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MERCERIZATION - 2
—————

1. Introduction

I have been invited to give you in my lecture some informations f
about the

"Practical aspects of modern mercerisation techniguer”,

Mr. Allan Heap will present very interesting informations about
fundamental research work done under IIC-Contracts and its

aspects. I am affraid it will be difficult to give to my lecture
a similar attractivity,

We shall rather scrutinize with a critical mind our aims and
work as finishers, as well as those of the machinery manuface
turers, taking the present state of our knowledge into consi-

deration. We should do this even though nobody enjoys critic and
self critic is embarrassing.

Finally we have to consider the conditions of the market and
the qualities it requires.
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tractical air.s

Discussions ahout mercerisation start normally with John {tvr-
cer's discovery in 1944, 71 depart from this neormal way and

start my expcsition w.th a simple aicstion:

"What do the practical men, especially the finisher, expect

from the mercerisation?”

In view of the considerable invi itment in equipment, the pro-
cersing cost's and the ecological problems, this auesticn is
Justified! Cepending to viom you ask the auestion, a dver, a
printer, a firisher, or 4 - lesman, the arawer will be diffe=s
rent. Easy dyeability, ¢ongd covering of immature cotton, qgood
dye yield, deep and brilliant colours, are impo. tant to opre
person, a good starting base for finishing, that is, a good
pre-setting at the highest rossible width, high strength in view
of we+w=flnishing to the other, leautitiy) colours, silky lustre

and handle and minimum curface loss to the third.

The respect . ve welght of the mentic . criteria is of importance
because of their cloce connection to the equinment to be used
and with the processing methods. Tt can be ascumed that until

the (ecent past the greatest importaiice has been give.. to the

criteria of the dyer. » serious discussion al ut the i"porta.ce

of the mercerisatinsn for the textile finishing took place only
in recent times, and the Practical experience and knowledge of
long agn received {ts scientific confirnation and accept ance
within the new processing methods. T think nere sspecially of
the decisive importance of the fihre Structure 1or ‘e techno-
logical qualities of a fahric ar related to the w +w=finishing,

Fvery finisher knows the stored strains in the material he has
to work with esulting in different .nd obvious consec.guences.
Yarn and fibre interna: strains are most of the time less ob-
vious, although they have nevertheless their ccriseauences. lLet
me numerate a few of (ne cornsecuences we experienc.e as finisher
and consumer: shrinkage, wrinkling or m:siness after wetting,




fraying, edgecurling, harshness of “andle, extreme loss of
tensile strength after w tw=finishing, reduced abracion resi-

stance, lowered crease rccovery.

The forraticn of i.locked strains is unevitable during the in-
dustrial production of yarns and fabrics. Luring the finishing
processes we add some more; think of the modern continuous open-
width treatment with its pronounced tension in warp direction,
Groat the stenter frares, where we Lry to regain the lost width

and this, to often, with the fabric-chain still under tension.

PPRISOT 1) has published informative date about the influence

of strains due to yarn and fabric manutactiiing and processing

on the tensile strenqgth. KASSEMRECK () proved the existance

~f stored strains in the cotton fibre resulting from its growth
and has shown their importance for the technological characteris-

tics,

Strain ronserving factor: in the micro range, that is, in the
fine structure of the fibre, are sccondary valence forces, in

the ranye of yarns and fabrics frictional forces. For the finisher
of synthetics it is selfevident that he eliminates these strains
in an early stage of his work by heating the material up to the
polymer softening temperature under controlled length= and «..: ne
tension during an exactly specified time. He calls it "setting"
. ' has learned since a long time to carry this process out

with ali the due care. This simple way can unfortunately by the
cotlon finisher not be used for fhe temporary elimination of
inter- and intrafibrillar secondary bonds in cotton. A close

look reveals him, t'. it the only way to eliminate these blocked
fibre intern.! strains is a gtrong swelling. The known mechani-
cal processes such as compressive :hrinkage or the ML process,
neec for their realisation also a sweliing factor, this is

water. But water is ga relatively weak swelling agent and is ca-
pable to eliminate the fibrillar interactions orly partially.

The results obtained can for this reason easily disappear in

case of a later rewetring. The methcd of crosslinkirgy, often

used in practice, cannot be - for obvious reasons - considered




4% a satisfactory solution of the protlem. Tt cannot e¢liminate
existing strains but, at the best, Llock them temporarely with

a negative influer. ¢ on the tensile strength,

In practice, the only eftective method is the mercerisation,

The caustic solution 1oovens, through itg strong welling action,
interfibrillar ana Partially also ivtermolecul ar Linding forces
and realizes the necessary conditiones for the equalization of
straine. However ('.¢ success depends in practice cisentially

on the finally reached cwelling State through to the fibre
cross-section. During the deswelling under controlled condi-

tions a new interfibrillar oder takcos finally place.

Caustic soda is stLill the classic nwelling medium, although the
literature mentions a multiplicity of other products, Liquid
ammcnia received during the lact yedars a gyreat publicity, but
hac not the corresponding diffusion, iossibly, various reasons

are responsible for this.

But let us return to our qrestion: "Why mercerisation"?

We lave considered with certainity cveing as the maln reason
and as further cirterion or increacing fnportance the reauiree-
mes.ts for the finishing. In the expcsitions which follow special
attention will be ;iven to this arpeci, Lustre as the third
effect s remaining. We still nedd {(he sii-y lustre of a good
mercerisation. It is asked for shirt end Llouse fabrics and
ladies dress yuods, Cptimum of fect e not only result from mer-
cerisation, but also fron the yarn and fibre matcorial, Unfortu-
natly these are often out of the finishers contrnl, and also
often prejudice his efforts,

This statement leads us to the next question: "ilow does look mer-

cerisation in practice, do we really do good worh '?




1. The available knowledge is better than are the practical rea-

lisations

It is my firm conviction that the Available knowledne is better
than is the practical realisation, seen from the qualitative as
well as economical and ecological point of view. This statement
is valid for the finisher as well as for the machine maunufactu-

rer, to whom we are dedicating s special chapter,

Let us take an overall view of our work under the aspect of our
earlier an<wer, that the dyers interests are the main reason,
and that fibre and cloth setting are of secondary importance,
for this finishing step. tccordingly we find that the simple

caustic roda treatment at low concentrotion between 18 and 22°Bé,

at normal temperature and with reaction times of 20~ 30 sec -
but in certain cases up to several hours - is of common usage,
This continucus process is done on tirple roller units or on
mercerising installalions with little or moderate longitudinal
tensions Small plants arrange often for a caustic .oda impreg-
nation on a pa<ider, followed by batching and - after a retention
time of variable .luration - washing on jiqggers or open-width

vashing machines.

Por a full mercerisation is the use of installations common

which are huilt especially fo. this purpose and which can be
divided in two groups: the chain equipped mercerising range,
and the chainless type. Each system has its devoted admirers.
The caustic soda concentration is somewhere around 28 - 11°pé,
the temperature between 15 and 35°C and the time of contact
with the caustic between 2C - 60 sec. Concerning tension it is
more cifferent to define the working rules. This is true es- ;
pecially with the chainless mercerising ranges. In contrast j
to the chain equipped range, which make. a well defined Cross- |
stretch possible, the main aim is here probably to reduce as
much as possible the loss in width by an adeacuate tension,

Rut the success in wercerising depends on still other decisive
factors. I think here especially of the preparatory state of

the cloth before mercerising. In practice we find all kind of
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conditions, from the raw material to the raw ¢loth in a aesized
state, boiled-off or even bleached material, and 3lso the mer-

cerising of fabrics of wet or dry condition,

All these conditions are so decisive r1or the end result that we

have to consider them a little further,

The critical textile chemist in close contact with the practice
notices that the working methodes hgyve little relation to the
cloth to be treated, its condition and the expected results.,

A similar statement can be made concerning tl.e manufacturers of
mercerising machines. Th;s ;s especially ifficult to under-
stand, because an extraordinary number of publications on bhasi.
and practical aspects of mercerisation are available. An excellent
compilation of the literature until 19¢5 has been published in
the brochure o 93 of {h. SHIRLEY INSTITUTE (3), Since this date
interesting reports have been published by BORSTE! et al (43,
KAERRHOLM and ASNES (5), MARTE and LETMRACHER (6), FIFRIEC ot

al and HEAP (7), RREDERECK and HEAP (B), It will be n« ssary,
in the now following considerations about our working method and
the state of our knowledge, to discuss several aspects of imme-

diate practical importance.

Lot me beginn this critical investigation about impregnation with

the caustic soda. As a matter of course we yLve to this opera-
tion in the dyehouse all the attention it needs, because the con-
Seauences of a bad work become visible here. We arr not used to
give the same attention to a similar happening during the mer-
cerisation. Til1 now, even the machinery manufacturers have neg-
lected this important step. In most cases this neglect does not
hecame apparent, but in view of our earli+r considerations i+
must he comprehensible, that a bau impregnation leads to diffe-
rences in swelling of yarns a:. | fibres and thus forcibly to the
formation of new strains, instead of eliminating existing ones.
The effects on the technological characteristics of the cloth,
ecpecially after a fasy care finishing, can only be negative,

We must therefore demand that the swelling agent, the caustic
soda, comes in good and uniform contact with the fibres, and
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make sure that it penetrates into the cdeepest capillary spaces
between the fibr. . of our yarn. Tn practice, however, this de=
mand is very difficult to satlsfay. The wetting of the fibres
especially if we mercerise dry stey=cloth, is alrecady difficult.
Yetting agents are offered as expedients, but a careful choice
has to be made. Their presence can have unpleasant conscauences
in the caustic soda evaporators, throug! heavy, foaming, or de-
composition. It 15 astonishing ‘hat a cheap auxiliary agent,
which has still other advantages, has hardly been ted: Alcohol
of the aetl.anol or isopropanol types. The yarns of our fabrics
contain an enormous number of smallest capillaries between fibres,
of which it is very difficult to eliminate the enclosed air or
water during impregnation. In practice, cloth tension increases
the prorimity of the fibres and the soaking becomes even more
difficult. In addition the outer fibres of the yarn begin to
swell immediately after contact with the caustic. A fact which
works again, in an unfavourable direction. Impregnation of the
cloth in a completely relaxed stale should give better results,
but a length -and cross shrinkage would have to be aCcepted,
which, at least for the chainlers mercerizers, is not desirable.

Ye have to consider also,

that the caustic soda, at

Viscesity (cpe]
[ 7]

the concentration and tem-
perature for mercerisation,

has already a considerable

viscosity, unfavourable for

the impregnation and the

transport into the capilla-
ries. But a decrease in vis-

cosity can only be obtained

through a higher temperature.
This will have still other

significant consequences,

which have to be discussed
in the next chapter.

7w Temperature [*C]
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The neyt process cor.irolling factor of decisive, but often misg-
understood, importance, to which we will have a closer look is

the swelling time. A review of the great volume of literature

about swelling of cellulose will the help of swelling media, re-
veals that it concerns - until very recently - exclusively the
static aspects of swelling and with the results obtained. This

means in practice, that such an important process as mercerisa-

tion can hardly be based on any research of the kinetic of the
swelling phenomenon., This is so much more astonishing, as with Gther
stages of textile processing as for instance, The curing of we wefij=
nishes we have not only learned to fix a temperature vorresponding

to the reactant/-atalyst system, but .lso t.. take the kinetic of

the heat transfer into consideration. We have to consider, that

the mercerisation presents a similar problem. Whereas in the

case of curlng we are faced with a heat flow, there ist here a
material flow, that ist, the transport of N4OI into the tibre,

If we need for the mercerisation, for the optimum elimination

of restored strains an equal optimum as well as homogenenus
swelling, it must be comprehensible that the necessary attention
has to be given to the criterion swelling speed. We are obliged to
ask us the question which criteria have to be considered and
vl.ich control! ‘actors are at our disposal,

Purameters | \yoiiing Time ...,q.c......m{ Retaxstionst,
«ling Med, (vee] [eyn/cm) [sec]
Water 85 13 128
Neow 20’8 | asg 81 37
Ppureg
NaOH 2684 pure
etims e | 213 26 238
Coustic loye 200 01y “ 27,2
[t wetling agent | —
oo 2B 0| g 54 188
CaHgOM - Smy




ring these values with the Surface tensjous of the media, it

is not difficult to recognize, that no correlation exists, If,
in addition, we compare with the swelling Speed, it appears

that the theoretical representation of what happens durinq mere
cerisation with Caustic soda mugt be widened, since it ig evi-
dent that j¢ is not only the wetting which ig decisive, 1t is
absolutly clear, that we have to consider diffusion ag a8 further

factor of great importance in our System. The correlation with
time is therefore evident,

RELAXATION Timg [sed]

The deflec’ion which shows at the Concentration level of 0,2 mols ?
of caustic soda indicates, that the g:

heqinning by a swelling dye to water,

ifusion ig limited at the 3
for which the lnter-fibrillar ‘
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and inter-molecular Yonds are respencil les ut with the alcalli

to be contrc led by diftusio., "'e favourable influence of the
%temperaturp appears clearly, “he increasing de-hydration of (he
} diffusing NaCH mo.eenles as well as of the cellulose is respon-
#

“ible for this phenomeron,

RELAXATIONTIMES OF SWELLING
f s BLEACHED ’ KIERED GREY
° : LINTERS COTTON YARN COTTON YARN
oel— B
* NaOH | NH3 | NaOH | NHy | NeoOM NMy
T5m | -40C°| 725m | -40c° 5m | -40¢°
i 25 | 914 937 :
280 — —{ 83 42
i 90| 95 105 248§i
i

Caustic soda temperature gives us a pessibility to control
diffusion speed. In practice no use is made of it, because t! e
necessary equipment is not in existence vi', In the earlier 1{ia

terature are indications that the rercerising lustre is influye
enced in a negative way by the caustic soda temperature, Re-

A e

commendations based on exact investigations are found only in
the more recenrt literature (6), (7), (9), Lec us control this
anticipation on the table shown on slide 4. For these measure-

and boiled-off and bleached state. In addition to caustic

concentration increasinq, a reversal fakes place, Swell‘ng turns

ments the cotton-linters have been presented in raw, boil.d-off

soda this table shows the corresponding measur-mente for ligquid

;. ammonia, The comparison of liguid ammonia with NaGi of normal

mercerising concentration and at the usual working temperature.
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of 25°C shows that liquid ammonia “as a much shorter swelling
relaxation time. An incr.ase of the caustic soda temperature
can, however, as it is shown, on the second line, increase the

swelling speed considerably.

Cne fact appears clearly from this table: the exzeptional strength
of the liauid ammonia process for the treatment of raw cotton,

an in contrast to this, the difficulty of raw me cerisation with
caustic soda. This fact seems to me important because the raw-
mercerisation, seen from the point >f view of the process, offers
3 certain number of interesting aspects, such as touch and lustre.
The table shows also that the conditions «re much more favourable
to the caustic soda with hoiled-off cloth, and this especially

at a higher temperature.

Trying to interprete the information of this table, we must come
to the following, for the practice important, considerations: The
development in opposite directions of the relaxation tin. . of
both media, In dependence on the degree of purity of the cotton,
must be attributed to different control mechanisms acting during
the swell. If we keep present the fact, well known in colloid
chemistry, that the solubility of a polymer depends, on one

side, on the strength of the intermolecul i linking forces, and
on the other, on the solvatation capacity of the solvent, we
arrive at the hypothesis that liquid ammonia has, compared to
MaCH, a lower swelling action that enables ft for this reason

to penetrate extremely rapid into the cotton fibres. It seems,
that it is not capable, in contrast to the caustic soda, to pro-
voke a strong swell, even on the primiry wall, with their relati-

s RS o e

vely weak H-bonds, and also in the secondary layers, kept open
by accompanying substances which are present in the grey cotton
fibre. With an increasing degree of purity of the fibre and as
a result increasing strengyth of the present bindung forces,

the relaxation time for liquid ammonia increases; the diffusion
is now limited by the swell. In opposition to this, the swell due
to NaOH proceeds in a typical diffusion controlled way. The slow-
down effect appcars especially strong with the raw-fibres. With
the elimination of the easily and stronghly swelling primary wall
and the extraction of the accompanying substances out of the
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secondary wall layers by a caustic boil=off, the slow-down effect
goes almost completely lost, After this statement it must also

he evident, that the presence of cizing agents must be the ori-
gin of additional camplications durinj conventional mercerisa-
tion of not desized raw cloth, linder these conditions simulated
swelling tests could show no penetration of the test samples

even after a very long time.

cpecial conditions we found also for the wet mercerisation. De-
pending from the water tentent, the penetration takes place with
8@ more or less great delay. The swelling develops strongly diffu-
sion controlled. Rased on our measurements, we can surmise that
an optimal swell is far from ~e€ingy reached in practice with the
usual caustic-ccntactetimres.,

This discussion clearly shows the importance of the control fac-
tor "sweiling=time" for the practice. If in addition we take the
already di:scussed imperfection of the impregnation into conside-
ration, it becomes cven more important,

#Another, for the practice important set of problems concernes
the requlation of the c¢lnth tension durinc mercerisation. 1Its

influence on the impregr..tion process hasg already been mentioned.
"¢ will now concern ourselves with its infl-ience on the quality
of the end-product. Its importance in the welling zone, as well
as in the succeeding stabilizing zone on lustre, setting effect,
and strength has although known sinc a long time, been to often
disregyarded (1C¢), ’11). This happened in part perforce of equip-
ment problems. So, this negylect impcses itself almost imperati-
vely when using a chainless mercerising range, aiming at the
smallest width cor ‘raction. . g long as exclusively the dyers
criteria are emphasized, the resulting effect may be qualified
as satisfactory. However, we+w-finishing of cotton cloth started
3 new discussion about the importance of the cloth tension con=-

duct in general and during mercerisa:inn in particular. Valuable
contribution have heen made during the lagt 15 "0 years to this
problem (4), (12), (11%), (14),
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High strength gains have been obrained, although with somewhat
varying results depending on the origin of the fibre, when mer=
cerising bundles of parallel single fibres with full shrinkagye
during swelling, fellowed by an extension and de-caustification
At constant length. The relation between strength and elonga-
tinn at break is manipulated by the proportion Letween shrinkage
and the following extension. However, such ideal geometrical con-
ditions as with fibre bundle do not exist in yarns and even less
in fabrics in practice, The axes of the fibres to be stretched
Are not any more in the direction of the applied, stretching
forces, only .cmponent. are acting. The type and quality of

yarn and thread, as well as the construction and the condition
of the fabric - that is in final analysis the statistical
orientation of the single fibres - receive therefore forcibly

an important significance. "ORSTEN (4) could prove, that tension
exercises further more a strong influence on the accessibility
for the swelling medium and the swelling itself. In view of the
extension of the swollen (ibres by stretching, fibre slide has

to be avoided as far as possible, whereas the mobility of the

yarns within the fatric should be as great as possible.

There is no doubt that it is difficult to realize these, in

part contradictory, conditions, and which are still limited further
by the desired kind of weave of the fabric. Although certain fune
<amental rules are krown since a long time (15), the weaver does
not take them into consideration. The finishers task does theirefore
not become e¢isier, and the result of his efforts is lessend.

We have here, therefore, good possibilities of improvements.

BCRSTEN (4) arrives, on the basis of his experimental work re=-
lated to we+w=finishing, at the following demands:

1. Complete swelling of the fibre material through a maximum W
of penetration of yarn and fabric, preferably by the lowe-
ring of the viscosity and the swelliny-strength of the

swelling agent, during a ufficient long time and without
or at the most under slight tension,
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2. Limited swelling-contractior of the fabric and subsenuent
extension length- and cross-wise. De-caustifica“ion at
constant dimensions.

Let us return to our daily routine and examine our prerequisites
and working methods in the sense of the gained knowled:. : Type
and construction of yarns and fabris are jenerally not at the
optimum. In addition, hidden deflciencies coming from manuface
turing processes are present which the finisher is not able to
take into account. The qualitative variations demand in prine
ciple an adaption of his working methods, but the installations
at his disposal and the pressure for a uni orm and cheap pro-
duction are for him acgainst this demand.

It is my opinion that simply the lacking understanding of the
theoretical background lets us, acain and ugein, disregard the
demand for a complete fibre swell on *he base of a good impreg-
nation ard a sufficient lon: caustic contact-time. Diffusion is

a time-consuming process and a non-homogeneous swelling leads fo. -
cibly to an unde:eried, non-homgeneous state of the structure.
Diffusion-promoting manipulations are theoretically and experi-
mentally known today but not spplied in practice.




1. Marhinery
——
Let us take a look at the equipment which the machinery manu-
facturer puts at our disposal for this apparently :o simple,
but after a closer look at the theory, so complex proces ‘ng
staqge. According to the International Textile Service, there
are in the world about 2% companies offering mercerising ranges,
M few comparics offer chain as well gs chainless mercerizers,
The yearly procuction Is estimated to he around 40 units. with
2 exceptions the production of chainless machines is given pre-
ference by the european continental machinery manufacturers,
whereas GB, 1JSA and Japan are to be considered as the strong-
holds of the chain typ machine.

We met already repeatedly in our previous considerations some
advantager and disadvantages of bo:ih Systems, a few further char=-
acteristics shall be discussed now. Top models of both Systems
are comparable gs to working speed and machine length, and both
tYPes are also offered for great widths., In contrast to the chain
type machine, ity Competitor offers however, the possibility to
work with 2 widths, side by side, cor one on top of the other,
increasing by the same the prodiction by 100%. The tendency to
break-downs, wear, and maintenance may also be smaller with the
chairless versjon. Undisputed is, however, the advantage of the
chain vYen it comes to an exact cont.ol of the length and Cross=-
tension as Prerequisite for a high Miality mercerisation in the
sense of our earlier theoretical introduction., In finishing, ‘4is
advantage may eventually reduce the cost, and definitly influences
favourably the technological qualities of the final product,

In the following exposition I would like to consider briefly a
few typical characteristics of both systems in general, as well
as the special features of some Maxkers, but always with regard
to the adlready mentioned demands. 2 compilation of the products

built by the most important machinery Manufacturers which has been
kindly placed at my disposal by the International Textile Service,
2urich, may serve to communicate an overall view,
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Fabric mercerising machines
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1 “ror this abundant informaticn ve will consider especially the

lines 2, 4a+b, %, 10 and 11, further the impor:ant cosition and

finally the lines 12 arnd 11,

It can be seen that with a few exceprtions, all the machinery manu-
facturers offer a disperitif for meauuring the lengthwise tiension
and / or the eytension bosed on some rrinciple or other. Several
machinery manufacturers use the information chtained for the con=
trol of the mercerising ran, . I think hat this step should be
today a matter of course. A few remarks on this point will follow

at the appropriate place.

Concentration control of strong and weak lye belongs in yeneral
to the normal eocuipment, as well as ‘he temperature control for
the caustic soda in the impregnator and the washing water. Separa-

tors for the strong lye clarification, and evaporators for the

, waste liquor of the stabilizing zone are delivered by almost all

the machinery manufacturers upon recuest. Several machinery manu-
facturers complete their installations by strong pre-expander
systems prior to the impregnation zone, a valuable attachment

for chainless machines, and two manufacturers of this type de=-
liver upon reaquest MYCOCK-expansion roller stabilizing compart-

ments,

Cemonstrating now a few typical features of hoth systems as well
as of certain specific make. by the help of scue slides I do not

| want to be suspected to make hidden publicity.,
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This picture shows you ‘the basit lay-out of a chain type mercer-—

izing ranqge, in this case s FARNER=NCRTON installat ! in. 3d=roller

impregnation padders - in this case two units - with free running
clot! are typical for tiis type machine. A loss of fabric width
due to swelllng contraction is here 1.0t a disadvantage. To re-
place the lackin. swelling time on the padders, so-calle! timin
drums are provided. However, these may limit the free shrinkage
somehow. The lengthwise tension, and as a result, the adhesion of
the cloth to the drums in rointained by the two compensator con-
trolled padding units. This double impreognation and saueezing of
the free running cloth nrovides faveurable conditions for an im-
proved penetration of the fabrics. Some doubts exist, however,
about the effectiveness of the cecond impregnating unit as post-
impregnation, because the fabric enters immediatly after the
s‘retch zone, not to mention the already existing strong swelling
of the outer yarn zones, which makes t'.e further introduction of
caustic soda to the center more difficult. For to further improv.
impregnating efficiency it might be recommended here to take ad-
vantage of the sponye effect, in feeding caustic soda into the
nip-roller outlet. 2n other advanta of this impregnator type
is, that only a relatively small quantity of caustic soda is pre-
sent in the system an  therefore noiled, esr:clally in the case

of raw=mercerisation,

This company informed me, that they have improved the impregnation,
replacing the first impregnation padder by a vacuum impregantion

unit,




The next important potnt of our model installation is the ? bowle
feed nip.

e lengthwise sti.tch is controlled over the pneumatic warp ten-
sion regulator and the relative speed of the two corresponding
nip=roll sets. But the tension to be applied depends on theée qua-
ity of the [abric and the nuestion arises wether a cuntrol baused

on the elongation would not be better suited.

I very slight overfeed should be arranged between feed=-nip and
stenter, which eases Lhe load on the frame and assists In addi-
tion, much in the sense of our carlier demand, the weave-in of

the chain, respectively the straightening of the weft of the
fabric at the stenter entry. Immecdiately following the cross-
cxtensfon for the desired width, hegins the extraction of the cau-
stic sola. Thelr concentration mist be Aalready below the critical
Tevel before leaving the chain in order to avoid another defor-
mation. Somewhat preoblematic with this machine type in the
extraction of the caustic socda from the selvedges and their

immediate vicinity; according to the machk inery nanufacturer,
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this requires an acidification at the end of the washing-range
which follows the stenter. 1«2 closed caustic soda recuperators
with a counter-current flow of boiling water as well as 1.2 con-
vertional washing compartments serve to the additional de-causti-
fication. For a complete neutralization this installation can be
followed by a V-trough with squeeze-unit for the application of
acetic acid, followed by an air retention zone and 4 spray tower.
This is, however, unnecessary {f the treatment which follows {s
an alcali based process, such as caustic boil-off, peroxide or hypo
chlorite bleaching. For economical reasons {t is appropriate to
adjust in such cases the final alcalinity to the desired level by
the flow of the fresh waoter.

In its basic conception suct an installation comes fairly close
to our ideal, anyway closer than the chainless type range which
will be discussed later. ''ith the vacuum padder another Step to-
ward the inprovement of impregnation has been made. An additional
improvement could further he obtained by a viscositiy reduction
and an increase of the diffusion sieed of NaOH through an in-
crease of the caustic socy tempersature, and last but not least,
the securing of a sutficient diffusion time. A weuak point may be
the caustic extraction in the ste.ter area because the transport
of caustic soda out of the fibre is also subject to the earlier
discussed laws, The working speeds reached today give the possi-

bility to insert such a range into a pre-treatment installation,
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l!lllll!l| Schematic Cloth Run Mercerising Machine MGA 0009

This picture stows, ac¢ counterpart, the prirciple of a chainless

rercerising rance from the EEMNT™ADD COMPINY., Installations of

‘his type are hased on the buildin.g hloc system and can be adap~
ted to all kind of cenditions. 711 ‘: ese machines work in their
critical stages, that isy, in the imprec. tion anc stantiilizing
zones, on the principle of ¢ ‘ntrolled clo'y guidance, avoiding

the loss of width, because a later recupcration normally is not
any more possible. Only two machinery manufacturers, BENN1..GER and
COLLER, deliver facultatively sp-called MYCOCK~expander units, which
will be discussec later, and which make a limited cross-extension
possible. The prevention of crosceshrinkage asks fo. an intimate
contact with the roller surfaces, which, in turn, requires a cer-
tain length~tension. For this reason the roller systems are, in
General, not driven, but are pulled by the fabric. Cnly in special
cases friction couplings are provided for part of the system., This
means in practice, that in the impregnation zone an elongation
takes already place due to the lengch tension, a condition which
does not correspond at all to our demands for the ohtention of a
Good impregnation and of an optimur structural improvement. The
mercerising lye is sprayecd with pumps anc spray pipes between the
upper rollers and runs over the collec!or pans back to the reser-
voir., Compared to the chain type machine, a much greater volume
of caustic soda solution is required and exposed to soiling. The
stabilizing units are in their construction completely identical
vith the impregnation units, with the exception, that instead

of caustic soda, a hot washing liquor is Sprayed between the
rollers. This washing liquor circulates throu ;h the washing and




stabilizing units chunter-current to the cloth, Open width wash~
iny compartments are sdded at the end, the number of which de-
rends on working speed and the heavicst type of cloth,

BENRINGEN | Feeding | oma

/"Tn\\
£+
'\_\l’./.
| g —
Feeding device - J Pre-expanding unit

pressure squeezing mangle
mzmm«fsﬁw"'

The struggle for the width, typical for this tystem, is at the
origin of tricks. All builders of Cchainless ranges place robust
exparder roller sections in front of their impregnation Zones,
that is, they try to feed the fabric .t the greatest possible
width to mercerisation, avolding the: cfore the costly way over
a stenter-frame pre-drying,
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The alreacdy ment ioned CxPansier roller “ctions, placed in the
stabilizing zone, make 4 Timited widty recuperation p-.ssitle.
The working principle i tary to anderstand, The expanding
capacity deper : nn the #liding friction of the cloth on the
surface of the expander roller. A relatively high length-tension
is therefore necescary to insure a close contact, ine balancing
of the forces has to be tr'ed out for each fabric aquality. A de-
finite weakness of the principle concerne {he edge-zones of the
fabric. A more or Jess pronounced higher density of the WAL pe-
threads connct be gvoided iri these “orien, A fact which is es~
pecially annoying with coloured woven fabrics with stripes and
fauares. The reason for ‘.is ig a drop of length- and Cross=-wise

tensicn in these regions which leads to reduced a‘lhesion and

on the roller surface and sliding., The 1imited transmiss;, | of

force obliges to redu: od forcp-rnquirrments, therefore tc a par-
tial lye extraction. 3ut one has to bear in mind that the margin
between permanent and non=permanent extension is rapidly crossed
different from quality to r1ality, and that a satisfactory cone
trol is not possible in practice. From the manajgement of this
machine-maker I have heen informed that a new stretching-system
has heen developed and wil: he demonstrated at the next [TMA in
M{lan. This is good news and gives rea:on to expect this first

demonstration with Jreat interest,

The process control of these installations, apart from lye con-
centration, temperature and time of coniact -« that is in practice
the machine speed - is done depen'ing on the machinery manufac-
turer over the fabric tension with the help of compensator rollers,
or by so~called quotient measurin dev.i._es consisting of tacho-
generators mounted on the squeeze~: ;1ler drive motors, comparing
the revolutions of the squeezing units., Both tystems are regula-
ting the drive of the squeezing inits, One machinery mar. facturer
only offers a control system for shrinkage and extension, measuring
directly on the fabric the percentage of length loss or gain, which
Seems to me to be the most prefciable one.

Summarizing we can state, that this System, if high quality treat-
ments are reauired, has - compa.ed to th. chaln type machine - de-
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finite weaknesces, begirning with the 1mpregnation, further with
the limited POsSSibillty to adjust length tontraction and exten-
sion, andg finally the Precarious t completely lacking control of
the cloth v.idry,, Cn the othrr side these machines are simple and
nnt prone tn breake-downs, PRyt their undisputed advantage is in
the great Production reserve with double track or multiple layer

oreration, T1f howover, the mercerising range i{. part of , pre-
treatment line, thie advantage lose s its importance.

Pefore we turn our alttention to ynint matters, the comparison
of some import ant economical fartors vill be tried, fut let ug
say be[orphand, that the infornation has Peen collected from
’arfous sources with variatle dlfficulfles, and that their
Credibility may aluo be variable, Fossibly we thould believe
only what we medsured curselves, and certainly each fi . isher
knows his own consumnt {ons perfectly well,

Consumptions of moder Mercerising Machines
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After this Comparison, let yg turn our attention to things
which are common to both systems, Ap adequate 1nltrunontation
for the production control g today considered 88 self evident
for a process like the mercerisastiocn, The transformation of the
reasured values into control impulses for the automatic regul g-

WO, - A . e



tion of important functions 1is a next step which numerous
machinery manufacturcrs tdok for various Process-parameters,
and which they deliver, at least part of them, as standard
equipment. If we count the control factors which are of deci-
sive importance to quality and economics, and which would have
to be measured and adjusted with more or less reliability, {t

lief for the personal. Mot to have them would be a3 saving at
the wrong place. The principles applied are in general well
established and a fear of oversophistication is not Justified,

At the same time let us discuss a few dttachments which, seen
from the qualitative, economical and also ecological point of
view, can be declared 3s indispensable,

The Automatic control of the hiqgh concentration Caustic 20da 1s

indispensuble; where moist cloth is mercerised,

DROIGHN | Tervoneing secton with sirong tye | o
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The continu us Ailution of the CaLstle soca by the adcdition

of water ciut of the fabriec nict ve continuously compensated Ly
an addition of high«ccncentrated lye. The ilution is raising
with raising water conternt of the clott., The continuously pro-
duced excess lye can become an ccunorical ['reblem, a fact which
draws the attention or the importance of 4 high capacity saqueeze
unite Such a unit works cheaper than an €vaporator, and the re-
lief of the excess lye should net be discussed any more among

responsitle profecsjonals.

The temperature of the lyve is another important control factor

which influences the auality. Mos*t comron are 15-20°C. Reaction
heat, dilution heat, and rrnom temperature jproduce a shift to

higher temperatures, which has to be compersated by refrigera- j
tion unite,

Dust, linters etc, which are intro..ced wi!h the cloth, are

soiling increasingly the liouor and ehould be eliminated conti-
nuously by filters or separators,

et us stay with the consumer procduct caustic soda, because it i
is ir connection with ecornomical questions of decisive importance.f
We can consider the consurption of NaCH £ p impregnation as a

fived quantitiy, about 3CCq NafH / kg of cloth. we can also consi-
der as certainity that these 307 p VH per kg of cotton have later

to be eliminated, for ti.. moment up to A rest content of about 1
5% in case a caustic boil-off follows, or almost or even comple-
tely, depending on tte next processing stage. iut the use of the
resulting low conceniration caustic soda -5 limited in all plants.
Market competition kut also our duty to keep the waters clean
world-wice and to conservation of raw-materials, do not allow any
"cre to discharge the excess into the drain. In addition this
would mean, in view of the high o1 Prices, the loss of expensive

heat energy. Efforts to I~cuperate hoth cost factors have become H
today an economical necessity,

!

—~, v e

We know, that the exchange Capacity of washing units depends to
3 high degre. on the temperature. Cur stabilizing and washing unijts

-~
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steuld therefore Le emiipprd with temperature controls., “he appli=
cation of the counter current flow rrinciple tarough the whole
extraction cection chould be a matter of course, A corresponding
modification will Pay for itself whore it dees not exist yet, This,

acAin, may be {l1lustrated by a flow diagram from the BENNINGER
CCMPANY.,

Stabilising and Washi Sections
HINNSEN| Sabining ana Washing | om
Cloth containing Cloth comau;;king glo;h containing
N N -
300 gr NaOH/kg 50 gr r’c ] Qr NaOH/kg

Weak lye concentration regulation
hkuumhgpdntéﬁj—ovhbrﬁ%dgowwmw—\\igg

8 8

8°Be | 6°Bé 3°Be
90°C

90°C 90°C 90°C 90°
0°0é 40°B¢ _ 10 51 lye fo mercerising
L_ . ‘ ‘ ﬂongrg * machine

Weak iye fank Evaporating plant

This company controls the fresh water flow through the NaOH con-
centration of the diluted liquor discharged by the first stabji-
lizing unit. The determination of this control-concentration pre-
sents ltself as optimation problem in view of the size and econony
of the evaporator. It will he generally around 6-10°Bé&.

With smaller mercerising production lou:ds the recuperation of the

wegk lye could be done in batches with sirgle stage evaporators,
but with increas!ng production it will be Necessary fo use myl-
tiple stage installations and continuous brocessing, witr a benefit

of a greater efficiency concerning steam and cooling water consump-
tions.
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Gu-.uh-l1nnoﬁ-lunudhglh-hlqnn-)
Nunber of Stages | 1 | 3 4
Steam without 145 ‘ »
Conwnmon
as 8 % ol

Vwm on
3
3

P
Waler ; without
ey 1

This table shows the comparison of steam and cooling water con-
sumptions of different types ot evapor ntors, related to the eva-
porating capacity. It is evident, +hat the concentration of the
diluted lye hecomes an impocteant factor for economical reasons.

An increase should therefore be desirable, but one must consider
that the exchange phernomenon on the fabric are - like with ime
pregnation « subjected to rigid physico-chemical laws which, in
this case, would forcibly roguire additional stabilizing and
washing compartments. In a modern I ant will be surely 'he hoatodf
up water be sent to the hot water production plant and all the
excess heat from condensate and concentrate be recuperated by heat
exchangers.
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This diagramm ‘emonstrates clearly how the efficiency of these
installations depends on the number of stages,
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This table gives an overall view of the efficiency calculations i
for 2 evaporators with P stages, taking as a basis arn average
production of At /hour of diluted caustic soda at 6°Bé, or ap-
prox. 4%, and the cost of energy, water and labor for a specific
case in Switzerland. The installation to the left has been layed 3
out for concentrating the daily production of weak lye during ’
one-day-shift and¢ is manually -ontrolled, The installations on

the right works around the clock with a smaller hourly output ;
and hac an automatic control. The economi« al advantage of the ]
loter is clearly visitle.

St AR . iy

Fvaporators need a minimum of supervision. Our calcul is based
on } man-day, periodical cleaning included. On the other side
it must be ment ioned tha' they ask for certain limitations in
voOrking on the mercerising machine. I mentioned alreasdy earlier
that the wetting agents may produce problems, We may expect

the same from anorganic and organic precipitations as they

are to be expected when working with hard water, or merceri-
sing grev fabrics. A decantation in basins and / or the use of
separators may then tLe necessary. The raw-mercerisation seems

also with this agspect to he problematic, unfortunately.

The tension, respectivly dimensional control which is so important |
for the qualitative results, has already been mentioned earlier, %
ancd the attention was drawn at that moment on the positive and
negative aspects of both machine types and of the measuring sys-
tems. The utilisation of the measurements obtained, it be tension

forces or speed ratios, respresent no problem for the control of
the machine, a: @ has already been realized by several machinery
manufacturers., ey do not agre. , apparently, about the question
vhich of the mentioned measurement: is to be prefered from the r
technological point of view. Personally I prefer the direct length

measurements, but not without making sure that they indicate the
real changes,

Refore we leave the discussicn abou! the equipment, I would like
to present two constructions less as curiosities, but rather as
solutions for small productions, r.spectively for special cloth

aualities. It has to be mentiored that the working methods do




not satisfy our demancd: for a Vi neality rercertsation, but
that they might be mualifi. : se!'isfactor, for a simple caustic

coda treatment,

Both machines are Luilt for a Latchw ce treatoent of the fabric
vith to a large extent, unchanced dimensions. Common to both is
a sufflcient swelling time and an the other sice, the disadvan-
tage that the swelling of the filre in the package result in a
heavy pressure hetween the layers. Lhether this situation may

lead with delicate fabrics to moipie effects 11 not known to me.

The builder, DORNIER (BRD) calls this installation a mercerising
padder. The batching speed is given with 23m/min, the batching
capacity with €CO= 700m. 3800~ 4700~ per shift are mentioncd as

aetior capectityy ffter & Clrct ot r. Y 4 in the mac! ‘ie

i*self, following in a way the principle of the yarn mercerising
mactine and the J'coer, the post extraction ¢akes place outside

o flyiere or on oper -widith washine nachines.
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This installation, built by KLETNEWEFERS (BRD) can be considered
as a combination of the known centrifugal washing-machine CENTRI-
FUGA with its typical perforated batching beam and in addition a
mobile caustic soda impregnation unit with a conventional control-
led cloth guidance. The batching speed is given with 60m/min, the
batch capacity, dependi: , on the quality, with 2000 - 5000 m. The
de-caustification which follows is done by a combination of hydroe
static pump pressure and batch rotation, with flow radial through
the batch. Also here, thrnugh swelling, similar conditions as in
the previous installation nust exist, but which in this case can
make the flow through the patch difficult, if not impossible.
Based on persocnal experience the possibilities of this unit will
be limited to fahrics with an open weave.
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Toecible drprovement o, recuicement o

“ercerizat fon?

Totoan go o back to our first gqueltisn: "What do we expect frum

and le! wug ark furthe:r: "Could we do a better

cork 2" and further: "Is there a real need for such improvement?"”

e flrst ansver to these ouestions must thenbe: Tf dye recep-
tivity is the mairn rearon for our treatment and only a slight

caln o in luctre 1o cufficient, but at *he same time a dimensional
“tability bLelow the optimum ond a relatively ih loss of strength
during w e veflinisthing ~an be acceptes then a chainless type of
rachine unier optinur working conditions can bo adopted. It offers
A Pigh prodaction resorve and hars s g, flexibility in case of
fremient changes 0 cua'ity and wict', The machinery builder should
provide in the f ture, tor aualita. ive rnd economical reasons,
cufficiently long inpregration zone:, the installation of control
cvitems for the most feportan' process parameters, and finally

¢ fficient and therefore 1so economical washing systems for the
caustic soda-extraction. The developrint of a new cxpanding device
vith a hetter effect as the MYCCOF unite, and without their speci-
fiec weaknesses for the cloth eilges we 1ld be a real performance
and improave on the weakresses of this type of machine as compared
*o the crhain type. From the firisher we should expect a better
understanding for the phenomena of the process and the expected
ard, beyond that, the to ' reached results. The basic laws of
nature cannot be violated! Fi.ally, the finisher has to educate
the machinery manufacturer throuy! clear demands baseu on his
lletter knowledge and his cxperience.

The economy of a finishing step and also the resulting ecologi=-
cal problems are his concern today and will be especially to-
morrow. The enormously increased oil prices teach us to reduce
the heat consumption to a minimum and to recuperate afterwards

as much as possible through heat . xchanges. A correct water cir-
culation through the de-caustification and stabilizing compart-
ments combined with a control of the fresh water supply could
rezult in a decisive improvement o7 the heat as well as the

water consumption. This 1{s a fact which has not yet been recognized

everywhere,
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However, if vc pretend to rere thar an improvement of the dye

substantivity end clain a3 hetter lustre, and expect an optimum
of dimensional stability as well as an optimum strength after

a finishing with cross=linkiry agents, the chain tyre machine

is to Le prefered, Tut the mackine in itself is not Yot a qua-

rantee for a good resnult, il only gives the finisher the prere-

qiisites, The recommendations which have pr.viously been given
to the machinery manufacturer and thce finisher about the im-

fregration, are also valid hcroe witha.t reserve. The obtention
of A faultless i-pregna*ion and the ohservance of a sufficient
cswell time remain finally preoccupations of the finisher. This
type of machine gives him the possitility to balance shrinkage

arnd cubseauent extens:. n.

This is an important prereconlsite which relieves him from pre-
occupations especially concerning the cloth width with which the
ovner of 4 chainless fype machine has to battle and which obliges
him often to aqualitative and economical compromses. Therefore
the insertion of the m rcerising step i+ .o the rretreat process
ceerms to me less problematic with tle chain=type machine.

With this last remark ve arrived at o very important question.

Tt is the auestion where mercerization cohculd be placed into the
rretreatment process with advantage. "nfertunately there {s no
atvolute arnswer to this quest fon, bhecauce every decisiocn imposes
compromises, The flexibility exercized in the sequence of the pro-“
cess from article to article in (arlier times is not possible any
more with the modern pretreatment ranges. In addition to this we
met many conflicting prcblems on diffe: ent occasions during my

exposition,
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The present table shows an attempt to :.present with some
system the consequences of tl.s imp:.tant aquestion. Also this
table is loaded with compromises and therefore the conclu=-
sions cannot be hetter.

The economy of the mercerising is mainly given be 3 important
consumption figures:

= Lye consumption (related to the production)
- Water consumption

- Heat consumption (icl.ted to the second)

A few words about possibilities *o increase the ecorHmy have
already been said, and there should te not doubts about the
necessity to exhaust them. There can be no objection against
the recommendation, that a critical analysis in the own
plent is always paying for itself.

Rewarding ecorimical and qualitative problems are also still wai-
ting for the mechanical enyineers. The need for high efficiency
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decaustification systems with a minimum of water consumption
has already be mentioned. The utilisation of the existing re-
ecially of the utilization of
hot caustic soda, is an urgent recommendation from the qu:li-

search results, I am thinking esyp
tative as well as economical point of view.

*fter sugygesting improvements concerning the economies, our last
auestion must consequently be whether improvements are realy
required on the qualitative side.
gative answer, if we are only interested in the dyeing aspect,
we could be rapicdly satisfied with ourselves. This statement is
also true [f we have to deal with

of 0% or more of synthetics.

We had to learn that a similar condition does no forcibly exist
with respect to €asy care fabrics. We could defend, however,

the opinion that the high losses
and that the consumer so far has
a better ouality. #s finisher we

conscience. I am countering with

we not try to do & better job, deliver a better quality, if it is
not or perhaps only insignificantly more expensive? Are not the

permanent finishing crosslinkers

the demanded dimensional stability sometimes perhaps more ex-

pensive? As finisher we have the knowledge which enables us to

do a better work, and it is our duty to demand from the machinery
manufacturer the required assistance. wWe have all an interest to

satisfy our consumers for to conserve the reputation of the cotton
fibre,

We gave already a certain ne=

fibre blends with a proportion

in strength are here not obvious
advanced no strcng claim for
are faced with a question of
ancther question: Why should

to be applied for producing
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T{terature
R R

1)

(2)

£3)

(1)

(s)

)

(8)

(10)

(11)

(12)

(13)

(14)

(15)

PARTISOT: 1®F SIRTEC 1769 Farls

KASSENBECK: 1€U SIRTEC 1969 Parls

WARWICKER, JEFFRTES, CCLBRAN &+ RCRTNSONS SHIRLEY INSTITUTE
Pampt.let No. 93 (16:6)

BORSTEN et al: J, Text. Inst. 51 (1962) P 37

KAERRHOLM + /SMES: TRJ 31 11964y, 220

MARTE + LEIMBACHER : S“MPOSIUM Svic 1973

FTERTG, BECHTER + HEAP: Textilveredlung 2 (1974) 26%

BREDERECK + HEAP: Textilveredlung 9 (1974) 251

CH-PATENT 554'446 + 559274 (1973/74)

DP 85'564 (189%) ( THOMAS # PREVOST)

BP 519'071 (1973), BF 533'604 71938)

RE?ENFELD: TRJ (1958) 46>

RADHAKRISHNAN et al: TRJ (1959) 322

HEAP: Text. Manuf.(1071)

CH-PATENT 214'3183 (1941)









