) 2 = 
CaPm + 2NaHCO 8 ; and similarly for magnesium 
carbonate. 

2. Sodium Zeolite + Calcium Sulphate = Calcium Permutit 
+ Sodium Sulphate. Na 2 Pm + CaSO ;l = CaPm + 
Na 2 SO~. 

Magnesium Chloride would yield Sodium Chloride by 
replacement. Thus the salts passed forward will be mainly 
carbonate, sulphate, and chloride of sodium, and it is certain 
that in some cases corrosion troubles have resulted therefrom ; 
season cracking or embrittling may follow. 

The zeolite process requires cleaner waters than can be dealt 
with by the older method, some supplies demanding a prior 
filtration for suspended matter. The bed of permutit mineral 
is an expensive investment, and must not be ruined by improper 
usage. There is no influence on dissolved carbonic acid gas in 
this method and the soluble sodium salts produced, though 
less objectionable than the lime and magnesia eliminated, are 
injurious in boiler feedwaters. The sodium bicarbonate 
equivalent to the original temporary hardness is a corrosive 
agent in boilers. The lime-soda process tends to fix oily 
contaminations, a most dangerous impurity in boiler waters ; 
the permutit method has no effect here. Iron salts, an un
desirable impurity to steam raisers, bleachers, and scourers 
alike, are well removed by the lime-soda principle. 

A recently introduced material of the zeolithic type is 
" Doucil," which is described as a double silicate of sodium 
and aluminium containing roughly 20-22% of alumina; it 
is claimed that the substance is not an artificial zeolite, but a 
"synthetic alumina silicate" made by applying modern 
knowledge of the chemistry of colloids to the production of a 
base exchanging material in the form of a perfectly homo
geneous jelly. This is afterwards converted to a granular mass 
of very high porosity. The latter property renders the material 
useful as a vapour absorbent as well as a water softener. It 
is said that 1 cwt. of Doucil will reduce to zero hardness 2000 
gallons of water of 10 parts per 100,000 (i.e., 12.5 degrees), 
between its regenerations ; each such regeneration requires 
8-9 lbs. of common salt per cwt. Doucil. More recent methods 
of preparing base exchanging compounds than by methods 
involving fusion are illustrated by the following abstract of 
a patent specification :-

Solution of alkali silicate of not more than 40°Tw. is 
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mixed with a solution of borax (not more than 20°Tw.), or 
acidic salts of alkalies other than sodium aluminate ; after 
the mixture has set the resulting gel is dried and washed. 

The rather exceptional cases of waters containing sodium 
carbonate or bicarbonate in solution are characterised by their 
alkalinity and usually low hardness ; they may be corrected 
satisfactorily by additions of lime or calcium chloride. Acid 
waters of peaty origin do not require treatment for hardness, 
their corrosive properties are best checked by small additions 
(about 1-2 grains per gallon) of silicate of soda. Caustic soda 
treatment of hard water is necessarily more expensive than 
the ordinary combination of slaked lime and soda ash, but is 
useful in difficult cases of permanent hardness or much free 
carbonic acid. Waste caustic from mercerising works is some
times available for this purpose. Caustic soda alone will effect 
a satisfactory softening of raw water having temporary and 
permanent hardness in approximately equal amounts. 

The practical cloth scourer will recognise the hardness of the 
water supply by the refusal of his soap emulsions to rise into 
free lathers, by the sudden " cracking " of the frothy emulsions 
on admitting the washing off waters, and by the extra, even 
excessive quantities of alkali needed to produce lathering. The 
scouring liquors preserve the characteristic splashing and rattle 
of a watery medium rather than the dull muffled murmur of a 
genuine emulsion ; it is sometimes possible, even when one's 
back is turned to the machine, to detect what is happening in 
this way. The scour liquors are milky rather than soapy. In 
extreme cases the boardwork and rollers of the plant become 
coated with a sticky greyish layer which simple analysis shows 
to be a basis of lime and magnesia soaps with greasy flock, a 
contamination often removable only by actually scraping the 
surfaces. Piece goods scoured under these conditions show 
uneven or cloudy places or patches of differing depth of tint 
in dyed goods. They lack brightness and frequently smell, 
especially after warehousing; the handle, to an expert percher, 
is also defective. In an indigo vat, for example, pieces con
taining lime and magnesia soaps exhibit bright and glistening 
patches easily seen as the cloth runs below the surface of the 
liquor, and often a scum col.lects, which again proves to be 
primarily the insoluble mineral soap basis referred to above. 
If the fabrics are scoured in an ordinary dolly, the contamina
tions tend to run warp-ways as patchy streaks, owing to the 
drawing out action of the rope of cloth as it runs through the 
machine, but map-like areas of irregular outline also occur. 
In severe cases there is no alternative but treatment of the 
goods by a bath of slightly warmed dilute hydrochloric acid 
in a jigger, followed by very thorough washing and rescouring 
with proper water. 
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The scour should be a double operation :-1. Alkali only at 
the outset. 2. Alkali and soap jointly, followed by efficient 
washing down by soft water. 

It is interesting to observe the special effect of certain 
geological formations on the water supplies originating in their 
areas from the special strata. Thus the Millstone Grit series 
which forms the high level areas of the West Riding of York
shire on one side and the East Lancashire district on the other, 
furnishes water supplies to the woollen and worsted industries 
of the one and the cotton manufactures of the other, of a 
highly characteristic type. The following is the analytical 
average of seven West Riding supplies, all of moorland 
origin:-

TYPICAL WEST RIDING WATER. 
Calcium Sulphate 2.75 
Calcium Carbonate 0.75 
Magnesium Carbonate 0.75 
Magnesium Chloride 0.90 
Sodium Chloride 1.33 
Magnesium Sulphate 0.66 

Grains per gallon 7.14 
with traces of silica, iron, and alumina. It may be that some 
part of the mineral bases, lime or magnesia, exists in these 
waters as salts or organic acids derived from the decomposition 
of the cellulose of the peat tissues ; such acids, of somewhat 
obscure composition, are described as humic acids. There is 
some ground for concluding that the production of Formic acid 
in these waters is a stage in the breaking down of the vegetable 
fibre. The waters of this peaty type are often slightly yellow 
or brownish. They take up some oxygen from a solution of 
permanganate of potash and are slightly corrosive on lead or , 
iron pipes. 

The total hardness is approximately 3-5 degrees, the per
manent exceeding the temporary (3½-2½)- There is little 
dissolved carbon dioxide, and there is a little acidity, due to 
the peat acids. Many factories lying high up on the Pennine 
watershed enjoy abundant supplies of water of this type, 
requiring no treatment other than sedimentation or filtration 
against suspended matter or flood-borne detritus. In the 
rivers or canals at lower levels, the dissolved and suspended 
contaminations rapidly increase ; the hardness rises to 9-10, 
or more, and the suspended filth from sewage or industrial 
eflluents takes on the character of actual mud, etc. The 
lower levels of these districts lying on the Coal Measures of the 
Carboniferous System supply wells and boreholes of greatly 
varying nature ; waters of 10, 12, 18, etc. degrees of hardness 
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are common, the permanent exceeding the temporary, some
times in a curiously constant ratio. 

Similar conditions to these are present in the Lowland 
Woollen district of Scotland. The West of England and the 
Midland Hosiery area are afflicted with an extremely variable 
series of waters, many of high degrees of hardness and very 
commonly necessitating chemical treatment. 

FILTRATION. 
It is extremely desirable to filter textile waters; all turbidity 

or suspended matter is dirt from the textile point of view. The 
kind of matter carried in this way varies with the soui;ce. Rain 
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FIG. 5.-SAND FILTER. 

water, if collected from roofs, carries atmospheric dust and 
soot, the dust being in the neighbourhood of smoky towns 
mainly flue ashes in an extremely fine state of subdivision ; 
such ash may by partial solution harden the rain in a surprising 
manner. Spring waters may carry humus and fine silt; moor
land waters, particularly, have much flocculent peaty matter 
in suspension. River waters are especially turbid, with mud 
of a complex kind, even fine flocks of the textile fibres and 
sediments from dye-vats and all the impurities of sewage ; 
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quite commonly they are oily also. Canal water in manu
facturing districts is a little less turbid, but may be equally 
hard and generally objectionable. 

Filters are of various types, and act on as diverse principles. 
Coarse flock and fibrous matter is removable by screens, 
preferably of a rotating type, and fitted with cleaning brushes 
or other devices. Chemical filtration by the use of precipitants, 
e.g., Aluminium Sulphate, Alumino-Ferric compounds, etc., is 
practised on the large scale for continuous operation. The 
filtration for public potable supplies is usually of the sand-bed 
kind, and it is quite possible to instal sand filters near the 
scouring plant, and thus ensure a clear supply for washing off. 
Such a filter, capable of construction in two-inch plank by an 
ordinary millwright is figured on this page. 

The water supply from a one-inch tap falls into chamber A ; 
the filter chamber proper has a perforated board as its base, 
and is graded with sandstone, quartz, crushed flints, etc., in 
three sizes :--one inch, half-inch, and grit. The overflow leads 
to storage tanks capable of holding 3000 gallons or more. A 
simple device of this kind installed near the scouring plant, so 
as to avoid long pipe-runs, will ensure the stoppage of all 
suspended matter, and supply three or four machines in 
continuous operation. It should be emptied and washed down 
by reverse flow frequently-weekly if the supply is much 
polluted-and the filter bed renewed, say, every twelve months ; 
the top layer of finest material may be scraped over more often. 
It is remarkable what an amount of fine peaty silt and flocculent 
material this filter will stop, even from a public supply. 

It is quite common to find this peaty sediment mistaken for 
iron corrosion. Iron rust is a variable mixture of ferrous and 
ferric oxides with water of hydration approximating to the 
composition :-80-90 oxides of iron, 20-10 per cent. water. 

The subject of filtration is becoming so important in textile 
practice that it is desirable to expand the introductory matter 
given above. The scouring departments are primarily con
cerned with the supply of soft and clear-often speckless
water; and the effluents produced in the scouring operations 
may require coagulation and precipitation with a subsequent 
filtering process prior to their final discharge. In this latter 
case, rough beds of boiler ashes are usually employed for the 
watery portion of the acidified seak liquor and layers of sawdust 
for the grease residues. For the purification of water supplies 
many materials are used, e.g., clean sand, crushed quartz, 
gas-house or furnace coke, charcoal, shavings of wood-wool, 
textile fabrics such as canvas or coco matting, artificial masses 
containing magnetic oxide of iron, sponges, etc. Filters of 
this class depend for their efficiency, apart from simple straining 
action, on the formation of a peculiar jelly-like mass of a low 
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type of plant life within the pores of the medium. This 
phenomenon, well known in the large sand beds of the filters of 
public supplies, is necessary to their efficient operation, and 
after renewals two to three days are allowed for its development. 
The removal of foreign matter in the raw water by this agency 
is exceedingly thorough, extending even to the bacterial 
content ; when over-developed, the gelatinous film must be 
cleared away, or fresh filtering medium substituted. 

In the modern Rapid Mechanical and Pressure Filters, an 
artificial film of similar type is produced by first rendering the 
raw water slightly alkaline, if necessary, and then adding a 
suitable proportion of an aluminium compound as coagulant 
and precipitant, e.g., aluminium sulphate or alumino-ferric. 
Such plant is made to filter at greater rates than the older 
methods, but large initial expense is incurred and it is quite 
easy to pass fine precipitates of the coagulant into the supply, 
if the plant is excessively or negligently worked. Matter of 
this kind is of course as dangerous in textile work as any 
mineral soaps due to abnormally hard waters. It should not 
be forgotten that "plant "-water softeners, filters, and the 
like-requires regular and efficient attention just as the ordinary 
running machinery of the works. 

STORAGE OF WATER. 
The storage of water, raw, filtered, or treated, requires some 

notice. As a rule, the water of a textile works is taken from 
a dam, pond, or reservoir fed from a stream, the volume of 
storage being less the greater the constancy of flow from the 
source. It is plainly better to accumulate under these more 
or less stagnant conditions as little as necessary, for special 
troubles due to sedimentation, growths, etc., may develop. 
The ordinary mill dam, particularly on the lower reaches of a 
stream, is often a deplorable spectacle of filthy residues of mud, 
sewage, and general refuse with discoloured oily water, sometimes 
soapy, carrying surface scum, the common sink of pollution and 
decay. Originally many of these were planned as reservoirs 
for water power and are of the roughest construction, often 
mere local depressions in the earth ; in course of years dense 
masses of sludge are formed therein, and a condition ensues 
somewhat resembling the treatment tanks of a sewage works. 
The writer has, in consulting work, seen instances in which a 
proving rod could be easily thrust by hand ten feet down into 
such a deposit ; in which also small shells, worms, young fish 
and even frogs were passed into the works supply. Vegetable 
contamination-surface scum of algal type, loosened masses of 
pond weed, or decayed leaves, etc.-is so common as to be 
almost normal. Pollution of this type may be very trouble
some; it can be so pronounced that washed-off pieces after 
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scouring show slight discolouration-greenish yellow due to the 
plant chlorophyll-from the water. Storage dams for crude 
water should be provided with some straining device at the 
exit to remove all solid impurities ; a perforated casing of 
brickwork or planking built round the outfall pipe, and filled 
with coke, gravel, etc., is useful. Wood-wool is effective and 
can be easily forked out when choking occurs, but any arrange
ment will require regular attention. Abnormal vegetable 
growth in dams may be checked by chemical poisoning ; the 
popular provision of a couple of swans for this purpose is a 
poetical sentiment. Taking advantage of a week's stoppage 
at a holiday season, the pond is treated with chlorine by placing 
a tray or bag of bleaching powder at the infall, or by towing a 
porous sack through the water ; the after addition of some 
common vitriol is useful. This is allowed to act un the 
vegetable growths for a day or two, or longer if convenient, 
and it may be desirable to lower the volume of water to secure 
a vigorous action. The dam may then be run off and cler.ned 
of deposits as perfectly as the circumstances will allow. Crude 
Sulphate of Copper is an effective poison for vegetable growths 
in these cases. Dams subject to this trouble will need repetition 
of the treatment at proper intervals. 

There is in the industry an all-round neglect of the matters 
of the present section. In a case of peculiar fabric stains 
developed at the scouring end of a first-class worsted manu
factory, the writer ascertained that a filter and cistern, built 
on a roof about 40 feet above ground level and originally 
supplied with a medium of sand, gravel and charcoal, had not 
been cleaned or renewed for over twenty years. It is a not 
uncommon belief in the finishing and dyeing trades that 
troubles are unusually prevalent in the autumn season, when 
water supplies are more than ordinarily polluted by deficient 
rainfall, extra plant growth, and various kinds of decaying 
vegetable matters. Cases of choking of mains would be less 
frequent if care were taken to strain out suspended solids at 
the intake. It is a frequent delusion that the deposits of 
choked water mains are the rusty products of the corrosion of 
the pipes. In the mains supplying the moorland waters of the 
West RidiJag there is a large amount of peaty sediment of a 
finely divided or even colloidal character. 

The storage of a filtered or softened water need not in most 
works be on so extensive scale. Cemented tanks, or reinforced 
concrete, are useful for large demands ; slight hardening of the 
water takes place in these when newly erected. In other 
instances, wooden cisterns holding up to 5000 gallons each are 
suitable. Such tanks are made of many varieties of timber 
and are preferable for textile uses to the iron tanks often 
employed. Circular vats are cheaper than the square or 
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rectangular forms, as timber of smaller sections is available 
for their construction. All woods consist fundamentally of 
ligno-cellulose with certain proportions of gummy or resinous 
substances and in special cases some tannins and colouring 
matter. For tank or vat making, the ideal timber will not 
convey any colour, taste, or smell to the liquid stored, nor 
change in any way its chemical nature. It should further 

Frn. 5a.-FLOCK CATCHER. 

Fig. 5b-ROTARY PUMP. 
LONGWOOD ENGINEERING Co., LTD. HUDDERSFIELD. 

suffer little or no attack of its own substance. These difficult 
criteria are not fully met in practice, but the ordinary textile 
conditions of pure water or dilute solutions are fairly fulfilled. 
As a rule, dilute acids at the ordinary temperatures affect 
woody tissue but slightly, but alkalies almost invariably 
extract colouring matter, gum and resin, and the tannins ; 
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their effect is much enhanced at higher temperatures, the 
absorptive capacities of different woods vary very greatly, and 
the degree of swelling is also irregular. Certain woods, e.g., 
redwood, become brittle in special solutions such as weak 
sulphuric and hydrochloric acids. Cypress is a highly resistant 
timber, and pine is generally applicable ; pitch pine is excellent 
for cold water tanks. Oak has good mechanical and damp
resisting qualities, but is troublesome in persistent colour 
bleeding, particularly in soapy or alkaline media. In fact, 
caustic or warm alkaline liquors are unsuited to storage in 
wooden vessels. Fir is more proof against sulphuric acid than 
any other timber. All woods due to absorption expand in cold 
water or water solutions, a fact which renders possible their 
tightness even when containing many tons of liquid. 

RECOVERY OF POLLUTED WATERS. 
The general increase of modern industry and extensions of 

particular works have led to more than ordinary demands 
upon local sources of water supply, and hence the problem of 
recovering water from various works operations for re-use has 
arisen. The principal available sources of used water are :-

1. Condensations from steam engines or heating systems, 
drainages from steam mains, etc. 

2. Effluents of varying quality from scouring, bleaching, 
dyeing or finishing operations. 

The waters of the first class are liable to be contaminated 
by oil and pipe corrosion. In the second class it is advisable 
to take the purer portions only for recovery, i.e., the wash-off 
waters from the later stages of piece scouring operations. The 
methods of purification are based on the principles elaborated 
in the preceding pages. Some screening or sedimentation or 
filtration will be needed, but usually no actual softening ; a 
precipitation by chemical means such as alumino-ferric may 
be required, and subsequent decantation or filtration. The 
final product can be almost free from colour and suspended 
matter, but some alkalinity remains due to soda ash, which 
is in most cases unobjectionable. The recovered water should 
be sufficiently free from organic matter as to be non-putrescible. 
Such waters are quite suitable for many textile operations 
such as the first or second bowls of wool washing. 

BOILER FEEDS. 
The wet processes of cloth finishing are dependent upon the 

steam supply in a measure second only to the provision of good 
and abundant textile water, and serious troubles may directly 
.originate at the boiler house. Hard water causes scaling in 
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the boilers and economisers ; corrosion of the plates and 
fittings, overheating and distortion of the flues, tubes, or the 
boiler shell, and priming or foaming may all occur with faulty 
boiler feed water. 

The scale forming constituents are mainly the hardness salts 
of the water, viz., sulphate and carbonate of lime, carbonate 
of magnesia, with any silica and oxides of iron and aluminium 
present ; easily decomposed bodies like magnesium chloride 
may contribute the basic portion to the scale, yielding 
hydroxide. The soluble salts, e.g., sulphates of soda and 
magnesia, chlorides of calcium and sodium, carbonate of soda, 
etc., have no scale forming tendency, but in excess tend to 
cause foaming. It is recommended to keep the specific gravity 
of the boiler water at not more than 1.04 or less in high pressure 
installations, making frequent tests by the hydrometer. These 
soluble saline constitutents of the water may contribute to the 

Fm. 6.-EFFECT OF SCALE. 

internal corrosion of the boiler, and a very slight coating of 
scale is undoubtedly protective in this respect. The whole 
subject of corrosion and scaling in boilers has been the occasion 
of many fallacies. It is still common to encounter elaborate 
calculations based upon the inferior heat conductivity of boiler 
scale as compared with metal and facile conclusions of excessive 
coal consumptions deduced therefrom. It should be clearly 
understood that scale is to be prevented, not merely on grounds 
of loss of efficiency, but mainly because of serious or even 
dangerous overheating of the surfaces of the boiler. It is not 
in the first place a question of waste of fuel, but of wear and 
tear, reduction of the life of the plant, and of safety in working. 
In a clean boiler the temperature of the furnace plates is not 
far from that of the water ; quite thin coatings of scale may 
create temperature differences amounting to hundreds of 
degrees. Some experiments by Prof. Schmidt, of the Univ. 



29 

of Illinois, give the following results of heat losses due to 
scale:-

TffiCKNESS OF LOSS OF COAL WASTE 
HARD SCALE. EFFICIENCY. PER TON. 

1/50 inch 5.4% 100 lbs. 
1/32 . ,, 8.5% 140 ,, 
1/25 ,, 9.3% 180 ,, 
1/20 ,, 11.1 % 200 ,, 
1/16 ,, 12.6% 220 ,, 
1/9 ,, 15.9% 720 ,, 

Another dangerous impurity in boiler feeds is grease or oil, a 
contamination unfortunately quite common in textile districts, 
where the streams furnish large quantities of condensing water 
and where also much effluent from plants treating seak liquors 
is discha);'.ged. Such greasy matter may be present, not merely 
as visible floating films, but more insidiously in a state of 
emulsification. In a boiler it adheres to the heating surfaces 
and causes local overheating of a severe kind ; even in the 
thinnest films, almost mere traces, it is injurious. Both 
mineral oils and the animal or vegetable oils are prejudicial, 
the latter being corrosive as well as the cause of overheating. 
It has already been pointed out that a lime-soda softener is 
an effective grease remover; additions of alumino-ferric to the 
soda are helpful. It should further be noted that soapy waters 
are, from the point of view of boiler feed, to be classed as 
greasy. When boilers are opened out for cleaning, etc., it is 
important to examine carefully the plates at the water level ; 
oily impurities usually produce a line of corrosion in this region. 

The main cause of internal corrosion in boilers, especially 
those of the high pressure class, is the presence of dissolved 
gases-oxygen and carbonic acid-in the feed waters. Water 
dissolves at ordinary temperature and pressure about one part 
in a hundred thousand by weight of oxygen. If the supply 
undergoes a softening process, the carbon dioxide is mostly 
eliminated. Oxygen may be removed by passing the water 
through masses of iron turnings, or more usually by adding 
such compounds as tannin extracts. A really bad feed water 
should be corrected in an external plant, though boiler supplies 
of a fairly soft and unpolluted kind may have small additions 
made to the feed. Slight amounts of soda ash or caustic soda 
are commonly employed and the experience of many thousands 
of cases has revealed no ill effects of a corrosive nature, but 
undoubted benefits in respect of scaling, etc. It has been 
stated that the average hardness of boiler feeds in this country 
is about 11 degrees ; of this figure the proportion of the 
permanent hardness is important in this connection. A rough 
rule for boilers near to this figure would be to add from one 
to two pounds of soda ash for a Lancashire boiler per day, or 
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a rather less amount of caustic soda ; this only in the absence 
of exact chemical supervision or advice. 

In a case investigated by the author, the boiler staff, though 
provided with a small tank and pump for this purpose, had 
followed the practice of putting in about 56 lbs. of soda ash 
all at once on refilling the boiler after the periodical runs of 
six weeks. It is hardly necessary to say that serious priming 
had occurred. In another case, the engine-tender admitted 
the daily addition of a bucket of soda ash, say 20 lbs., to the 
hot well, and again the result was immediate and vigorous 
priming extending along the steam mains to the dyehouse and 
the scouring shed. 

Priming, or foaming, is the excessive or violent ebullition of 
the contents of the boiler, usually resulting in carrying along 
the steam mains a dirty froth of the impurities of the feed 
and the corrosion, with disastrous effects to the dyeing and 
finishing operations. It is far commoner in textile works than 
the boiler staff is ordinarily prepared to admit. It may be 
caused by dirty feed water, especially with greasy or soapy 
admixture ; too high a water level in the boilers, i.e., too little 
steam space ; forcing the boilers ; presence of suspended stuff 
of a colloidal nature, e.g., scum, muddy or peaty matter ; 
excess of saline constituents, etc. Fluctuations of steam 
demand cause foaming when very severe. The sudden lower
ing of pressure in the steam space produces violent ebullition, 
because the water is at a higher temperature than the steam 
at the reduced pressure ; the surface layers of the water are 
lifted bodily in the form of a froth. Such foaming is more 
persistent the greater the contamination of the boiler water. 
Many cases of leaky valves, escaping joints, acute steam 
hammer in the mains, etc., are due to priming in the boilers. 
Lesser degrees of foaming occur often without becoming 
evident to the dyeing or finishing staff, except by defects in 
the goods ; these are revealed as irregular map-like areas of 
different shade to the general level of the fabric, where the 
deposition and local absorption of the filth transported in the 
frothing of the steam has taken place. A serious example of 
this kind occurring in a large woollen mill was traced to the 
priming of the boilers ; this was due to the addition of a large 
quantity of soda ash on filling the boiler after cleaning, 
together with one or two buckets of fuller's earth. After a 
certain period of running-the boiler pressure was 160 lbs.
a copious formation of colloidal alumina compounds took place 
with consequent foaming, and further damages to the materials 
in work. The fuller's earth was added by the attendants under 
the impression that it prevented or loosened the scale. It is 
interesting to observe-as an illustration of the caution 
required in these affairs-that the presence of excessive amounts 
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of aluminium hydroxide in the boiler water was at first 
a.scribed to the discharge higher up the stream of the washings 
from mechanical filters using alumino-ferric precipitation ; 
the boiler staff in the first instance, concealing the fact of their 
addition of fuller's earth. 

Another method of controlling the boiler water is based 
upon an electric method of determining the conductivity, 
which is roughly proportional to the concentration of dissolved 
salts ; at a given ratio the boiler is blown off. 

Steam. 
As a useful preliminary to any discussion of steam generation 

and utilisation in textile works, it is desirable to append some 
account of the properties of steam in the scientific aspect. It 
is familiar knowledge that the conversion of a liquid into its 
vapour requires heat of transformation or Latent Heat, the 
change taking place at a constant temperature until completed. 
Further, that this temperature or "Steaming point," varies 
greatly with the pressure. Taking the ordinary atmospheric 
pressure of 14.7-approximately 15 lbs.-per square inch, or 
one atmosphere by gauge, the corresponding boiling point is 
212 Fahrenheit, or 100 degrees Centigrade. The principal 
properties connected with this temperature and pressure are as 
follows:-

Pressure :-14.7 lbs. per square inch, or one atmosphere 
above vacuum. 

Temperature :-212°Fah. or 100°Cent. 
Total Heat from Water at 32°F. :-1146.6 B.T.U. 
Heat in Liquid from 32°F. :-180.9 B.T.U. 
Heat of Vaporisation or Latent Heat of Steam:-965.7 B.T.U. 
Density of Steam :-0.0376 lbs./cu. ft. 
Volume of 1 lb. of Steam :-26.64 cu. ft. 
An abbreviated table of the properties of saturated steam 

within finishing works practice is attached :-
PRESSURE. TEMPERA· TOTAL HEAT 

ABSOLUTE. GAUGE. TURE. FROM 32°F. 
14.7 1 212 1146.6 
20 5 228 1151.5 
30 15 250 1158.3 
40 25 267 1163.4 
50 35 281 1167.6 
60 45 293 1171.2 
80 65 312 1177.0 

100 85 328 1181.9 
120 105 341 1186.0 
160 145 363 1192.8 
180 165 373 1195.7 
200 185 382 1198.4 

lbs./sq. in. Fah. Brit. Therm. Units. 
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The specific heat of water is the amount of heat required to 
raise unit weight through unit temperature, i.e., I lb. through 
1 °Fah., and is taken as the standard or engineer's unit of heat, 
viz., the British Thermal Unit. The specific heat of ice is 
0.504 and of steam 0.48, being thus practically one-half that 
of water as liquid. 

Considering the fundamental part played by steam, both 
directly applied to fabrics in the various finishing processes and 
indirectly for power and heating, it is remarkable how little 
exact knowledge of its properties prevails in the dyeing and 
finishing industry. In addition to this, the serious increase in 
fuel prices makes it essential that the boiler house should have 
intelligent study and supervision ; an intelligence which should 
extend to the steam users in the sheds. The case for the 
heating of boiler feed waters is apparent from a simple 
illustration. Taking a boiler working at 75 lbs. gauge pressure 
and a corresponding steaming point of 320°F., about 260 heat 
units must be added per pound of water evaporated to raise it 
to the steam temperature, assuming an average feed at 60°F. 
Now as it takes 1151 heat units to evaporate water at 60°F. 
to steam at 320°F., the initial stage represents 260/1151 or 
about 22.5% of the heat of the fuel ; the other 891 units 
represent the latent heat of change of state. It is patent that 
it is an economical procedure to secure the 22.5% heating of 
the feed water outside the boiler, thus increasing the capacity 
of the boiler for its proper function, that of steam raising. 
Hence the utility of the economisers working from the other
wise wasted heat of the flue gases ; savings of 15% of the fuel 
are quite possible, but the actual results in practice are round 
about 12%. 

The question of superheating steam is primarily a matter of 
increased efficiency of the power plant and only secondarily 
useful as a means of preventing heavy condensations in long 
pipe runs to dyeing and finishing plant. Superheating causes 
steam to have a higher temperature at a given boiler pressure 
than the water from which it was evaporated ; plainly it 
secures dryness in the steam, the moisture being itself 
evaporated. In Brownlie's tests, referred to later, the averllge 
superheat on twelve of the sixty-five plants fitted with such 
apparatus, was only 38.5°F.; a figure of at least 100°F. is 
desirable from the standpoint of reducing pipe losses alone. 
If there are engines in the dyehouse or finishing shed of the 
single-cylinder non-condensing type-and these are not un
common as drives for tenters, winches, jiggers, etc.-the waste 
of steam may exceed one-third of the total used, by cylinder 
condensation alone. 

Some interesting results of an extended series of tests of 
boiler plants have been given by Mr. David Brownlie (Jour. 
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Soc. Dyers & Col., April, 1923). The Lancashire boiler is the 
favourite steam generator in the dyeing and finishing industry. 
The grate area is about 40 square feet per boiler burning some 
21 lbs. of coal per hour per square foot ; the coal has a calorific 
value of nearly 12,000 British Thermal Units, and roughly 
10% ash content. On the sixty-five plants examined, the 
evaporation was equal to approximately 760 gallons per hour 
for the standard 30 feet by 8 feet Lancashire boiler. 
Economiser savings varied greatly, the mean being 11 %-

" The true net working efficiency of the whole of the 65 plants was 
approximately 61.41 % ; that is to say, for every 100 lbs. of coal put 
into the fire, 38.6 lbs. were wasted,. . . . . . the figure that can be 
obtained using modern methods is 75%. It can be safely said that 
20% of the coal bill in the dyeing and allied industries is waiting to 
be saved by the adoption of almost elementary methods of equipment 
and control of steam boiler plant." 

STEAM MAINS. 
Very severe losses may OC<'lll' in the steam pipes supplying 

dyehouses and scouring sheds. Very nearly, a square foot of 
bare steam pipe may lose under average conditions one pound 
of steam at 100 lb. pressure per hour; a wastage reduced to 
one-tenth by suitable covering. Viewed from another aspect, 
this would amount to a coal wastage of 400 lbs. of coal per 
annum for each square foot of unprotected pipe. Good 
compositions for heat insulation of steam mains are based on 
mixtures of magnesia and asbestos, about 6 to 1, and a final 
cover of canvas coated with bitumen paint. For all reasons, 
steam pipes should be kept to the minimum diameter consistent 
with proper flow. 

If the fuel costs of the works are to be reduced to a minimum, 
the heat requirements of the factory as a whole must be taken 
into account, as well as the power generation. As a rule, 
cloth finishing works need for their operations and for warming 
of rooms more heat than for the mechanical driving of the 
plant, i.e., the power demand is usually less, often very much 
less, than the steam demand per 8e. It will be necessary in 
the future to employ steam meters in these directions more 
frequently and to find, for example, the approximate require
ments in steam, power, and other primary essentials per piece 
of fabric finished. At present there is a total lack of such 
published data in the technical literature. The conversion 
costs taken in the late War are a step in this direct.ion. Some 
few years ago, an enquiry embracing about 20 cases, mostly 
spinning mills, showed an average fuel consumption on com
pound engines of nearly 2.7 lbs. of coal per indicated horse 
power. At high pressures and with superheating, this figure 
was reduced to 1.45 lbs. and steam for other purposes added 
0.6 lbs. per i.h.p. per hour to this, making a total of say 3.3 lbs. 
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or 2.05 lbs. in the latter case. In a dveworks the steam demand 
for heating and boiling would be c~nsiderably increased, and 
the problem is solved sometimes by the provision of in
dependent boilers ; the higher pressure for the power plant, 
the lower supplying heating steam only. Under .certain 
circumstances, the required heat may be obtained from the 
exhaust of the driving engines, when worked non-condensing. 
On other occasions steam mav be abstracted at somfl convenient 
intermediate pressure. It i; apparent that the calls for power 
and for heating may not be correlated either for quantity or 
time, and the beating demands may be so divergent as:
warming up air for tentering, water for ,;couring, boiling for 
dyeing, etc. Plainly, therefore, the utilisation of the latent 
heat of a steam power plant for the general purposes of, say, a 
dyeing and finishing works, is a problem only to be solved by 
inquiry on the 8pot. 

Steam is employed in the scouring and milling departments 
principally for the heating of soap and alkali solutions, and for 
the supply of warm washing-off water. In the later stages of 
finishing it has also special functions as in blowing or decatising, 
etc. The generation of steam, as regards the running and 
maintenance of a boiler, are matters outside the immediate 
subject of this book. The question of the best boiler pressure 
for finishing purposes is, however, both relevant and instructive. 

One British Thermal Unit of Heat is the amount of heat 
required to raise the temperature of l lb. of water 1 °Fahrenheit. 
When therefore 1 lb. of water is raised from freezing-point to 
boiling, it absorbs 212-32 = 180 B.T.H. of heat. To convert 
this amount of water into steam still at 212°F. will now require 
another 966 B.T. units of heat. After this, further gains of 
temperature are obtained for a heat supply of rather less than 
half a B.T. unit per degree F. Thus 1 lb. of steam at the 
ordinary atmospheric pressure would liberate 966+ 152 = 1118 
units of heat to water at the ordinary temperature of 60°F. If 
the boiler pressure is 50 lbl'J. gauge or 65 lbl'J. absolute, the total 
heat from 32°F. being now 1173, as against 1147 at the ordinary 
boiling-point :-212°F, ; then, obviously, only another (1173-
1147) or 26 units more of heat are obtained from such 50 lbs. 
steam, say, for the purpose of heating water, at 60°.F., or other 
temperature. And again, if the boiler pressure is 160 lbs. or 
175 lbs. absolute, the total heat of the steam now being 1195, 
then (1195-1147) or 48 more units of heat are obtained for the 
purpose of warming the water supposed at 60°F., as before. 

Plainly, when steam is required merely for water heating, 
the proper course is to make relatively great use of the large 
latent heat ; high pressures are not required or economical ; 
any excess pressure only serves the function of overcoming pipe 
friction in a slight degree and diminishing condensation, quite 
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FIG. 8.-REDUCING VAL VE. 

(HOPKINSONS LIMITED, HUDDERSFIELD.) 

ACTION 01' V ALVE.-The low pressure is maintained on the underside of the diaphragm 
•"D" by means of the low pressure balance pipe " L." Any drop in pressure allows 
the main spring II S " to open the pilot valve II PY" and the high pressure steam 
passes along the external pipe u H,. to underside of actuating piston II P," thus 
lifting the main valve "V " which maintains the desired reduced pressure. Where 
the demand for low pressure steam is intermittent, the partial closing of regulating 
valve " RV" prevents any su,dden flow of steam to underside of piston II P.'' 
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a minor factor. On the other hand, economical power depends 
on the use of high pressures. It is an interesting experiment to 
put a thermometer in the folds of the wrapper on a blowing 
machine ; it will be found that, whether the machine is fed 
from a boiler at 50 lbs. or 160 lbs., the temperature at the 
wrapper is practically 212°F., i.e., the ordinary boiling-point; 
the steam in both cases expanding down to atmospheric 
pressure cools to the corresponding temperature, viz., normal 
boiling-point. 

FIG. 9.-TYPE "R" REDUCING VALVE. 

(HOPKINSONS LIMITED, HUDDERSFIELD.) 

If a boiler has to provide both power for driving machinery, 
steam for heating air for tenters, for blowing machines and 
press ovens, for heating scouring-water and for dye-vats, and 
for factory heating, etc., a compromise must be adopted ; this 
is variously done at from 50-100 lbs. gauge pressure. But 
high pressures in finishing and dye-works cause trouble by 
priming in the boilers, and carrying dirty corrosion, etc., 
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through the pipe system into the vats and plant. A modern 
method of meeting this situation is to use a power generator 
of high pressure type, exhausting, not to a vacuum, but to, 
say, 50-60 lbs. only ; this is then supplied to the dyeing and 
finishing departments for general heating requirements, where 
the enormous latent heat of the steam is most efficiently 
employed. In these days of dear fuel, this system, in one or 
other of it8 forms, is well worth the attention of owners of works. 

A frequent source of trouble in all forms of plant using steam 
for heating purposes is the condensation in the pipe-runs. It 
is a common practice, for example, to run a steam main above 
a bench of scouring machines, and drop an inch branch-pipe 
down to the water supply of each machine, fitting with valves. 
In washing-off a set of pieces, the scourer adjusts the steam 
and water taps until the temperature is considered suitable. 
It will invariably be found that the 6, 8, or 10 feet length of 
vertical steam pipe is carrying condensed water with rust, dirt, 
boiler softener, etc., accumulated during the period of resting; 
the final effect is to blow this matter on to the pieces under
going scouring, with the usual result of mysterious stains, often 
in this case confined to the pieces nearest the end of the machine. 
Steam connections of this kind should always be continued 
below the junction with the water supply, and a second blow-off 
cock fitted there. Before turning on for washing purposes, the 
pipe should be cleared of condensation at this lower cock for a 
few seconds. 

There are many different arrangements for hot-water supply 
in textile operations, and in most cases great waste of heat is 
incurred:-

1. The system of open tanks with a jet of live steam 
delivered near the bottom, often from a perforated pipe. 
In this case there are severe losses from the surface of 
hot water by evaporation and by radiation, followed 
also by the evils of condensation on to neighbouring 
surfaces. Moreover, there is possible contamination 
from the steam supply referred to above. It necessarily 
also means storage more than corresponding to the 
average demand for heat, and is further wasteful on 
this account. 

2. An open tank heated by a closed steam coil. in the 
bottom. This prevents steam contamination, but is 
otherwise practically as wasteful as (1). 

3. A closed heater--of a plate or tubular type--of a size 
proportioned to a little more than average demand, 
with a small storage for a peak load. This plan is much 
more economical ; exhaust steam may be used, as 
pressure is not required in accordance with the general 
principles laid down at the beginning of this section. 
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Mere gravity circulation by the difference of density of hot 
and cold water may not be rapid enough for a heavy demand 
on the storage. The special circumstances of a particular 
plant should be considered in this respect ; it is possible that 
a system using exhaust steam and closed storage tanks with 
pumping circulation of the heated water may prove the most 
efficient in practice. The cheap fuel of the pre-war period was 
responsible for a good deal of neglect of heat economies in 
textile works. 

In the storage of hot water it is essential to insulate the 
tanks against heat losses by radiation, etc. A non-conducting 
covering of from 6-9 inches will reduce such losses to not more 
than one-twentieth pound of steam condensed per square foot. 
In other words, a large tank might suffer a fall in temperature 
per hour of not more than 5°F. 

When water is heated by direct steam, as is common in 
dyeworks, the volµme is much augmented by condensation. A 
simple calculation shows that 100 gallons raised from freezing
point to boiling-point by this means adds nearly 19 gallons to 
the bath. The process is also very noisy, but this can be 
diminished by leading the steam pipe into a perforated box 
containing pebbles, etc. As compared with indirect means of 
heating, it is of course an economical method. 

The Fuel Economy Committee of the F.B.I. give the follow
ing table of certain heat losses in boilers using an ordinary 
bituminous coal, the wastages being expressed as percentages 
of the total calorific power of the coal, which might be assumed 
as about 11,000-12,000 B.T.U. :-

GOOD 
LOSS DUE TO 

PRACTICE. 

1 o;, 
;0 

2% 
1% 
2% 

Heat in blow-down water 
Carbonaceous matter in ash and clinker i 
Smoke and incompletely burnt gases I 
Heat dissipated by radiation, etc.,' 

from boiler setting 
0. 5% Moisture in steam 
4. 5% Latent Heat in water vapour from coal 

-~18% Sensible Heat in chimney gases 

COMPOSITION OF SEA WATER. 
8odium Chlorid..,, 
Magnesium Chloride 
Magnesium Sulphate 
Calcium Sulphate 
Potassium Chloride 
Calcium Carbonate 
Magnesium Bromide 

Total 
Water 

2.700 
0.360 
0.230 
0.140 
O.OtsO 
0.003 
0.002 
3.515 

96.485 

BAD 

PRACTICE. 

3% 
6% 
4% 

6% 
2% 
4.5% 

36% 
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FIG. 10.-THERMOSTATIC CONTROL. 
(MESSRS. HOPKINSONS LIMITED, HUDDERSFIELD.) 
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CONTROL OF TEMPERATURE. 
In many textile operations such as dyeing, scouring and 

blea,ching, a definite temperature must be maintained if 
uniform results are to be secured. Thus, in wool washing the 
limits of temperature are narrow and the bowls must not be 
allowed to cool below the lower limit, otherwise, badly scoured 
batches will pass forward to the spinning department. In 
peroxide bleaching, indigo dyeing, etc., proper temperatures 
must be attained and controlled. To secure this, exact 
regulation independently of the human factor, apparatus of 
the thermostat type is occasionally fitted to the plant. Such 
devices depend on the expansion principle, usually of liquids 
or gases in a hermetically closed system, this expansion 
causing a pressure which is used to actuate the valve system. 
In the Hopkinson Thermostat Control Valve, figured in the 
text, an intermediate pilot valve is operated by the pressure 
diaphragm and the main valve controlled from this by a 
piston. The arrangement secures sensitiveness, i.e., quickness 
of response, with definite control. The principle and details 
of construction will be apparent from the explanatory drawing. 

POWER IN THE FINISHING DEPARTMENT. 
The excessive costs of fuel in post-war years have compelled 

attention in textile works to economies both of heat and 
power. It is not intended in a text book of cloth finishing to 
cover completely the power problems of textile factories, but 
some knowledge of this side of management is essential to the 
supervisors and staff. In what follows, the provision of 
electrical power is mainly considered. The power demands of 
a finishing plant have special features, in the following 
respects:-

(a) There are many different types of machines in the plant. 
(b) Most of these-milling, press pumps, etc., excepted-are 

of moderate power. 
(c) Many of them are intermittently worked, stoppages for 

adjustment, etc., being frequent. 
(d) Very exact, steady or synchronous driving is not par

ticularly necessary. 
(e) There is a great range of speeds, and some must have 

variable speed. 
(f) It is very advantageous to run certain machines overtime 

or individually, e.g., the Tenter. 
When these considerations are reviewed, it is seen that the 

power supply need not be particularly heavy, that it will be 
fluctuating, there will be great speed variation and consequently 
difficulty in assembling the units, and further, it is very desir
able to secure general cleanliness in the driving arrangements. 
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If the finishing department is one portion of a complete factory, 
its power demands will be considered a part of the entire 
installation, and the question of separate engine or generator, 
shaft drives, or electric supply will be determined accordingly. 
In any case, however, it will be found that the power supply 
for a finishing works is peculiarly fitted for provision by an 
electrical system. The convenience of location, elimination of 
overhead shafts and belts, ease of additions or extensions, 
reliability, economy, low maintenance costs, make electric 
driving the ideal system for a cloth finishing plant. Whether 
the electrical energy shall be generated on the spot or taken 
from the mains of a municipality or power company is a 
questioP of circumstances. Generally speaking, if the finishing 
plant is isolated and the problem is for the providing of power 
for the finishing machines only, it is best to purchase the 
energy from a public supply ; capital expenditure is reduced, 
the supply will be steadier and more reliable, there is practical 
immunity from breakdown, and in many cases the running 
cost will be less, even though a boiler for the supply of process 
steam may be on the works. Small steam engines, in these 
days of dear fuel, are uneconomical. The writer has known 
cases where the transmission losses in mills of the older type 
(the vertical shaft with cross bevels of the Fairbairn design) 
have amounted to over 40% of the coal bill. 

A table of the different machines of a finishing plant is given 
below, with suitable pulley sizes, speeds aBd average horse-
powers required:- MACHINE REvs. PER 

PULLEYS. MINUTE, H.P. 

Open Washer 24 X 6 ins. 120 4 
5-ft. Dolly Washer 30 X 6 90 7 
6-ft. Washer Off 30 X 6 90 7 
Mangle or Squeezer 14 X 3 

" 
120 3 

Miller, roller 30 X 7 100 8-10 
Tenter ; 3B, 12L 16 X 4 

" 
150-180 4 

Tenter, fan 8 X 4 900 3 
Teazle Gig 20 X 6 

" 
150 6 

Brush Dewer 14 X 3 
" 

240 2 
Cutting or Shearing 10 X 2½" 300 1.1 

2 

Single Brush 18 X 4 300 3 
Rotary Press 18 X 4 190 4-6 
Blowing (machine) 18 X 3 180 2 
Blowing (pump) 30 X 6 90 10 
Rigger and Folder 13 X 3 75 3 

4 
Baling Press 18 X 3 

" 
220 7 

The more time and thought which can be given to questions 
of lay-out, grouping, individual drive and similar details, and 
the better, the final experience of most managers being that 
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subsequent working invariably shows up weaknesses in the 
initial planning. It is now a settled question that the best 
all-round system of electrical driving is by means of 3-phase 
alternating current of 50 periods and a voltage of 400. These 
data are becoming a standard for supply companies in this 
country, and manufacturers of electric motors stock units of 
all powers and speeds, such as 940, 720, 480, 375, etc., revolu
tions per minute. In any particular works, the plan of the 
mill or a rough drawing drafted out is obtained on which the 
machine positions, the line shafts and the speeds are marked. 

Such a plan is necessary, in order :-
(a) To locate the supply points and distribution boxes with 

switch gear. 
(b) To arrange the most convenient and economical cable 

runs. 
(c) To ascertain the best arrangement qf drives, group or 

individual. 
(d) To fix the positions of the motors and drives therefrom. 

The question which now arises is the number of motors to 
be installed, i.e., into how many drives the plant shall be 
subdivided. This problem of grouping v. individual driving 
depends on two factors, viz., (1) Initial Cost, (2) Running Costs. 
It can only be settled on the consideration of the special 
circumstances. A large number of comparatively small motor 
units makes for heavy first cost, both on the machines them
selves and on their installation. Hence, from the point of 
view of low initial expenditure, the motors should be as large 
as possible. To take a numerical example, an installation of 
ten 5-h.p. 960 r.p.m. squirrel cage motors at £5 2s. 0d. per h.p. 
would cost £260; two 25-h.p. 960 r.p.m. squirrel cage motors 
at £3 10s. per h.p. would cost £175 ; and a single 50-h.p. 
motor at £2 15s. per h.p. would only cost £137 10s. 

Coming to the factor of running costs, it is evident that an 
increased initial expenditure resulting in a small percentage 
saving in running expenses is very soon offset by these 
diminished running costs, the reason being that while the first 
cost is stationary the running charges carry on year after year, 
and are thus cumulative over a period of time. If, for 
example, the running costs of the installation were diminished 
by 5%, the total saving in ten years would be 50% of the 
initial expenditure on the plant installed. The basis of the 
whole question depends upon the following points :-

(a) Will the machines to be driven run constantly throughout 
the working day, or are they intermittent ? 

(b) Is the existing method of driving efficient ; or can it be 
made more efficient by splitting it up into several units ? 
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In order to illustrate these points, consider a mill of six floors 
driven by a vertical shaft and cross bevels to the line shaft on 
each floor. It would be possible to drive the upright shaft by 
a single big motor, but it is very much better to instal a 
separate motor on each floor to each line shaft. Take again 
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the common case where several heavy shafts are driven by 
ropes from one to the other, some of the shafts often being 
mere intermediates, carrying no machines themselves. It is 
nearly always better to make these shafts into separate motor 
drives. Further, where very great steadiness of running is 
necessary it is found that the distant machines are more 
uneven in speed variation, owing to the torsion of the shafts 
and the slip of belts and ropes. In this case, subdivision is 
required and motor units installed. It must be remembered 
that in general the efficiency and power factor of electric 
motors is higher as the size of the motor increases with a given 
speed, but on the other hand a large motor driving a group of 
machines and operating under full load when some of the 
machines are off duty, loses rapidly in efficiency. Also, if 
rearrangements are desired, this is a simple affair when the 
machines are individually driven, but if they are gro,1ped it 
usually means that a motor is either over-loaded or under its 
rating, both of which are undesirable conditions. 

Another important point, and usually the most difficult, is 
the actual horsepower of the motors to be installed for the 
various drives. The correct rating must be found, because :-

(a) The efficiency of a motor is highest at its full load and 
diminishes as the load falls. 

(b) In most cases the charge for current is based on kilo
volt-amperes (K.V.A.), therefore the power factor of the 
motor must be as high as possible. 

The following illustration shows the effect of the power 
factor on the running costs:-

For the typical installation with power charges of 8/- per 
k.v.a. per month of maximum demand, plus 0.5d. per unit. 

If the power factor of the installation were 0.85, the total 
running costs would be about, per year, £3,900. 

If the power factor were 0.6, the total running costs per 
year would be about £4,800. 

Showing a, saving in a year's running crn,t'l, due to an 
increase in power factor from 0.6 to 0.85, of approximately 
£900. 

The following example shows the savings which may be 
effected by an increase in efficiency :-

For the same typical installation of the figure with power 
charged at a flat rate of ld. per unit. 

If the motors had an overall efficiency of 90%, the annual 
running costs would be approximately £3,700. 

If the overall efficiency were only 70%, £4,750. 
Hence an increase of efficiency of from 70 to 90% would 

result in an annual saving of approximately £1,050. 
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There are many complications, however, in that many 
drives take widely varying powers, owing to intermittent 
running of machines, machines standing, and in some cases 
machines being loaded differently at different times. Also, 
there are cases where different classes of materials are manu
factured at one time or another, with the consequent varying 
load. These variable factors are very characteristic of a 
finishing plant. A diversity or load factor must therefore be 
assumed in each case, i.e., a mean load for each drive; this 
varies in most mills, but can usually be taken as round about 
1.2 to 1.5. It will be wider on a purely finishing plant. 
Fortunately, motors of reputable make have an overload 
capacity which is standardised at 25% for two hours, 50% for 
half-an-hour, and 100% momentarily; this can be taken 
advantage of, as in many instances the heavier loads only 
obtain tor a limited period, and the overload capacity of the 
motors may be utilised to carry the peaks. Alternating 
current 3-phase induction motors can be obtained in two 
types:-

(1) Fitted with slip-rings mostly used in large sizes for 
starting under heavy loads. 

(2) The squirrel cage type, where there are no sliding 
electrical contacts at all. 

Without doubt, the squirrel cage motor will be used wherever 
possible rather than the slip-ring, on account of its lower first 
cost, its greater simplicity and the less complexity of the 
control gear. In many cases it is necessary to use the slip
ring motor for the following reasons :-The starting torque is 
greater than that of the squirrel cage motor, and if the high 
starting torque is necessary (i.e., where there are direct drive 
and no clutches or fast and loose pulleys) the slip-ring motor 
must be used. Further, owing to the large initial current 
taken by the squirrel cage type, the supply company usually 
fixes a limit to the size of motors of this kind permissible on 
the mains. In these days it is becoming common to fit some 
form of centrifugal clutch, so that the motor may get up full 
speed before taking on the drive. 

Motors are built with several types of enclosures, i.e. :
(a) Open Protected Type, giving free ventilation. 
(b) Enclosed Ventilated Type, similar to above, but with 

wire gauze or expanded metal over the openings to 
exclude flock, etc. 

(c) Pipe Ventilated Type. These are totally enclosed, 
except for one inlet and one outlet flange, and have an 
internal fan to draw air through the motor. Ducts or 
pipes are fitted to carry cool or clean air to the motor. 

(d) Totally Enclosed Motor. No openings, but the heat is 
dissipated by conduction through the carcase of the motor. 
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In finishing rooms, there must be exclusion of flocks and 
moisture, and the enclosed or pipe ventilated kinds are often 
used. 

The motors may be direct-coupled to the machines or shafts, 
or there may be belts, ropes, chains or gears as connections. 
The points which determine the nature of the connection are 
the shaft speed, the available space and nature of the surround
ings and the size of the motor. In electric motors, the prime 
cost decreases with increase of speed, due to the dimensions 
of the motor being relatively smaller, and the power factor is 
greater in the higher-speed machines. But shaft speeds are 
often low in textile drives, and double reduction belt or gear 
drives are expensive; hence, low-speed motors cannot always 
be avoided. Again, a cramped space may necessitate a chain 
or gear drive, or a bad atmosphere in bleaching or carbonising 
may prevent a belt q.rive functioning well. Belt drives are, 
in general, cheapest, will allow some end play, and the slip 
prevents shocks ; the usual pulley ratios range not greater 
than 4 or 5 to 1, preferably the former. Only on larger pulleys 
can rope drives be successfully used. The drive by gearing is 
useful when the shaft or machine runs at a low speed, e.g., 
press pumps. Chain drives are becoming increasingly popular 
where short driving centres are entailed and the speed ratio 
between driver and driven is not more than, say, 6 to 1 ; 
rigid supports and perfect alignment are essential. In certain 
cases, helical gearing makes an efficient but somewhat expensive 
drive. It is not often in finishing machinery that direct 
coupling of the motor on the machine shaft can be resorted to, 
but occasionally a clutch makes this possible. 

A few typical cases may now be discussed as illustrations. 
Taking first the milling shed, with a line shaft running at 90 
to 100 r.p.m. This might be arranged by:-

(a) Gear drive from a 960 r.p.m. motor. 
(b) Double reduction belt drive from a 960 r.p.m. motor. 
(c) Speed up the line shaft to 180 r.p.m. and drive through 

a belt from a 720 r.p.m. motor. 
(d) Pair two milling machines on one motor with a chain 

drive to large sprocket wheels on their shafts. 
The first arrangement is very efficient, but would be costly 

for gearing and millwrighting. The second is reasonably 
-efficient, but requires space, while the third is cheapest and 
fairly compact and efficient. The fourth is a good job, but 
,costly. Scouring plant for pieces may be similarly treated. 
In the tentering room, it would ordinarily be practicable to 
,couple the motor directly on the fan shaft and take the com
paratively low-power tenter drive by reduction from this. 
'Shearing machines, with fairly high speeds but very low power, 
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arc best grouped on a single line shaft. The blowing machines 
can run from a shaft at 180, and the exhaust pump also by 
half reduction from the same shaft. Hydraulic presses must 
have double reduction gearing to get the requisite low speed 
and power. 
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The usual systems of laying cables and Wll'lng are:
(a) Paper Insulated, or (b) Vulcanised India Rubber Insulated. 
The former is always lead-covered and the latter may be 
armoured ; if unarmoured it would be run in steel conduit. 
These lead to four alternative methods of wiring:-

1. V.I.R. Cable run in conduit. 
2. V.I.R. Cable armoured clipped to the walls. 
3. Paper Insulated, plain lead-covered, run in cleats on 

cable racks. 
4. Paper Insulated armoured clipped to the walls. 

The cheapest for the smaller cables is to run V.I.R. Cable 
in conduit ; for main cables to distribution boxes or large 
motors, the cheapest is Paper Insulated Cable. 


	cover0000
	cover0001
	cover0002
	cover0003
	page - 0001
	page - 0002
	page - 0003
	page - 0004
	page - 0005
	page - 0006
	page - 0007
	page - 0008
	page - 0009
	page - 0010
	page - 0011
	page - 0012
	page - 0013
	page - 0014
	page - 0015
	page - 0016
	page - 0017
	page - 0018
	page - 0019
	page - 0020
	page - 0021
	page - 0022
	page - 0023
	page - 0024
	page - 0025
	page - 0026
	page - 0027
	page - 0028
	page - 0029
	page - 0030
	page - 0031
	page - 0032
	page - 0033
	page - 0034
	page - 0035
	page - 0036
	page - 0037
	page - 0038
	page - 0039
	page - 0040
	page - 0041
	page - 0042
	page - 0043
	page - 0044
	page - 0045
	page - 0046
	page - 0047
	page - 0048
	page - 0049
	page - 0050
	page - 0051
	page - 0052
	page - 0053
	page - 0054
	page - 0055
	page - 0056
	page - 0057
	page - 0058
	page - 0059
	page - 0060
	page - 0061
	page - 0062
	page - 0063
	page - 0064
	page - 0065
	page - 0066
	page - 0067
	page - 0068
	page - 0069
	page - 0070
	page - 0071
	page - 0072
	page - 0073
	page - 0074
	page - 0075
	page - 0076
	page - 0077
	page - 0078
	page - 0079
	page - 0080
	page - 0081
	page - 0082
	page - 0083
	page - 0084
	page - 0085
	page - 0086
	page - 0087
	page - 0088
	page - 0089
	page - 0090
	page - 0091
	page - 0092
	page - 0093
	page - 0094
	page - 0095
	page - 0096
	page - 0097
	page - 0098
	page - 0099
	page - 0100
	page - 0101
	page - 0102
	page - 0103
	page - 0104
	page - 0105
	page - 0106
	page - 0107
	page - 0108
	page - 0109
	page - 0110
	page - 0111
	page - 0112
	page - 0113
	page - 0114
	page - 0115
	page - 0116
	page - 0117
	page - 0118
	page - 0119
	page - 0120
	page - 0121
	page - 0122
	page - 0123
	page - 0124
	page - 0125
	page - 0126
	page - 0127
	page - 0128
	page - 0129
	page - 0130
	page - 0131
	page - 0132
	page - 0133
	page - 0134
	page - 0135
	page - 0136
	page - 0137
	page - 0138
	page - 0139
	page - 0140
	page - 0141
	page - 0142
	page - 0143
	page - 0144
	page - 0145
	page - 0146
	page - 0147
	page - 0148
	page - 0149
	page - 0150
	page - 0151
	page - 0152
	page - 0153
	page - 0154
	page - 0155
	page - 0156
	page - 0157
	page - 0158
	page - 0159
	page - 0160
	page - 0161
	page - 0162
	page - 0163
	page - 0164
	page - 0165
	page - 0166
	page - 0167
	page - 0168
	page - 0169
	page - 0170
	page - 0171
	page - 0172
	page - 0173
	page - 0174
	page - 0175
	page - 0176
	page - 0177
	page - 0178
	page - 0179
	page - 0180
	page - 0181
	page - 0182
	page - 0183
	page - 0184
	page - 0185
	page - 0186
	page - 0187
	page - 0188
	page - 0189
	page - 0190
	page - 0191
	page - 0192
	page - 0193
	page - 0194
	page - 0195
	page - 0196
	page - 0197
	page - 0198
	page - 0199
	page - 0200
	page - 0201
	page - 0202
	page - 0203
	page - 0204
	page - 0205
	page - 0206
	page - 0207
	page - 0208
	page - 0209
	page - 0210
	page - 0211
	page - 0212
	page - 0213
	page - 0214
	page - 0215
	page - 0216
	page - 0217
	page - 0218
	page - 0219
	page - 0220
	page - 0221
	page - 0222
	page - 0223
	page - 0224
	page - 0225
	page - 0226
	page - 0227
	page - 0228
	page - 0229
	page - 0230
	page - 0231
	page - 0232
	page - 0233
	page - 0234
	page - 0235
	page - 0236
	page - 0237
	page - 0238
	page - 0239
	page - 0240
	page - 0241
	page - 0242
	page - 0243
	page - 0244
	page - 0245
	page - 0246
	page - 0247
	page - 0248
	page - 0249
	page - 0250
	page - 0251
	page - 0252
	page - 0253
	page - 0254
	page - 0255
	page - 0256
	page - 0257
	page - 0258
	page - 0259
	page - 0260
	page - 0261
	page - 0262
	page - 0263
	page - 0264
	page - 0265
	page - 0266
	page - 0267
	page - 0268
	page - 0269
	page - 0270
	page - 0271
	page - 0272
	page - 0273
	page - 0274
	page - 0275
	page - 0276
	page - 0277
	page - 0278
	page - 0279
	page - 0280
	page - 0281
	page - 0282
	page - 0283
	page - 0284
	page - 0285
	page - 0286
	page - 0287
	page - 0288
	page - 0289
	page - 0290
	page - 0291
	page - 0292
	page - 0293
	page - 0294
	page - 0295
	page - 0296
	page - 0297
	page - 0298
	page - 0299
	page - 0300
	page - 0301
	page - 0302
	page - 0303
	page - 0304
	page - 0305
	page - 0306
	page - 0307
	page - 0308
	page - 0309
	page - 0310
	page - 0311
	page - 0312
	page - 0313
	page - 0314
	page - 0315
	page - 0316
	page - 0317
	page - 0318
	page - 0319
	page - 0320
	page - 0321
	page - 0322
	page - 0323
	page - 0324
	page - 0325
	page - 0326
	page - 0327
	page - 0328
	page - 0329
	page - 0330
	page - 0331
	page - 0332
	page - 0333
	page - 0334
	page - 0335
	page - 0336
	page - 0337
	page - 0338
	page - 0339
	page - 0340
	page - 0341
	page - 0342
	page - 0343
	page - 0344
	page - 0345
	page - 0346
	page - 0347
	page - 0348
	page - 0349
	page - 0350
	page - 0351
	page - 0352
	page - 0353
	page - 0354
	page - 0355
	page - 0356
	page - 0357
	page - 0358
	page - 0359
	page - 0360
	page - 0361
	page - 0362
	page - 0363
	page - 0364
	page - 0365
	page - 0366
	page - 0367
	page - 0368
	page - 0369
	page - 0370
	page - 0371
	page - 0372
	page - 0373
	page - 0374
	page - 0375
	page - 0376
	page - 0377
	page - 0378
	page - 0379
	page - 0380
	page - 0381
	page - 0382
	page - 0383
	page - 0384
	page - 0385
	page - 0386
	page - 0387
	page - 0388
	page - 0389
	page - 0390
	page - 0391
	page - 0392
	page - 0393
	page - 0394
	page - 0395
	page - 0396
	page - 0397
	page - 0398
	page - 0399
	page - 0400
	page - 0401
	page - 0402
	page - 0403
	page - 0404
	page - 0405
	page - 0406
	page - 0407
	page - 0408
	page - 0409
	page - 0410
	page - 0411
	page - 0412
	page - 0413
	page - 0414
	page - 0415
	page - 0416
	page - 0417
	page - 0418
	page - 0419
	page - 0420
	page - 0421
	page - 0422
	page - 0423
	page - 0424
	page - 0425
	page - 0426
	page - 0427
	page - 0428
	page - 0429
	page - 0430
	page - 0431
	page - 0432
	page - 0433
	page - 0434
	page - 0435
	page - 0436
	page - 0437
	page - 0438
	page - 0439
	page - 0440
	page - 0441
	page - 0442
	page - 0443
	page - 0444
	page - 0445
	page - 0446
	page - 0447
	page - 0448
	page - 0449
	page - 0450
	page - 0451
	page - 0452
	page - 0453
	page - 0454
	page - 0455
	page - 0456
	page - 0457
	page - 0458
	page - 0459
	page - 0460
	page - 0461
	page - 0462
	page - 0463
	page - 0464
	page - 0465
	page - 0466
	page - 0467
	page - 0468
	page - 0469
	page - 0470
	page - 0471
	page - 0472
	page - 0473
	page - 0474
	page - 0475
	page - 0476
	page - 0477
	page - 0478
	page - 0479
	page - 0480
	page - 0481
	page - 0482
	page - 0483
	page - 0484
	page - 0485
	page - 0486
	page - 0487
	page - 0488
	page - 0489
	page - 0490
	page - 0491
	page - 0492
	page - 0493
	page - 0494
	page - 0495
	page - 0496
	page - 0497
	page - 0498
	page - 0499
	page - 0500
	page - 0501
	page - 0502
	page - 0503
	page - 0504
	page - 0505
	page - 0506
	page - 0507
	page - 0508
	page - 0509
	page - 0510
	page - 0511
	page - 0512
	page - 0513
	page - 0514
	page - 0515
	page - 0516
	page - 0517
	page - 0518
	page - 0519
	page - 0520
	page - 0521
	page - 0522
	page - 0523
	page - 0524
	page - 0525
	page - 0526
	page - 0527
	page - 0528
	page - 0529
	page - 0530
	page - 0531
	page - 0532
	page - 0533
	page - 0534
	page - 0535
	page - 0536
	page - 0537
	page - 0538
	page - 0539
	page - 0540
	page - 0541
	page - 0542
	page - 0543
	page - 0544
	page - 0545
	page - 0546
	page - 0547
	page - 0548
	page - 0549
	page - 0550
	page - 0551
	page - 0552
	page - 0553
	page - 0554
	page - 0555
	page - 0556
	page - 0557
	page - 0558
	page - 0559
	page - 0560
	page - 0561
	page - 0562
	page - 0563
	page - 0564
	page - 0565
	page - 0566
	page - 0567
	page - 0568
	page - 0569
	page - 0570
	page - 0571
	page - 0572
	page - 0573
	page - 0574
	page - 0575
	page - 0576
	page - 0577
	page - 0578
	page - 0579
	page - 0580
	page - 0581
	page - 0582
	page - 0583
	page - 0584
	page - 0585
	page - 0586
	page - 0587
	page - 0588
	page - 0589
	page - 0590
	page - 0591
	page - 0592
	page - 0593
	page - 0594
	page - 0595
	page - 0596
	page - 0597
	page - 0598
	page - 0599
	page - 0600
	page - 0601
	page - 0602
	page - 0603
	page - 0604
	page - 0605
	page - 0606
	page - 0607
	page - 0608
	page - 0609
	page - 0610
	page - 0611
	page - 0612
	page - 0613
	page - 0614
	page - 0615
	page - 0616
	page - 0617
	page - 0618
	page - 0619
	page - 0620
	page - 0621
	page - 0622
	page - 0623
	page - 0624
	page - 0625
	page - 0626
	page - 0627
	page - 0628
	page - 0629
	page - 0630
	page - 0631
	page - 0632
	page - 0633
	page - 0634
	page - 0635
	page - 0636
	page - 0637
	page - 0638
	page - 0639
	page - 0640
	page - 0641
	page - 0642
	page - 0643
	page - 0644
	page - 0645
	page - 0646
	page - 0647
	page - 0648
	page - 0649
	page - 0650
	page - 0651
	page - 0652
	page - 0653
	page - 0654
	page - 0655
	page - 0656
	page - 0657
	page - 0658
	page - 0659
	page - 0660
	page - 0661
	page - 0662
	page - 0663
	page - 0664
	page - 0665
	page - 0666
	page - 0667
	page - 0668
	page - 0669
	page - 0670
	page - 0671
	page - 0672
	page - 0673
	page - 0674
	page - 0675
	page - 0676
	page - 0677
	page - 0678
	page - 0679
	page - 0680
	page - 0681
	page - 0682
	page - 0683
	page - 0684
	page - 0685
	page - 0686
	page - 0687
	page - 0688
	page - 0689
	page - 0690
	page - 0691
	page - 0692
	page - 0693
	page - 0694
	page - 0695
	page - 0696
	page - 0697
	page - 0698
	page - 0699
	page - 0700
	page - 0701
	page - 0702
	page - 0703
	page - 0704
	page - 0705
	page - 0706
	page - 0707
	page - 0708
	page - 0709
	page - 0710
	page - 0711
	page - 0712
	page - 0713
	page - 0714
	page - 0715
	page - 0716
	page - 0717
	page - 0718
	page - 0719
	page - 0720
	page - 0721
	page - 0722
	page - 0723
	page - 0724
	page - 0725
	page - 0726
	page - 0727
	page - 0728
	page - 0729
	page - 0730
	page - 0731
	page - 0732
	page - 0733
	page - 0734
	page - 0735
	page - 0736
	page - 0737
	page - 0738
	page - 0739
	page - 0740
	page - 0741
	page - 0742
	page - 0743
	page - 0744
	page - 0745
	page - 0746
	page - 0747
	page - 0748
	page - 0749
	page - 0750
	page - 0751
	page - 0752
	page - 0753
	page - 0754
	page - 0755
	page - 0756
	page - 0757
	page - 0758
	page - 0759
	page - 0760
	page - 0761
	page - 0762
	page - 0763
	page - 0764
	page - 0765
	page - 0766
	page - 0767
	page - 0768
	page - 0769
	page - 0770
	page - 0771
	page - 0772
	page - 0773
	page - 0774
	page - 0775
	page - 0776
	page - 0777
	page - 0778
	page - 0779
	page - 0780
	rear0001
	rear0002
	rear0003
	rear0005



