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CHAPTER I 

INTRODUCTION 

The viscose rayon spinning process 

In the manufacture of viscose rayon an alkaline aqueous solution of cellulose 
xanthate, the viscose, (which solution als 0 contains a number of salts such as 
sodium carbonate, sodium trithiocarbonate, sodium sulfide, the so-called 
viscose salts or viscose by-products) is continuously fed by a pump through a 
nozzle into a spinning bath. 

At present this bath is usually made up of an aqueous solution of sulfurie 
acid and one or more sulfates, su eh as sodium sulfate, ammonium sulfate, 
magnesium sulfate, zinc sulfate. 

A gel is formed, which, because it is continuously drawn off with the aid 
of a roller, is obtained as a filament. By a second roller, which has a higher 
circumferential speed, the filament is stretched while it is in the air or passes 
through a hot regenerating acidic aqueous second bath. 

These stages in the production process together form the spinning. General 
experience has shown that many of the properties of the final yam are pre­
destined in the spinning process and can be affected by the variables of viscose 
and spinning bath composition and by the parameters of the spinning scheme. 

The lDain unit-processes 

In terms of the macroscopie properties of the viscose and of the freshly formed 
gel, the primary gel, the following effects are obtained in the spinning process: 

liquid 
a lkaline 

Viscose 

low cello content 
cello xanthate 
iso tropie, hornogeneous 

presence of viscose salts 

solid 
acid ie 

Primary gel 

high cello content 
cellulose 
anisotropic, inhomogeneous 

presence ofspinning bath 
salts + reaction produets 

Process 

coagulation 
neutralization and acidifica tion 
dehydration or deswelling 
decomposition or regeneration 
orientation, forma tion of 
structure and texture 
ion-exchange 

The processes and macroscopie phenomena encountered differ clearly lil 

complexity, e.g.: 
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a. the neutralization, except for the medium effect of other factors, is only 
dependent on the acidic and alkaline compounds in the viscose and 
spinning bath; 

b. the decomposition is already somewhat more dependent on other pro­
cesses, too; it is initiated by the acidification and then takes the course: 
cello xanthate -+ cello xanthic acid -+ cellulose (CRANENDONK, [1] ) ; 

C. the deswelling is coup led with nearly all the other processes; starting with 
osmotic forces at the nozzle, it is much later still infiuenced by the decom­
position (which is one of the slowest kinetic processes involved). 

J udged from the structural properties of the final product, the balance of fac­
tors involved may vary greatly with the technological process conditions used. 
We consider this to be mainly caused by the balance of the kinetic factors. 
This consideration results partly from the observation that in general the 
products spun under different spinning conditions can have quite different 
properties, though the final product, rayon, is always cellulose and even may 
be cellulose of the same degree of polymerization, DP, and distribution of DP. 
This observation also refers to products in the same state of orientation, or 
even to isotropic products. 

This means that thermodynamically they represent states with different free energies; 
possibly with the exception of one product they represent metastable states, which can 
only happen for kinetic reasons, one or more of the kinetic processes involved 
having been frozen-in somewhere. 

SOlDe characteristic process conditions and process elelDents 

Present-day industrial process conditions refiect the efforts put into the process 
for many different objectives: yam properties, the economy of the process, 
the amount of manual labour required, the size of the investments and of the 
out-of-pocket expenses, the quality requirements of the market; these and 
other criteria have in one way or another affected the historical development. 

One of the tools which the viscose chemist could and still can apply in 
obtaining optimum process conditions with respect to these criteria is given 
by the large number of process parameters. (T ABLE I summarizes the main 
parameters of the spinning process and indicates the range in which they 
usually are to be found. To indicate the composition of the viscose and of the 
spinning bath a number of abbreviations have come into use. This is illustrated 
by an example given af ter TABLE 1.) The inherent variability of the chemical 
and physical conditions of the spinning of viscose represents, we believe, one 
of the natural values of the rayon spinning process and has resulted in a cor­
responding variety of product properties. 
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T ABLE I The main parameters of the spinning process 

Parameters of the spinning process Technologically usual range 

I. the cellulose concentration in the viscose 
2. the alkali content of the viscose 
3. the amount ofeS. used in xanthating the a lka li cellulose 

4. the d egree of substitution with xanthate groups pro 
glucose monomer unit at the moment of spinning: the 
xanthate ratio, XR 

5. the presence and amount of spinning aids, generally 
surface-active agents (Prestabit oil, ethomeen, lauryl 
pyridiniumchloride, etc.), in the viscose and/or spinning 
bath 

6. the presence a nd a mount of modifiers or dopes in the 
viscose and/or spinning ba th 

7. the H 2SO.-content of the spinning bath 
8. the Na2SO.-content of the spinning bath 
9. the ZnSO.-content of the spinning bath 

10. the tempera tu re of the spinning bath 
11 . the design of nozzle and nozzle holes 
12. the bath length 
13. the bath flow around nozzle and spinning filament 
14. the amount of stretch applied 
15. the composition and temperature of the stretching ba th 
16. the thickness of the filament (the d enier) 
17. the sp inning speed 

Technologically !/sed abbreviatiollS 

Viscose composition 

The composition of a viscose is abbreviated as, e.g., 

7.7/7.1 /35 + 5% XR = 0.39 
This indicates that 

I. the cellulose content is 7.7% (percentages by weight are used) , 
2. the total-alkali content is 7. 1 %, 

4-10% (by weight) 
3- 8% 

30-60%, calculated 
on the cellulose 
0 .25-0.80 

3- 15% 
5- 20% 
0- 10% 

20- 70 oe 

10- 100 cm 

0- 150% 

20-150 mfmin 

3. in preparing the cellulose xanthate 35% CS. (calculated on the cellulose) was used in 
xanthating the alkali cellulose and 5% eS2 (calculated on the cellulose) was added during 
dissolving, 

4. at the moment of sp inning the d egree of substitution with xanthate groups pro glucose 
monomer unit, the xanthate ra tio or XR, is 0.39 . 

Spinning bath composition 

The composition of a spinning ba th is abbreviated as, e.g., 
7.5fl 7.5 M /Z 4.2 /3.5 T = 50 oe 

This indicates a spinning ba th with . 

I. a H 2SO . -content of 7.5% 
2. a Na2SO.-content of 17.5% 
3. a MgSO.-content of 4.2 % 
4. a ZnSO.-content of 3.5% 
5. a temperature of 50 oe 
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On the basis of existing knowledge of process phenomena and product 
properties it seems possible nevertheless to distinguish a number of charac­
teristic sets of process conditions and to recognize some characteristic process 
elements. Aselection ofsome relevant patent publications, historically arranged, 
is given in ApPENDIX 1. 

The original viscose spinning process 

In the original procedure as given by CROSS, BEVAN, BEADLE and STEARN 
viscose is spun into a coagulating, more or less neutral, salt solution. The 
xanthate hardly decomposes in this way and the regeneration has to be 
carried out afterwards. The spinning gel, i.e. the product as it leaves the spin­
ning bath, is still highly swollen. 

Spinning in so-called Müller baths 

On addition of sulfuric acid to these spinning baths (MÜLLER), the regenera­
tion starts, in contrast with the above, already during the formation of the 
filament. The swelling properties of the primary gel are dependent on the bath 
length: several minutes are required as times of interaction between spinning 
bath and spinning filament in order to obtain a constant value for the degree 
of swelling. 

Stretching the spinning filament 

A process element which in general can be applied additionally is stretching 
(introduced in viscose spinning in 1902 by THIELE and ERNST). 

lts effect, however, is dependent on other aspects of the viscose spinning bath 
interaction : if the stretching is applied to the filament at sufficiently large 
distances from the nozzle, or even in a second bath (which then very of ten has 
a high regenerative power), all the presently known anisotropy effects appear 
in the final product (X-ray diffraction pattem, optical and mechanical an­
isotropy properties) ; if, however, the stretching is applied close to the nozzle, 
th is has hardly any effect on the yam properties : the yam remains more or 
less isotropic (BREDEE, [2]). 

Spinning in Müller-type baths containing zinc sulfate 

Ostensibly rather classical is the use of Müller-type spinning baths containing 
zinc sulfate (NAP PER, VAN BERGEN, DREAPER). Technologically, however, they 
are of paramount interest and provide both the clearest and the most subtle 
examples of the qualitative effects of quantitative differences in spinning 
conditions. 

On using these baths, a wide variety of products with different properties 
can be obtained by proper quantitative adjustment of the spinning process. 
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They constitute the bulk of present-day viscose products: 

regular textile yams and staple fibres for straight-forward textile knitting 
and weaving purposes ; 
tyre yams which have co me to dominate the tyre-fabric market on account 
of their high strength and fatigue properties ; 
crimped products to be used by converters ofwool; 
low-swelling products for the cotton market ; 
high-modulus products again for certain parts of the cotton market. 

This variety of product properties is at least partly related with the formation 
of so-called skin cellulose. 

On examining cross-sections of a regular textile rayon, PRESTON [3] was a ble to identify two 
regions : a n outer layer, the "skin", surrounding the central part, the "core". 

These areas are distinguished by, e.g., selective dyeing tests and were found to have different 
properties. 

La ter on the names skin cellulose and co re cellulose came into use as structure definitions, 
skin cellulose having the properties of the skin and core cellulose having the properties of the 
core of the classical textile product. 

The formation of skin cellulose is generally understood (MOR E H EAD a nd SISSON [4] and 
VERMAAS [5] ) as being connected with the presence of the zinc sul fate in the spinning bath ; 
without zinc (or other heavy metal-ions with a compara ble effect) in the spinning bath a ll­
core yams are obtained. 

In view of the d esirabie properties of skin cellulose (high strength at break, low swelling 
value, good fatigue properties) much effort was directed to a study of the conditions of skin 
cellulose formation. 

Even a laboratory procedure for preparing an all skin yam (using a specially prepared 
cellulose xanthate solution containing sodium zincate and spinning in ba ths conta ining 
ace tic acid) was developed by VERMAAS [5J. 

As regards the large number of parameters involved, empiry has shown that, 
besides the required presence of zinc sulfate in the spinning bath, one of the 
most important factors determining the formation of skin cellulose (and ergo 
determining the properties of the final product) is the balance between the 
alkali content of the viscose and the sulfuric acid content of the spinning 
bath; names such as "high-acid" yarn and "low-acid" spinning process ca me 
to be used. 

Now it appears that for a certain viscose the (maximum) formation of skin 
cellulose is limited to a certain range of sulfuric acid concentrations; i.e. both 
lower and higher concentrations lead to the formation of products with less 
skin or even to all-core products. 

In fact, on spinning almost any regular viscose the following products can 
successively be obtained in a suitable series of spinning baths of increasing 
sulfuric acid content: 

a. products which possess no skin cellulose as described above, 
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b. products which are skin-core differentiated, with an unsymmetrical distri­
bution of skin cellulose around the core, 

c. products which possess a high percentage of skin cellulose or which even 
can have an all-skin character and are then moreover characterized by 
a low swelling value, 

d. products which are skin-core differentiated, with skin-cellulose evenly 
present around the core, 

e. products which again have all-core character. 

N.B. The foregoing may serve to illustrate the importance of adjusted 
parameters for obtaining certain product properties. 

This does not mean that as compared with the alkali-acid balance the other 
parameters of the spinning process are without effect on the formation of skin 
cellulose or that their effect is small. In fact the presence of the viscose salts is 
known to play an important role in the formation of skin cellulose under the 
usual technological spinning conditions ( Cox). 

Nor does it mean th at by describing the yam as composed of skin cellulose 
and core cellulose, its total structure and all its structural properties are de­
fined; for instance, the strength properties of all-skin yams are known to be 
very much dependent on many parameters of the spinning process, which are 
without apparent effect on the formation of skin cellulose. 

Confining the attention to the spinning conditions under which a high percen­
tage of skin-cellulose can be obtained, it appears that the addition of zinc sul­
fate to the Müller bath results in a retarded regeneration of the spinning fila­
ment, a higher stretchability, and, in cooperation with a sufficiently high 
osmotic pressure difference between viscose and spinning bath, in the for­
mation of a rather deswollen primary gel. 

Spinning in the presence of suifactants 

On spinning in zinc-containing Müller baths, the addition of surfactants 
(POLAK, WEELDENBURG, MAC LAURIN, ISRAEL) either to the viscose or to the 
spinning bath gene rally exerts a favourable effect on the gel formation. As 
regards the structural properties of the fin al product, it is known that sur­
factants decrease or prevent the appearance of "milkiness" (= opacity, caused 
by rat her small holes) in the final product and th at besides, under properly 
adjusted process conditions, they can have a favourable effect on the strength 
properties. 

Spinning in Müller-type baths containing formaldehyde 

On addition of formaldehyde to a Müller-type spinning bath (KAYSER) the 

14 



regeneration is again very much retarded. Besides the primary gel has a higher 
stretchability, with the aid of which higher strength properties can generally 
be obtained. 

Doped spinning 

The efforts to prepare an all-skin yarn led to the discovery by Cox that certain 
compounds, added to viscose and/or (zinc sulfate-containing Müller-type) 
spinning bath, render the industrial manufacture of all-skin yarns possible. 

These compounds became known as modifiers or additives or dopes and com­
prise many different classes of organic compounds: 

a. neutral compounds, e.g. prim., sec. and tert. amines, polyethylene oxides, 
b. negatively charged compounds (such as viscose additives), e.g. dithio­

carbamates, 
c. positively charged compounds, e.g. quaternary N1V compounds. 

The effect of these various classes of compounds is (in general) only quantita­
tively different. The same applies within a class of compounds, e.g., the lower 
homologues are of ten less active than the higher ones. 
The action of the dopes is connected with: 

a. the presence of zinc sulfate in the spinning bath (> r-J 3 % ZnS04), 
b. a certain alkali (in the viscose) - sulfuric acid (in the spinning bath) 

balance, 
c. not too low a XR (generally > 0.40). 

Phenomenologically, most of the effects observed in the doped spinning process 
are the same as those observed in spinning in zinc sulfate-containing Müller 
baths, but much more pronounced. A new phenomenon is the sensitivity of 
the spinning filament to mechanical disturbance: apparently the coagulation 
is very much retarded and rather long bath lengths are required. It is further­
more found that the dopes increase the distance from the nozzle at which in the 
spinning filament the colour change of pH-indicators (added to the viscose) 
takes place (Cox). 

The Lilienfeld spinning process 

A characteristic set of process parameters has first been described by LILIEN­
FELD, who used a rather concentrated sulfuric acid solution (> 50% ) as 
spinning bath. Phenomenologically the use of this bath again does not cause 
much decomposition. The strength properties obtainable in the Lilienfeld 
process were for a long time the highest known for regenerated cellulose 
products. 
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The Toramomen spinning process 

Also rather characteristic are the process conditions introduced by T ACHIKAW A: 

in the so-called Toramomen process a viscose with a rather low cellulose 
content, a high DP and a very high xanthate ratio (which as such results in 
a low coagulability) is spun into a cold, nearly salt-free, rather diluted sulfuric 
acid solution. Here the coagulation is brought about in an entirely unclassical 
way; an osmotic deswelling is hardly possible; it even seems that decomposition 
is not necessary during the formation of the filament. The final product is 
described as having "cotton-like" properties because of its high mechanical 
modulus, its hand and, for viscose yams, its relatively high wet strength and 
low swelling value. 

Classification of Müller-type spinning processes by Dleans 
of the ultiDlate swelling value 

The effect on yam properties of variations in the composition of the Müller­
type spinning bath can be illustrated by the effect of these variations on the 
so-called ultimate swelling value (SVhim. 

The (SV)lim is the swelling value in water of a yam sample obtained by 
causing the filament to retum af ter the first godet to the spinning bath, keeping 
it there in principle for an infinitely long time (in practice 10 minutes gener­
ally *) suffices) and washing it till acid-free. 

The sample obtained in this way has so not been exposed to any effects of the 
stretching or of the second bath or of the aftertreatment processes. 

The determination of the swelling value then follows the regular procedure: 
centrifuging, weighing, drying and weighing again. 

p 
---< 

M H 

% H,SO, 

In a way the (SV)lim is the swelling value 
in water of an unstretched, never dried yarn 
spun with the aid of an irifinitely long bath. 

The (SV) lim as a function of the 
H 2S04-content of the spinning bath 
shows, for a certain viscose, a course as 
represented schematically in the figure. 

We found the (SV)um to be a valuable 
over-all parameter for characterizing 
the viscose spinning bath combination. 

It is dependent on many of the variables and therefore allows an empirical 
classification of viscose spinning bath combinations. 

*) Particularlyon sp inning in formaldehyde-containing sp inning baths, the regeneration of 
the xanthate is so much retarded that the times of interaction between yam and spinning 
bath have to be much longer; hours may be required to complete the interaction and to 
obtain a constant swelling value. 
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If the viscose spinning bath parameters are varied, but the yarn is processed 
under constant conditions, the (SV) lirn correlates very weIl with the swelling 
va/ue (SV)sec of the regularly aftertreated and dried yarn. 

To a certain extent the (SV)lirn is also correlated with the percentage of 
skin cellulose in the cross-section; an all-skin yarn can be obtained under 
spinning conditions characterized by (S V ) lirn < "'" 90 %. 

The breaks in the (SV)lirn-H2S04 graph mark well-defined spinning regions. 
At acid-concentrations below D, to be called the acid-poor P-region, the 

spinning conditions can result in an all-core high-modulus yarn. 
At acid-concentrations between D and C skin-core differentiated crimped 

products can be obtained. 
In the low-acid L-region between C and B yarns especially suitable for 

tyre-cord materials can be obtained. 
The effect of the dope is found specifically in th is low acid L-region; the 

(SV) lirn-values are still lower on spinning in the presence of a dope. The 
products obtained can have an all-skin character. 

The H 2S04-contents of regular textile yarn spinning processes are found 
between Band A. 

The H 2S04-concentration above A, to be called the high acid H-region, 
correspond to those used in the casting of cellophane (in which case, however, 
generally no zinc sulfate is present in the spinning bath) . 

Purpose of our investigations 

Our investigations were related to some of the aspects mentioned; their aim 
was in particular to study some of the kinetic factors involved. Observations 
were made on the spinning filament and, in addition, in vitro model experi­
ments were carried out. 

Out of this grew the recognition of the importance of diffusion processes 
and chemical reactions in spinning. 

In the first part of this thesis an approach to spinning on the basis of a cylin­
drical diffusion theory will be given together with an experimerttal study of the 
neutralization process of the spinning filament (which was carried out on a 
monofil spinning machine). The changes of medium brought about by the 
diffusion trigger a number of chemical and physical processes which affect the 
state and behaviour of the spinning filament. 

The decomposition of the xanthate group in acidic media in the presence of 
a complexing metal ion, c.q. zinc, was studied in model experiments and forms 
the contents of the next part. These investigations indicate some of the condi­
tions under which the behaviour of the spinning filament may be expected to 
vary. 
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This is followed by a study of the stretch-optical and the stretch-tension 
behaviour of the spinning filament (again carried out on the monofil spinning 
machine), starting from the idea that different "states" (sol state, gel state and 
possibly even different gel states) will have a different stretch-optical or 
stretch -tension beha viour. 
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CHAPTER 11 

SPINNING CONSIDERED AS A 
CYLINDRICAL DIFFUSION PROCESS 

The cylindrical diffusion process 

For an infinitely long cylindrical medium (with radius ra and initial concen­
tration Cb), into which matter diffuses out of an infinitely large solution (con­
centration Ca ) , the transport can theoretically be described and calculated 
from Fick's diffusion equation [1]. 

ac 
- = D!1C .. at (II-I ) 

where D = the diffusion coefficient, considered to be concentration inde­
pendent, 

!1 = the Laplace operator. 

The solution of (II-I ) in the above case, in which the border conditions are 

C = Ca at r > ra at all t 

C = Cb at r .:;;;; ra at t = 0, 

reads [1] 

( r) ex> }o ln -
C (r, t) - Ca = 2 \' ~ __ , ~ e- l n 2 ~: 

- Cb +Ca ~ In }o (ln ) 0 
I 

(II-2) 

where }o (x) is a Bessel function of the first kind and of zero order, and Jo' (x) 
its derivative, In being the nth root of the equation }o(ln) = O. 

h = 2.405 12 = 5.520 13 = 8.654 

In (II-2) the concentration difference at a certain locus and time which is 
still to be overcome, divided by the total concentration difference to be an-

nulled is expressed in terms of a distribution function f(!..) and of a function 

of time and dimension f (~). ra 
r02 

HERMANS [2] has treated the cylindrical diffusion of a substance A into a 
cylindrical medium, in which it encounters a subtance B, with which it reacts. 

19 



As to the general case he states that "it is doubtful whether a simple solution 
of the problem can be given". In one particular case, however, considerations 
of symmetry lead to a straightforward answer, viz. when the two substances 
have the same diffusion coefficient D = Da = Db and react with each other 
instantaneously and irreversibly. Species B then acts as a diffusable hole for 
species A. Mathematically, the presence of species B can therefore be regarded 
as a negative concentration of species A; the solution becomes: 

c(r, t) -Ca = 2 Ioo 

~ f (!.-) - l 2 Dl e n r' . . . . . . . 
Cb+Ca in ro 0 

I 

(11-3) 

The total concentration difference to be annulled becomes Cb+Ca; negative 
values of c(r, t) represent the holes, i.e. species B. 

A useful approximation of (11-2) or (11-3) is obtained for not too small 
Dt Dt 

values of - , say - > 0.15. Then only the first term of the series needs to be 
r02 r02 

retained, all the other ones becoming negligibly small; 

c---.:(---,-r,_t-,--)_c_a _ . (~) _ D~ - P f e q r' . . . . . . . . . . . . . . (11-4) 
Cb+Ca ro 0 

In practical experiments it is very of ten not the local concentration which is 
determined, but the total amount of subtance given off or taken up by the 
cylindrical medium, i.e. the average concentration ë. 

(11-3) then changes into: 

ë(t) - Ca __ ~ ~ _ l . Dl 
Cb+Ca - 4 i....J in2 e n roZ • • • • • • • • • • • • • 

I 

Dt 
Here again, at - > 0.15, only the first term needs to be retained. 

r02 

Diffusion relations 

(11-5) 

For the cylindrical diffusion process a number of conclusions follow from 
equations (11-2) and (II-3) . 

Abbreviating 

c(r,t)-Ca __ P, the concentration term, 
Cb+Ca 

l 
e-qD-;o = Q, the term including time and radius squared, 

o 

p. f (~) = R, the distribution function, 

so that P = RQ, one gets the following diffusion relations: 
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Dijfusion relation I 

When Pand R are kept constant: it follows both from (II-2 ) and from (II-3) 
. t 

that Q = constant, z.e. - = constant. 
r02 

If a diffusion process in a cylindrical m edium of radius rOl requires a time tI 
to progress into a certain concentration distribution, the corresponding time 
t2 in a cylinder of radius r02 is given by: 

Dijfusion relation 11 

When R is kept constant, it follows from 

= constant, i.e. for not too small values 

t 
(II-4) that ln{c (r,t)-ca}+ qD 2 = 

(
Dt ) ro 

of the time - > 0.15 the loga­
r02 

rithm of the concentration-difference still to be overcome at a certain locus is 
a linear function of the time. 

For Ca = 0 (= component outside the cylinder absent) this reduces to 
t 

dijfusion relation 11': In c(r, t ) + qD - = constant, i.e. the logarithm of the con­
r02 

centration at a certain locus is a linear function of the time. 

Dijfusion relation 111 

When Q and Rare kept constant, it follows both from (II-2 ) and (II-3) th at 

c(r, t) -Ca F h" fi 11 hh" . 1 . 1 = constant. rom t IS lt 0 ows t at t e lllltia concentratlOn va ues 
Cb+Ca 

of the respective components outside and inside the cylinder, Ca and Cb, with 
which at a certain locus and time a certain concentration c(r, t) is obtained, 
are linearly related. 

Dijfusion relation I V 

When P is kept constant, and the values of Ca and Cb are given, it follows from 
(II-2 ) and (II-3 ) that 

00 ~]o(ln~) _ 1 2Dt _ 

\' '(l) e n r 2 - constant 
~ ln ]0 n 0 
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i.e. the set of points for which 

c(r,t)-ca 

Cb+Ca 

has a certain value, i.e. the equi-concentration points in the cylinder in de­
pendence on the time, is a bell-shaped surface of rings having their centres in 
the centre-line of the cylinder; the ring at t = 0 has a radius = ro. (FIG. l). 

0.1 0.2 0.3 0.4 

0.5+-----,:;7.L...--=*"~----,:;;;.~--+----'=".-::.=t_-----_+_-----___1 

l 
1.0 ..:::::. _____ ....L _____ --'-______ '--_____ --'-_____ --' 

FIG. 11 -1 Eq ui-concen tra tion lines in an infini te cylinder of radius r 0 with ini tial concen tra tion 
cb and final concentration Ca (= time-independent concentration outside the cylinder) . 

c- c 
The numbers at the curves are the values of _+ a. 

cb Ca 

The higher the required value of c(r, t) the more elongated the beU; the 
circular base r = ro, however, is the same for aU the values of c(r, t). 

The interaction between viscose and spinning bath regarded a s a 
cylindrical diffusion process 

A number of diffusing+reacting components m the VIscose spmnmg bath 
interactions are: 

Spinning bath Viscose Reaction product 

H+ OH- H 20 

H+ S-
R-O-C(S 

S 
R-O-C( SH---7 ROH+CS, 

H+ S-- SH-, H,S 
H+ CS

3
-- HCS3 - , H 2CS3 ---7 H 2S + CS2 

(analogously for C03--) 

Zn++ OH- Zn(OH)2 

Zn++ S -
R-O- C( S (R-O-C<~) 2Zn 

Zn++ S- - ZnS 
(analogously for CSa- - , COa--) 
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In the general case complications may arise: 

1. the diffusion coefficients of the partners may be different, 
2. one of the reaction partners or the reaction product may be immobile, 
3. the reactions occurring may be reversible under the prevailing conditions 

of spinning, 
4. the reactions occurring may be time-consuming in different orders of mag­

nitude, varying from very fast to very slow as compared with the rate of 
concentration change brought about by diffusion. 

As such the mathematical treatment of the cylindrical diffusion process is only 
a first approximation to the viscose-spinning bath interaction, even apart from 
the mathematical assumption of a concentration-independent diffusion­
coefficient. 

Spinning Relations 

For the case that the above mentioned cylindrical diffusion equations may be 
applied, i.e. for the unhampered diffusion of a single substance or for an in­
stantaneous and irreversible reaction A + B ---'>- AB with numerically equal 
diffusion coefficients of the two partners, Da = Db, the diffusion relations, 
translated into terms of the parameters of the spinning process, point to a 
number of phenomena which may possibly be me t in the viscose-spinning bath 
interaction. 

Viscose delivery and drawing-off speed together detcrmine the radius of the 
spinning filament: 

viscose delivery 
n r02 = 

drawing-off speed 

The drawing-off speed determines the time it takes the spinning filament to 
travel a certain distance from the nozzle: 

distance from the nozzle 
t= 

drawing-off speed 

Sa, under constant spinning conditions the dynamic diffusion process can be 
investigated by stationary observations at varying distances from the nozzle. 

In terms of the parameters of the spinning process the diffusion relation I, 
t 

- = constant (relating to an equivalence of diffusion states), then reads: At 
r02 

a certain viscose composition and spinning bath composition (i.e . Ca and Cb are 
constants) a certain progress of the diffusion (i.e . c(r, t) = constant) at a 
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certain pi ace in the spinning filament (i.e. the distribution-function f (~) = 
t ro 

= constant) will be found under the conditions at which - = constant. 
r02 

t distance from the nozzle jdrawing-offspeed 
- = constan t ,...." -----::-::-:---------::----=-----::::-=-----:c 
r02 viscose delivery jdrawing-offspeed 

distance from the nozzle 

viscose delivery 

Spinning relation Ia 

The distance from the nozzle at which a certain quasi-stationary state wilt be found is 

lineary dependent on the viscose delivery. 

Spinning relation Ib 

At constant viscose delivery, the distance from the nozzle at which a certain quasi-stationalJ' 
state wilt be found is independent of the drawing-off speed. 

In terms of distances from the nozzle, spinning relation I therefore predicts 
that only the amount of viscose entering the bath pro unit time plays a role, irrespective 
of how the drawing-off speed co-determines the "thickness" of the spinning 
filament in the bath. 

As a consequence: at a viscose delivery = 0, any quasi-stationary state 
should be found at a distance from the nozzle = 0. This makes a calibration 
of measurements possible. 

The other diffusion relations can analogously be translated into terms of the 
parameters of the spinning process. 

Applied e.g. to the centre of the spinning filament the diffusion relation II 
becomes: 

Spinning relation IJ' 

For a species freely difJusing out of the spinning filament log c(r = 0, t ) zs a linear 

Junction of the distance from the nozzle. 

The diffusion relation III can analogously be translated into: 

Spinning relation III 

A linear relation exists between the initial concentration vaLues outside and inside the 
spinning filament, for a pair of difJusing+reacting components A and B obrying the 
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pertinent mathematical assumptions, with which at a certain distance ]rom the nozzLe 
a certain concentration is obtained at a certain locus. 

Spinning relation IV 

This relates the distribution function with the distance from the nozzle. In 
Dt 

the graph of diffusion relation IV, - should be replaced by the distance 
from the nozzle: r02 

the equi concentration points in the spinning filament lie on a bell-shaped surface with 
the nozzle hole at the base. 
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CHAPTER III 

THE NEUTRALIZATION PROCESS IN THE 
SPINNING FILAMENT 

Principle of the JneasureDlent 

For investigating the neutralization phenomena in the spinning filament, the 
method of measurement consists of spinning a monofilament from a viscose 
to which an indicator has been added, while the monofilament is observed 
through a microscope. 

26 

The boundary of the colour change of the indicator is observed and meas­
ured, using as parameters 

6 

o 

---. disunce (rom 
nozzle (i n cm) 

H2SO,·content of the spinning bath 4.0% 

NP 

---. distance (rom 

H2SO,,-content of (he spfnnlng bath 4.5%"OZZle (I n cm) 

distance (rom 
~ nozzle (in cm) 

H2SO,-content of [he spi nnlng bath 7.0% 

distance (rom 
nozzle (in cm) 

H2SO,-content of the spinning bath 9.0% 

viscose : 8.3/4.65 /33 XR = 0.48 
spinning bath : ', /18.0 Z = 4.0 T = 45 oe 
nozzle : 200 ~ 
viscose delivery : 0.267 mi/min 
drawin g off speed: 5-10 m/min 

a. the distance from the nozzle, 
b. the distance within the filament 

from the surface of the filament. 

FIG. 111-1 illustrates the course of 
the boundary for some different 
spinning baths, as observed with 
thymolphthalein as indicator. This 
boundary is in principle an equi-pH­
line. The figure relates to half an 
axial section of the spinning filament 
(the nozzle is to the left). 

This method of measurement is 
not new, but has been in use for 
fundamental studies since around 
1930. Literature publications, how­
ever, have appeared only recently 
[1]. 

FIG. III-l Colour-change of thymol­
phthalein in the spinning filament. 
R esults obtained on varying the H 2SO.­
content of the spinning bath. 



In the course of our investigation only the distances of two points from the 
nozzle were measured: 

a. the point where the colour change throughout the filament has been com­
pleted: neutralization point: NP, 

b. the point on the surface of the filament where the equi-pH-line (as meas­
ured by the colour change) gets free from the surface. This point has been 
called (more or less incorrectly, since it represents a circle) the starting 
point: SP. 

By using different indicators an insight may be gained into the pH-distribution 
in the spinning filament, provided that the medium under consideration has 
no other effects on the colour change and on the pH at which the colour 
change of the indicator occurs. 

The pH at colour change of the indicator is added as an index, e.g. NPlO, 

SP6• 

In respect of the stability of the indicators in the viscose medium and the 
contrast of high-pH and low-pH colours an excellent indicator is thymol­
phthalein (pH at colour change 9.3- 10.5). Bromocreso1-purple (5.2- 6.8) and 

Monofil spinning machine 
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bromophenol-blue (2.8- 4.6) were the next best ones; both, however, are stabie 
in the viscose for only a few hours. 

Apparatus and procedure 

The viscose is forced through a one-hole nozzle by a pump giving a viscose 
stream which is as free as possible from periodical ftuctuations. The pump drive 
is continuously adjustable, which facilitates the choice of viscose delivery. The 
delivery can be changed from 0.05-1.00 mI/min. 

The filament is observed through a microscope (magnification 100 times), 
the objective of which is protected against the spinning bath by a metal shell 
with a bottom of plane-parallel optical glass. The spinning trough is provided 
with a transparent bottom of either glass or perspex. 

The microscope is mounted on a hand-driven screw for moving the micro­
scope, horizontally, perpendicular to the spinning trough. The whole can be 
transported by a motor-driven screw along the trough. 

The filament is pulled off by a simple roller device. Between nozzle and 
drawing-off roller no guides are used. 

SOlDe errors of the lDeasurelDent 

Before going into the details of the . resuIts obtained, it seems appropriate to 
point out some of the difficulties encountered. 

The magnification used should not be too large; the boundary observed is 
not a very sharp one ,which is partly due to the more or less undefined transi­
tion colours between the high-pH and low-pH colours. If the magnification 
applied is too large, a rather blurred picture results. 

Inhomogeneities present in the spinning filament are other causes of faults. 
They may result from the viscose per se, or may be brought about by the 
evolution of gas formed in reactions between the components of spinning bath 
and viscose. 

For the above-mentioned reasons the measurements show an inaccuracy 
which is estimated to be between the limits -3 and + 1 cm for the neutrali­
zation point, and -1 and + 1 cm for the starting point at total distances of 
about 30 and 10 cm, respectively. 

ExperiDlental results 

Some of the experimental data are represented graphically in FIGs. 1II-2- 14. 
T ABLE I summarizes the observed effects of variations in the spinning scheme, 

viscose composition and spinning bath composition (in dopefree spinning) on 
SP10 and NPlQ as measured with thymolphthalein. 
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T ABLE I Summary of some variables investigated in dope-free spinning and 
their effects as measured with thymolphthalein as indicator 

Variations in 

Spinning scheme 
squirting velocity 
viscose delivery 
drawing-off speed 

Viscose composition 
cellulose content 
total alkali content 
xanthate ratio 

Spinning bath composition 
sulfuric acid content 
sodium sulfate content 
zinc sulfate content 
magnesium sulfate content 
temperature 

Effect on SP10 

no effect 
positive linear relation 
no effect 

no effect 
positive relation 
no effect *) 

negative relation 
no effect 
positive relation 
no effect 
negative relation 

Effect on NPJO 

no effect 
positive linear relation 
no effect 

no effect 
positive relation 
no effect *) 

negative relation 
no effect 
no effect 
no effect 
negative relation 

*) Except at very low H 2SO.-contents ofthe spinning bath « 2%) . 

By positive/negative relation is meant an increase/decrease of the SPlO or NP10 distance from 
the nozzle, in dependence on an increase of the variabie. 

The following comments may be made on some of the variables investigated: 

Sulfuric acid (FIG. lII-2, 3) 

Nearly always an experiment consisted of a series of measurements at varied 
sulfuric acid contents of the spinning bath, other parameters being kept 
constant. 

Drawing-off speed (FIG. III-4, 5) 

A way of eliminating individual errors in a single measurement consists in 
observing the phenomena while varying the dra wing-off speed: both SP and 
NP (in the undoped process) a re independent of the drawing-off speed at 
constant viscose delivery. This has been verified for drawing-off speeds up to 
50 m /min. 

Viscose delivery (FIG. 1II-6) 

The neutralization phenomena show a linear dependence on the viscose 
delivery. 

Squirting velocity ; Slze cif the nozzle hole 

No influence was found. 
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: 8.3/4.65/33 XR = 0.48 
: x /1 8.0 Z = 4.0 T = 45 oe 
: 200 fL 

viscose dellvery : 0.267 mi/min 

drawing aff speed: 6.8 m/mln 

30+-- - t---\,---'\--- pH-indicators : thymolptlthalein (pH 10) 

bromo cresol pu rple (pH6) 

bromo phenol blue (pH,) 
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FIG. III-2 NP and SP as functions of the H 2SO. content of the spinning bath. 
Measurements carried out with different indicators. 
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distance (rom 
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50 

7.0 

viscose : 8.3/4.65/33 XR = 0.48 
splnnlng bath : x/18.0 Z = 4.0 T = 45 oe 
nozzle : 200 ~ 
viscose delivery : 0.267 mi / min 

drawing aff speed : 6.8 m/min 

FIG. III-3 pH-distribution in the core -- and on the surf ace - - - of the spinning filament. 
Results obtained on varying the H 2SO.-content of the sp inning bath. 
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10 

o 

NP,o 5.3% IH,so, 
0 . 0 0 

0 NP,o 6.2% 

0 NP,o 7.0% 

SP,o 5.3% 
0 0 . 

SP,o 6.2% 0 

0 0 0 

o ~10 7.0')( HSO, 

5 

,iscose : 8.3/4.65/33 XR = 0.48 

0 0 

0 

0 

0 

0 0 

10 11 12 

drawing of( 

speed (in m/min) 

spinning bath : . /19.0 Z= 4.5 T = 45 oe 
noule : 200 iJ. 
viscose delivery : 0.267 mi/min 

NP, (0.267) . 
NP" (0.267) 

NP" (0.134) 

NP, (0.134) 
NP, (0.134) 

0 

10 

viscose : 8.3/4.65/33 XR = 0.48 
spinning bath : 5.0/18.0 Z = 4.0 T = 45 oe 
nozzle : 200 !-l 
viscose delivery : 0.267 m/ min resp. 0.134 mi / min 

15 
draw ing off 
speed (in m/ min) 

FIG. 1II-4 NP,o and SP,o as functions of 
the drawing offspeed. 

FIG. III-S NP,o, NP. and NP, as func­
tions of the drawing off speed. 

Results obtained on varying the H ,SO,­
content of the spinning bath. 

E ê 30 ,----------r----------,---------, 
o u 

'" c cu':'="-

~"Ë 
~ g 

20+----------+------~~t_~~~~ 

0.100 0.200 
viscose delivery 
(in mi/min) 

FIG. III-6 NP,o and SP,. as funct ions of the viscose delivery. 
R esults obtained with d ifferent viscose spinning bath com binations. 
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Alkali content (FIGs. 1II-7, 8) 

The alkali content of the viscose is as much a determining factor as regards the 
SP- and NP-distances as the sulfuric acid content. The experimental results 
show these factors to be dearly interdependent. 

6 8T----r------~--.-~---7~-,~---------
Z 

I 8~---r---------.~----~--~ 

o 
Z 
~ 7 +---+-------1~---h4~----:,4-------1 

6t---~--~--~--~~-------4 

10 

viscose : 7.3/ij/33 XR = 0.48 
spinning bath : x/18.0 Z = 4.0 T = 45 oe 
nozzle : 200 lA-

viscose delivery : 0.267 mi /min 

drawing off speed: 8 m/min 

FIG. 111-7 NP,o as a function of 
the H 2SO.-content of the spinning 
bath and the NaOH-content of the 
viscose. 

Xanthate ratio 

: 7.3/ij /33 XR = 0.48 
: x/18.0 Z =4.0 T = 45 oe 
: 200 fL 

viscose delivery : 0.267 mi / min 

drawing off speed: 8 m/min 

10 15 20 
% H2SO, 

FIG. 111-8 SP,o as a function of the H 2SO.-con­
tent of the spinning bath and the NaOH-content 
of the viscose. 

Practically no effect on the SP- and NP-distance was established. A small 
positive effect is found at very low H2S04-contents of the spinning bath 

« 2% H 2S04 ) . 

Cellulose content and viscosity 

Practically no influence on SPlO and NP10 was found. 

lJath ter.nperature 

It has a pronounced effect, of the order of 2%/degree centigrade. This neces­
sitates the use of a thermostat to maintain the bath temperature constant. 

Sodiur.n sulfate and magnesiur.n sulfate 

Practically no influence on NPlO was found. Na2S04 has a small positive 

effect on NP4. 
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Zinc sulfate (FIG. 111-9, 10) 

In the above experiments the zinc content has been kept constant at 4%. 
However, the presence and the amount of ZnS04 in the bath have a peculiar 
effect. 

In the undoped process it has no influence on the NP (as such it is compar­
able with the other sulfates) ; it has, ho wever, a marked effect on the SP. The 
SP-distance increases with increasing amounts of ZnS04, an effect which levels 
off at higher ZnS04-concentrations. 

§3or----V~isc~os-e-------:~8.3~/~4.6~5~/3~3~X~R -~~0~.48~ 
spinn ing bath : x/18.0 Z = ij T = 45 oe 
nozzle : 200 IJ. 
viscose delivery : 0.267 mi/min 

drawing of( speed: 6.8 m/ min 

t; x/18.0 Z ~O 

'J x/18.0 Z~ 1.0 
0 x/18.0 Z ~ 4.0 

x/18.0 Z ~ 8.0 

FIG. 111-9 NP,o and SPIO as functions of 
the H 2SO,-content of the spinning bath. 
R esults obtained on varying the ZnSO,-con­
tent of the spinning bath. 

Doped spinning conditions (FIGs. 111-11- 14) 

~ 

] 
c 30 

10 

0 
NP, 

NP,0 

SP, 

~ ~ 
~ SP,0 

10 
- %ZnS04 

viscose : 8.3/4.65/33 XR ~ 0.48 
spinn ing bath : 5.0/18.0 Z = x T = 45 oe 
nozzle : 200 fl. 
viscose delivery : 0.267 mi/mi n 
drawing off speed: 6.8 m/min 

pH-indicators : thymolphthalein (pH'Ol 
bromophenol blue (pH,) 

FIG. 111-10 NP and SP as functions of the 
ZnSO,-content of the spinning bath. 
Measurements carried out with different­
indicators. 

When no zinc sulfate is present in the bath (and no other metal-ion is present 
which can cause skin-cellulose formation ) no effect of a dope is found. 

When dope and zinc sulfate are present in the bath and when the acid­
alkali balance and XR are such as required for the spinning of an all-skin yam, 
the NP is displaced away from the nozzle. 

33 



gW,-----~--~----------._--------_, 

c 't 70 

c 
Ë 

1 

50 r--~+---~--------+-------~ 

8 
ti 
t- I , 
.! v 
~ / 

40 I-§ +------+----------1'----+---------1 

~b7 ~\';. 
"'. . 

30+--+------~'------------+_--------_1 

/ XR = 0.39 

I 20~'/~------+-----!----+----.-.----1 
dope- ree 0 

o 0% ZnSO, 

8% H,SO, 

101~---------+----------+---------_1 
viscose : 8.3/4.65/33 XR = 0.49 

o 

Dope: 0.2% 083 
indicator : 0.3% bromophenol blue 

spinnlng bath : 5.0/1 8.0 Z=4.0 T = 45 oe 
nozzle : 200 IJ. 
viscose dellvery : 0.013.4 mi/min 

10 
drawlng off 

15 

speed (In m/min) 

FIG. lIl-I I Colour change of bromophenol 
blue in the core of the spinning filament as 
a nmction of the drawing-off speed. 
Results obtained on varying some parameters 
of the doped spinning conditions. 
Departures from the standard spinning con­
ditions are given in the figure. 
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indicator : 0.3% bromophenol blue 

splnning bath : 5.0/1 8.0 Z = 4.0 T = 45 oe 
nozzle : 2oo!L 
viscose delivery : 0.134 mi/min resp. 0.067 mi / min 

10 15 
drawing of( 
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FIG. lIl-12 Colour change of bromophe­
nol blue in the core of the spinning filam­
ent as a function of the drawing-off speed. 
Results obtained on varying the amount of 
dope in the viscose. 

Vnder these spinning conditions the NP is linearly dependent on the 
drawing-off speed. Extrapolating the measurements to drawing-off speed equal 
to zero, the same distance is found as for the NP in the undoped spinning 
process (FIG. IlI-l3). 

The slope of the curve indicating the relationship between the distance 
from the nozzle and the drawing-off speed is dependent on the balance of all 
the factors required for obtaining an all-skin yarn (FIG. lII-ll ). 

34 



Maladjustment of any factor in this balance, e.g. too low or too high an 
acid content of the sp inning bath, generally results in skin-core differentiated 

I 50.---------~--------~--------_, 

40 

30 

101t---------~--------_+--------_, 
viscose : 8.3/4.65/33 XR = 0.48 

dope 0.15% 083 
spinning bath : 5.0/18.0 Z = 4.0 T = 45 oe 
nonle : 200 ..,. 

0.134 mi / min 

10 15 
drawfng off 

-----.. speed (in m/min) 

FIG. III-1 3 Colour change of bromocresDI 
purple in the core of the spinning filament as 
a function of the drawing off speed. 
R esults obtained on varying the amount of 
indicator. 
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Dope: 0.1 5% 083 

spinning bath : 5.0/18.0 Z= 4.0 T = 45 oe 
nanle : 200 I'-
viscose deffvery: 0.134 mi/min 

5 10 
drawing off 
speed (in m/min) 

FIG. III-14 Colour change of Alizarin-Na 
in the core of the sp inning filament as a 
function of the drawing off speed. 
R esults obtained on varying the amount of 
indicator. 

products and decreases or eliminates this slope; th is includes the variations 
connected with the type and amount of dope (FIG. III-12, in which the slope 
observed probably reflects the effectiveness of the dope in co-producing the 
all-skin yam). 

The slope furthermore appears to be dependent on the type and, notably 
with the indicator bromocresolpurple, on the amount of indicator used: 
in the doped spinning process the distance of colour change on using unspecified 
amounts of bromocresolpurple (pH at colour change in vitro "-' 6) can e.g. be 
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further away from the nozzle than the distance of colour change on using 
bromophenol-blue (pH of colour change in vitro r-I 4), the amount of which 
does not play a role (FIG. 111-13). 

With Alizarine-Na two NP-distances could be determined: NPlO, which is 
independent of the drawing-off speed, and NP4, which is linearly dependent 
on it (FIG. 111-14) . However, NP4, as determined with this indicator, is found 
at much larger distances from the nozzle than NP4 as determined with bromo­
phenolblue. 

Discussion 

The experimental results can be checked against the predictions based on the 
diffusion theory. 

For this purpose the following assumptions and restrictions are made: 
1. The observed colour change of the indicators is dependent only on the 

H ++OH--+ H 20 neutralization reaction, the rate of which is only 
determined by the diffusion. 

2. Though the neutralization process involves a many-component system, it 
can presumably be described by a single concentration-independent 
diffusion coefficient DH+ = D OH- = D. 
Mathematically the OH-ion concentration in the spinning filament 
(Cb at t = 0) is considered to be equivalent to a negative H +-concentration. 

3. The spinning bath is considered to have a time-independent H+-concen­
tration = Ca and to be perfectly mixed right up to the surface ofthe spinning 
filament. 

4. The analytical concentrations of the components are assumed to be those 
for which the diffusion equation still holds. 

5. If not the total series but only the first term of the solution of the diffusion 
equation is retained, this means that regard should only be paid to not too 
small distances from the nozzle. 

The first assumption formulates the model on which our approach to the 
neutralization process is based. The other assumptions are less fundamental, 
but are mathematically required in order that the simple solution of the diffu­
sion equation (as given in CHAPTER 11) may be applied. As such they are 
equivalent to the mathematical restrictions for which this solution holds. 

The spinning relations can now be found back clearly in the experimental 
NP-determinations in the undoped-spinning process. The NP is observed on 
the centreline of the spinning filament (i.e. at r = 0) and is, for a certain 
indicator, connected with a certain pH (i.e. with a certain value of c). So, the 
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NP-determinations measure c (r = 0, t), which, for a certain indicator, is a 
constant. 

On varying the parameters of the spinning process it was found th at : 
a. with a given indicator the NP-distances are linearly dependent on the 

viscose delivery (in agreement with spinning relation Ia) ; 
b. with a given indicator the NP-distances are independent of the drawing­

off speed (in agreement with spinning relation Ib) ; 
c. for a H 2S04-content of the spinning bath = 0, the NP-measurements 

suggest that the pH on the centreline of the filament varies linearly with 
the distance from the nozzle (in agreement with spinning relation lI) ; 

d. the relation between viscose alkali and spinning bath acid combinations, 
which result in the same NP-distance, is reasonably in agreement with 
the linear relation predicted by spinning relation lIl; 

e. the effect of the temperature is of the order of magnitude (2-3%tC) 
which may be expected for the temperature dependence of the diffusion 
coefficient. 

Combining these phenomena, it follows that: 

NP = f {D ( T ); ~ ; Cacid; calkali} 
r02 

It is concluded that the agreement between the relevant experimental results 
and the theoretical diffusion spinning relations justifies the postulated mech­
anism for the neutralization process: a diffusion-triggered, spontaneous neu­
tralization reaction. 

In our opinion, the conclusion may probably not be drawn so far as to 
include the justification of the total frame-work of assumptions and restrictions. 
Though our experimental data do not show the contrary, it seems hard to 
believe that this many-component system (including the viscose buffer salts) 
can be described by a single constant diffusion coefficient. Also the buffering 
action of the viscose salts has entirely been left out of account, though it may 
be added that this buffering action actually was not found back in the exper­
imentally determined course of the pH-distance from the nozzle. 

A further complication is that the protons are also consumed by the immobile 
cellulose xanthate ions. However, since this is only important at low pH-values 
(pKdi SS (xanthic acid) ~1.7), this can only restrict but not invalidate the 
conclusion. 

There is, however, a rat her serious discrepancy between theory and exper­
iment in the observation that zinc affects the starting point: the theoretical 
equi-pH-line should start right at the nozzle, except for a diffusion-controlling 
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laminar layer. It is hard to understand, however, that zinc-sulfate in the bath 
would affect this laminar layer at all, and it would then be even more difficult 
to digest the observation that the NP is left undisturbed, which would mean 
th at the overall diffusion process is not hampered. 

Since the effect ofzinc on the starting point and the effect ofboth zinc + dope 
on the neutralization point run parallel to the formation of skin cellulose on the 
outside of the filament or throughout the cross-section, the conclusion seems 
to be that the colour change of the indicators in skin-forming processes is not only 
dependent on the pure H +-OH- -diffusion i.e. pH , but also on some more factors per­
taining to the skin-cellulose formation. 

The linear dependence ofthe NP in the doped-spinning process on the draw­
ing-off speed suggests that some other time-consuming process is involved 
under these conditions. 

NP = f (D, ~) for the classic al process 
r02 

NP = f (D, t, ~) for the doped-spinning process. 
r02 

Furthermore the extrapolation to a drawing-off speed equal to zero suggests 
the absence of any hampering effects on the diffusion. These effects would 
reqUlre 

NP = f (D*, t, ~) in which D* means a numerically altered 
ro diffusion coefficient. 

The effects found in varying the type 
and amount of indicator suggest an 
interaction between the indicator 
and the structure of the gel formed 
in or during skin-cellulose formation, 
by which interaction the colour of 
the negative indicator ion is retained. 

Sonte related phenontena 

Empirically it is known th at the 
alkali (in the viscose) - acid (in the 
spinning bath) balance is an impor­
tant factor in determining the prop­
erties of the yarn obtained. 

----. drawing off speed 

This can be illustrated by the dependence of the so-called ultimate swelling 
value, (SV)um, on this balance. 
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On varying the alkali content of the viscose, the (SV) lim-H2S04 graphs are 
essentially comparable, but are displaced along the acid-axis. This is shown 
in FIG. IIl-15 giving the results obtained with synthetic viscoses (prepared by 
dissolving chemically pure Na-cellulose xanthate in aqueous NaOH-solutions) . 

It appears now (FIG. IIl-16) that the alkali-acid concentrations correspond­
ing to the breaks A, B, C and D meet reasonably well the requirements of 
spinning-relation III (viz. the straightline relationship). 

This leads to the conclusion th at the difference in yarn properties obtained 
in the different spinning regions is connected with the H +-OH- diffusion 
conditions. 

The transport ofzinc ions into the spinning filament will be partly dependent 
on the H+-OH- diffusion. In the system H ++ Zn++ -OH- , the transport of 
zinc-ions will, under appropriate conditions of concentrations, be disturbed 
by the formation of the immobile Zn(OH)2 precipitate. 

The coexistence of the ions is as given by the solubility-product 

L sol = [Zn++] [OH- ]2 = 10- 16 

e.g. 
pZn = 4 

3 
2 
1 

Between pH r--.J 6 and pH r--.J 8 a sharp decrease of activity of the zmc lOns 
will be found . 

Unfortunately, we we re not ab Ie to measure the zinc concentrations in the 
spinning filament itself. 

A model experiment was therefore set up, using thick cylindrical cellulose 
gels (thickness r--.J 2 cm, cellulose content r--.J 10%) soaked in NaOH-solutions. 

The gels were obtained by heat-coagulating viscose in glass tubes, followed 
by thorough washing. These gels were submerged in baths of various com­
positions. To study the cylindrical diffusion process, thin slices were cut out of 
the cylinder at such distances from the end faces that linear diffusion through 
the end faces could not be a disturbing factor. 

FIG. IlI-17 shows a contact print of these slices on photographic paper: 
Zn (OH)2 is visible as a white ring. With increasing time of diffusion these 
rings decrease in diameter, increase in thickness and get more diffuse, till they 
disappear at some distance from the centre. The pH in front of the rings 
appeared to be > I'J 8, behind the rings < "-' 6. 

The displacement of the Zn (OH)2-rings with time and the effect of varying 
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af ter '/2 l' /2 2 hours 

af ter 2' /2 3 3' /2 4 hours 

af ter 4' /2 5 5' /2 6 hou rs 

af ter 6' /2 7 7' /2 8 hours 

FIG. lIl-17 The diffusion of zinc into NaOR containing cylindrical media. 
Legenda: Soaking bath: IN NaOR 

Diffusion bath: 1.0/ 14.0 Z = 4.5 T = 45 oe 

the alkali (in the cylindrical gel ) - acid (in the bath) combination corresponded 
weIl with the mathematical description of the H +- OH- cylindrical diffusion 
process. 
So one might say that the Zn (OHh rings function as pH-indicator 

Apparently the Zn++-ions move.in front ofthe H +-ions: 
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Zn(OH)2 is precipitated, in consequence of which the zinc diffusion is 
effectively blocked; the protons on the low pH-side of the ring then dissolve 
the Zn(OH)2 again. Protons and zinc ions move essentially synchronously, the 
rate being determined by the diffusion of the protons. 

In these studies a more important factor turned up, however. FIG. III-I6 
summarizes the results obtained at various alkali-acid combinations : 

the alkali (in the cylinder) - acid (in the bath) balance determines whether 
Zn (OH)2 is formed or not. With high acid - low alkali combinations the pro­
tons apparently move much faster into the cylinder than the zinc-ions and 
no Zn(OH)2 is formed. 

The border-line between the region of acid-alkali combinations where 
Zn(OH)2 is formed and the region where it is not formed, suggests again a 
straight-line relationship (cf. Relation lIl). 

Confronting these observations with those represented in the (SV) lirn­

H 2S04 graphs (see FIG. III-I5 and the introduction p. 16), it seems sensible 
to assume that, at H 2S04-contents < B, the zinc-ions are present in the 
sp inning filament before the pH is rather low: 
this holds for the acid-poor and the low-acid regions. 

However, under the high-acid sp inning conditions (H 2S04-contents above 
A), the effect of the respective concentrations on the diffusion is such that the 
protons have appreciably acidified a certain volume element before the zinc . . 
lons arnve. 
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HOOFDSTUK IV 

THE SEQUENCE OF REACTIONS ON SPINNING VISCOSE 
IN ZINC CONTAINING BATHS 

A number of phenomena in the viscose spinning process suggests a possibly spe­
cific role of the zinc ions present in the spinning bath. In the first pI ace they 
are responsible, though in an as yet unexplained way, for the formation of the 
so-called skin cellulose. Empirically it has furthermore been established that 
zinc salts in the spinning bath have a retarding effect on the rate ofregeneration 
of the spinning filament, which is much larger than the effect of salts such as 
N a2S04, (NH4)2S04 or MgS04. 

In an attempt to attack these questions we started with a speculation th at 
zinc reacts with xanthate ions, resulting in the formation of a complex. Prelim­
inary experiments, in which K-ethylxanthate was used as a model compound, 
confirmed this hypothesis. The investigation was then directed to a study of the 
decomposition kinetics in systems made up of K-ethylxanthate, H +-ions and 
Zn++-ions. 

Working hypothesis regarding the reaction lDechanislD 

The decomposition of K-ethylxanthate (KX) in zinc-free, acidic aqueous 
systems has been investigated by CRANENDONK and IWASAKI and COOKE which 
authors also review older measurements [I]. 

Their results show that the first-order decompostion kinetics in these media 
can consistently be described by the reaction steps: 

HX--+ ROH + CS2 

H ++X-+tHX .. 

(IV-I) 

(IV-2) 

Reaction (IV-I ), which, in these media, is kinetically a first order reaction, 
describes the rate character of the decomposition. . 

The equilibrium (IV-2) is instantaneous and describes the pH-dependence 
of the system. 

Our working hypo thesis is th at, in the presence of zinc ions, additionally 
one or more zinc-xanthate complex-equilibria appear: 

Zn+++X-~ZnX+ 

ZnX + + X -~ZnX2 

Zn+++nX-~ZnXn(n-2)-
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Prelhninary experiDlents 

On mixing a solution of K-ethylxanthate with a solution containing zinc ions, 
a white precipitate can be obtained. Analytically it is the compound ZnX2 ; it 
is sparingly soluble in water; the solubility product in water was determined as 

L so! = [Zn++] [X - J2 ~ 10- 8 

However, it dissolves appreciably in a number of organic solvents, such as 
benzene, CS2, CCI4 (on gende heating), which suggests a non-ionic, complex 
or chelate character of this compound. 

It also dissolves readily in excess K-ethylxanthate solution, whereas in the 
same amount of water no dissolution occurs. This suggests the formation of 
ZnX3- and lor higher complexes. 

Polarographic determinations *) revealed the equilibrium 

Zn++ +3X- +:tZnX3-

[Zn++] [X- P 
K comp = [ZnX3- ] ~ 10- 4.7 

These complex-equilibria suggest the presence of yet another species, VlZ . 

ZnX+, in solutions containing excess Zn++-ions. 
It was then tried to obtain further information from a kinetic study of the 

decomposition in acidic, zinc-containing media. 

Equilibria and salt effe cts 

One of the difficulties met in determining equilibrium constants from kinetic 
measurements is the incongruence between activities and concentrations. 

This appears to be especially difficult in studying systems contammg zinc 
ions, since also the zinc salts of many mineral acids (ZnCh, ZnS04) are in­
completely ionized. 

The attention was therefore directed to the system (ZnN03)2+ HN03, since 
the activity coefficients reported for pure Zn (N03)2-solutions lead to the expec­
tation that here complete ionization is present [2J. 

Even then, however, there exists the difficulty of a general effect of salt on 
the equilibria to be studied : 

acting on an equilibrium involving ionic species, e.g. H ++X- +:tHX, the 
undissociated form will in general be disfavoured. 

How the salt effect influences the overall rate of the decomposition will 

*) The determinations were made with a Tinsley recording polarograph, type V 722.15, 
Zn++-concentration 0.001 N ZnSO., supporting electrolyte 0.1 N KCI, temperature T = 20 °C, 
maximum suppressor Tergitol N P X, El i, in the absence of K-ethylxanthate = 1.02 V , 
K-ethylxanthate concentrations varied in the concentration range 0.0 I - I N. 
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more over depend on the course of the reaction mechanism: e.g. whether as 
transition state a charged or uncharged activated complex is involved. 

We therefore attempted to isolate the specific effect of the postulated com­
plex-equilibrium X-+ Zn+++±ZnX+ on the rate of decomposition by compar­
ing the effect of zinc ions with the effect of magnesium ions, assuming that 
magnesium ions do not result in complex-formation with xanthate ions. 

On using Zn(N03h and Mg (N03)2, the salt effect of both compounds is 
presumably comparable, since, in pure solutions, the activity coefficients of 
Zn (N03h and Mg(N03)2 are known to be comparable [3J. 

Mathematical treatment of the model 

In the homogeneous system (under such conditions of pH and Zn++-concen­
tration that the species X - , HX and ZnX + are present in finite amounts) the 
decomposition, if described by the reactions: 

HX -+ ROH + CS2 . 

X-+ H ++±HX .. 

X-+ Zn++ +±ZnX+ 

Kd' _ [H+] [X- ] 
l SS - [HX] 

is expressed by 

[Zn++] [X- ] 
Kr - ~--~~~ 

compl - [ZnX+] 

(IV -1 ) 

(IV-2 ) 

(IV-3) 

d[~tX] = _ k[HX] _ d[~-] _ d[Z~~+] ........ (IV-4) 

(A change in [HX] in the system will also bring about a change in [X- ] and 
[ZnX+]. ) 

In terms of[Xtota1] (IV-4) gives: 

d{[HX] + [X- ] + [ZnX+]} = d[Xtotal] = -k[HX] 
dt dt 

which, on substituting (IV-2 ) and (IV-3), results in: 

d[Xtota1] 
--- = d In [Xtotal] 

[Xtot] 
-k dt 

1 + K diss (1 + [zn++]) 
[H+] KcomPl 

By using the concept of a ha1f-1ifetime t' I,' i.e. the time interval t2-1I for which 
e.g. [Xtotal]t2 = 1/2[Xtotal]tl' this results in: 

In 2 J K diss ( [Zn++ ])} 
t' I.= - jl +- 1 + 

- k [H+] Kcompl 
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Consequently, from determinations of t' l. at varying [H +] and [Zn++] the con­
stants k, K diss and KIcomPl can be evaluated. 
N.B. Equivalent results are obtained on solving the equations in terms of 
HX or X - or ZnX + instead of Xtotal. 

Physically a separation of variables can be obtained under the following 
condi tions : 

I. At a sufficiently high proton concentration (= sufficiently low pH) and 
sufficiently low zinc concentration: 

t' l, ~ ln2, for K diSS (1 + zn++ ) « [H+], 
k Kcompl 

because then {l + K[ d~S]S (1 + ~n++])} ~ 1; 
H Icompl 

i.e. at suJficiently low pH-values, a pH-independent constant value is obtained for t'I,' 
from which k can be evaluated. 

N.B. At a constant [Zn++] it is possible to define an apparent dissociation constant. 

( 
[zn++]) 

Kapp = KdisS I + k- - ' 
Icompl 

Analogously to pKdiSS(= - log KdiSS), which is numerically equal to the pH at which the 
ionization of a weak acid is half-complete (i.e. 50% non-ionized acid is present) it follows from 

[HX] [H+] [H+] 

( 
[zn++]) = Kapp 

Kdiss I + -K--
Icomp! 

[X-] + [ZnX+] 

that pKapp( = - log Kapp) gives numerically the pH-value at which 50% undissociated acid 
is present in the case of complex-formation: in the presence of complexing metal ions, the acid 
"behaves" like a stronger one. 

Schematically this appears on plotting the fractional amounts of the xanthate and xanthic 
acid in dependence on the pH: 

fractional 
amounts of 

pH = pK low pH 

in the absence of a 
complexing effect 
in the presence of 
Increaslng amounts of 
complexing metalions 

Il. At a sufficiently low proton concentration (=sufficiently high pH) and 
sufficiently low zinc concentration : 

ln2 K disS 
t' l ,.-.J - . --]' for K diss » [H + ] and [Zn ++] « KIcomPl , • k [H+ 

{ 
KdiSS ( Zn++ )} K diss 

because then 1 + [H+] 1 + K ~ H + ; 
Icompl 
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1 
i.e. at suificiently high pH-values a plot of tlj. against [H +] is a straight line with a 

~2 "" 
slope of T"KdiSS ; or, alternately, a plot of log tl j. agaznst - log[H+] = pH zs a 

. hl"' h "I d ' I K In2 strazg t me wzt unzt s ope an an zntercept = og diss' T' 

lIl. At a given constant [H+]: 

_ In2. K diSS . [Zn++] In2 (1 KdlSS) 

tl j. - k [H+] KlcomPl + k + [H+] 

results in a straight-line relationship between tl j. and [Zn++] with a slope of 
In2 K diss I - .-- . 
k [H +] KlcomPl 

Comparing half-lifetimes (at constant [H+]) determined in the absence ofzinc, 
tlj,O*, with those determined in the presence of [Zn++], tl j" one obtains: 

In2 K diss [Zn++] 
=-.--.---

k [H+] KlcomPI 

[Zn++ J 
KlcomPl 

ExperimentaI systems 

The following experimental systems were investigated: 

1. Extending the investigations of CRANENDONK, decomposition measure­
ments we re carried out at different temperatures in systems containing 
mineral acid of various concentrations. These measurements were then 
evaluated on the basis of the reaction steps: 

H++X-~HX 

HX -7 ROH+CS2 

Activity coefficients in this part of the investigations were neglected except 
for their effect on the pH. The knowledge of [H + J in these media was 
obtained either directly by pH-measurements or, in the higher concen­
tration range of mineral acid, by calculation with the aid of activity 
coefficients of the mineral acid obtained from the literature [4J. 
Since activity coefficients of the various mineral acids are best known for 
aqueous HCI-solutions, HCI was used in these systems. 
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2. To study the order of magnitude of general salt effects on the overall rate 
of decornposition, the decomposition rates were deterrnined in systerns 
composed of HCl + NaCI. 
This pair of components was chosen again on the basis of available litera­
ture data on the activity coefficients in aqueous HCI + NaCI solutions. 
Quite probably the effect of alkali salts can only be a general salt effect, 
since the alkali xanthates are strong electrolytes: in the concentration 
range 0.003- 0.05 N K-ethylxanthate has a constant equivalent conduct­
ivity. 

3. Parallel runs of measurernents were carried out in hornogeneous media 
composed of either HN03+ Zn(N03h (in excess) or HN03 + Mg(N03k 
The evaluation of these rneasurements was carried out on the basis of the 
reaction steps: 

H++X-~::::~HX 

Zn+++X-~ZnX+ 

HX---'>- ROH + CS2 

1t was assurned in this evaluation that general salt-effects could be elimated 
by cornparing the two systerns. 

Exp erÏln ental pa rt 

Standard procedures 

Method A. Measurements involving the determination of [Xtotal] in pH­
buffered systerns. This method has been described in detail by CRANEN­
DONK (l.c.). 

A solution of about 50 mg K-ethylxanthate in 25 cm3 water of the desired 
temperature is added as fast as possible with the aid of a pipette with a large 
discharge opening to an arnple excess (about 600 crn3) of an aqueous solution 
of the required mineral acid and salt concentration and temperature. 

At the required time the decomposition reaction is stopped by rapidly 
adding a NaOH-solution in the smallest excess required. The solution is 
buffered to pH ,....., 7.0 with CO2 and titrated with Iz. 

S 
2R-O- C< +12 ---,>­

S-
S S 

R-O-C( ~C-O-R+21 
-S-S/ 

The results are plotted as log [Xtotal] against t, from which linear plot the half 
lifetime t' /. is obtained. 
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M h d B M . I· hd· . f d[X- ] . et 0 • easurements Invo vIng t e etermmatlOn 0 --- In an un-
buffered system having a constant pH. dt 

To a solution of about 0.130 g K-ethylxanthate in 50 cm3 water of the desired 
temperature mineral acid is added as fast as possible, whilst stirring, tiU the 
desired pH has been reached. The amount of mineral acid required to keep 
this pH-value constant is determined in dependence on the time: 

A = d (mineral acid) = _ d[X- ] 
dt dt 

The results are plotted as log A against t, from which plot the half lifetime t, /, 
is obtained. 

Experitnental results 

Systems composed of mineral acid 

The t' I,-values obtamed with systems made up of only K-ethylxanthate and 
mineral acid (Hel) are plotted in FIG. IV-I as log t' l, against pH. 

The graphs show that at the higher acid concentrations and in the absence 
of salts a constant value for t' l, is obtained, indicating that under these con­
ditions the xanthate is (almost) entirely present as undissociated xanthic acid. 

+1.0+---+-- -+ 

-1 .0+------..,-!~,.L-_t_-f-j---+--_j_-____4 

-2.0
0 
~ --01---+---f----+---+---1 

pH 

FIG. IV-I Graphs of log t' I.-pH for the decomposition of e thylxanthate. 
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Evaluation of the experimental data (compare the sections on the mathe­
matical treatment of data) shows th at they can be described by the sequence 
of reactions (compare CRANENDONK l.c. ) : 

H++X-~HX 
K = _[H_+_] _[X_-_] 

HX 

d[HX] = - k[HX] 
dt 

Inclusive of the results found by CRANENDONK at O°C and by IWASAKI & 
COOKE at 23,5 °C the following values were obtained (Tabie 1) : 

TABLE 1 

ooe 5 oe 20 oe 23.5 oe 30 oe 45 oe 

t' I,(at low pH) - 62"= 1.03' 11 '= 0.18' - 4"=0.062 ' 
log t' I. (at low pH) - 0.01 - 0.74 - -1.21 

k 0.39 min- 1 0.67 min- 1 3.8 min- 1 4.3 min- 1 10.5 min - 1 

K ik 0.039 0.007 1 0.0018 0.00039 
K 0.023 0.026 0.027 0.020 0.020 

pK= - logK 1.64 1.59 1.57 1.70 1.70 

From the rate-constants at different temperatures an activation energy of 19 kcal /mol can 
be calculated. 

The constant value obtained for t, /. in a wide range of HCl-concentrations 
(e.g. t' l. (5 0c) = 1.03' for 0.2- 1 N HCl) suggests the absence of large elec­
trolyte effe cts on the mechanism of the overall-reaction: 

HX ---+ ROH + CS2 

So, the effect of electrolytes on the reacting system: 

H++X-~HX 

HX ---+ ROH+CS2 

is quite probably only an effect on the dissociation equilibrium. 

Systems composed of mineral acid and indifferent electrolyte 

The magnitude of the salt effect was studied only at 5 °C and appears from a 
series ofmeasurements in media containing mine ral acid + salts (TABLE IV-2); 
the dissociation contant Kc evaluated from these measurements was obtained 
from the equation : 

ln2 ( K ) 
t' l. = T 1 + [H+] 

by totally neglecting activity coefficients : [H +] = CH +. 
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For the systems made up from 0.01 N HCl + x N NaCl, literature values of 
f±(Hcl) are known (HARNED & OWEN l.c.) . 

For these cases the approximation [H+] = f± CH + was tried: K = Kc·f±. 

T ABLE 2 Method A; 5 oe 
Medium f±(HCl) 1'1. K c K 

700 
725 X {0.01 NHCI + } 0.906 3.60 0.025 0.022 

" " 
+ 0.01 NNaCI 0.876 3.90 0.027 0.024 

" " + 0.05 " 
0.821 4. 15 0.030 0.025 

" " + 0.10 " 
0.789 4.33 0.032 0.025 

" " + 0.50 
" 

0.737 5.05 0.039 0.028 

" " + 1.00 " 
0.764 5.17 0.040 0.030 

Medium 1' 1. K c 

700 
725 X {0.04 N HCl + } 1.62 0.022 

" " 
+ 0.01 NNaCI - -

" " + 0.05 " 
1.70 0.025 

" " + 0.10 
" 

1.78 0.ü28 

" " + 0.50 
" 

1.97 0.035 

" " + 1.00 
" 

1.97 0.035 

700 
725 X {O.I N HCl + } 1.20 0.016 

" " 
+ 0.01 NNaCI 1.22 0.0 18 

" " + 0.05 
" 

1.23 0.019 

" " + 0.10 
" 

1.23 0.ü20 

" " + 0.50 " 
1.42 0.038 

It is found that Kc may easily vary by a factor 2; so, a corresponding variation 
in experimentally determined half-lifetimes can quite probably be ascribed to 
a general salt effect. 

Systems containing zinc ions 

On comparing the retarding influence of a number of salts containing kations 
which are of interest in viscose-spinning, it was found th at electrolytes contain­
ing kations such as K +, NH4+, Mg++ show an effect of an order of magnitude 
that can be ascribed to a general salt effect. 

The retarding action of zinc ions, however, is many times larger (TABLE 3). 
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T ABLE 3 Method A; 5 oe 

Medium t' I,(M g) 

700 
725 X {0.01 N HNO. + } 3.73 

" " + 0.01 N Me(NO')2 3.84 

" " + 0.05 " 
4.30 

" " + 0.10 " 
4.55 

" " + 0.50 " 
5.62 

700 
725 X {0.04 N HNO. + } 1.75 

" " 
+ 0.01 N Me(N03)2 1.75 

" " 
+ 0.05 " 

1.78 

" " + 0.10 " 
1.88 

" " + 0.50 " 
2.13 

700 
725 X {0. 1 N HNO. + } 1.18 

" " 
+ 0.01 N Me(N03)2 1.23 

" " 
+ 0.05 " 

1.26 

" " + 0.10 " 
1.28 

" " 
+ 0.50 " 

1.34 

When we assume that besides the reactions: 

HX --+ ROH + eS2 and H ++X- +:t HX 

the equilibrium: 

Zn++ +X- +:t ZnX+ 

Klcompl 

t' I,(Zn ) (see text 
below) 

3.73 -

4.1 2 0.10 
5.75 0.11 
7.20 0.13 

24.67 0.12 

1.75 -

1.93 0.035 
2. 15 0.10 
2.48 0.14 
6.39 0.13 

1.18 -

1.23 -
1.32 0.20 
1.52 0.10 
3. 11 0.09 

plays a role in these homogeneous media, these measurements can be used to 

[Zn++] [X- ] 
determine the value of KlcomPl = -=------=--=----=­

[ZnX+] 

KlcomPl - [Zn ] ln2 
_ ++ I t, J Zn) - t, J Mg) 

t, J Mg ) - T 

f e 

I 
t,JZn) - t,J Mg ) 

= ± ZnH 

ln2 
t,J M g) - T 

On neglecting the activity coefficient, a value KlcomPl c::= 0.1 is obtained for 
the complex-equilibrium constant; f± presumably being in the range 0.5- 0.7, 
it seems safe to conclude that KlcomPl c::= 0.05 and pKlcomPl c::= 1.3. 
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Discussion 

Though the numerical values of the rate and equilibrium constants as deter­
mined for K-ethylxanthate will quite possibly differ from those for cellulose 
xanthate, the proved complex character of the zinc ethylxanthates is regarded 
as an indication of the analogous character of zinc cellulose xanthate. 

This is confirmed by technological experience: zinc sulfate in the spinning 
bath exerts a larger retarding effect on the rate of regeneration of the spinning 
filament than salts such as Na2S04 or MgS04. 

In a still somewhat looser connection one may even say that the technological 
experience is in harmony with the reaction kinetics dealt with in the preceding 
part. In spinning processes, where a fast regeneration is required, this is usually 
carried out with a second bath, 
a. containing a sufficiently high concentration of acid, 
b. having a sufficiently low zinc content (instances are even known in which 

chelating agents are used to decrease the activity of zinc) , 
c. having a sufficiently low Na2S04-content, 
d. of a tempera tu re as high as technologically and economically feasible. 

The complex character suggests a number of points of interest: 

l. The (partly) non-ionic character of the chelate bonds is probably connected 
with a certain geometrical arrangement of the xanthate groups around 
the zinc, 

e.g. something like RO-C<~ Zn ~>C-OR 
A question of interest is whether the ZnX2-state, if formed in the case of 
cellulose xanthate, has an inter- or intra-molecular structure. 

Sterically, the ZnX3- -state seems improbable in the case of cellulose 
xanthate. 

2. Already in vitro the zinc-xanthates have a limited pH-stability region, 
defined by the competing equilibria : 

X-+H+~HX 

Zn+++nX-~ ZnXn(n - 2) -

Zn+++pOH-~ Zn(OH)p(p- 2)-
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At high [H+], i.e. low pH, the activity ofthe xanthate ion becomes too low to 
result in appreciable zinc xanthate formation. At high [OH] - , i.e. high pH, 
the activity of the zinc ion becomes too small owing to the competing complex 
formation with OH-ions. 

In the spinning filament, however, before the formation of zinc xanthate 
can take pI ace at all, the diffusion process has to bring the zinc in loco before 
the pH becomes too low; so, the formation of the insoluble, and therefore 
immobile, Zn (OH)2 prevents the presence of zinc in pI aces with pH > '" 8. 

Consequently the possible formation of zinc xanthate in the spinning fila­
ment is limited to the region (formulated for the ZnX+-state): 

( 
[zn++]) ,.....,8 > pH > '" pKapp = - log K diss I + , 
KlcornPl 

or 

( 
[zn++]) ,.....,8 > pH > '" pKdiSS - log 1 + ---
KlcomPl 

( 
[zn++]) in which - log I + reflects the effect of the zinc ions on the pH at 
KlcomPl 

which xanthic acid formation begins to play a role. 
Schematically pictured for the spinning filament: 

_x_-------------:HX 

N~ .7 

xanthic acid formatien in the spinning 

filament in the absence of zinc 

tRJ •• ~ zinc xanthate formatien and 
WM HX xanthic acid formatien in the 

presence of zinc 

~~--~~--------------N~P.-<1.7-

Just as in the case of the Zn(OH)2-rings, bne expects the phenomenon that 
(provided there is a sufficient zinc activity for zinc xanthate formation) the 
zinc xanthate state is nowhere present throughout an entire cross-sèction: 
the amount present starts with zero at the nozzle, goes through a maximum at 
a distance from the nozzle corresponding with NP ---8 and th en decreases steadily; 
between nozzle and NP ----8 the zinc xanthate state is present as a ring, beyond 
NP ___ 8 as a full circle with decreasing diameter. (Compare ApPENDIX II). 

Conclusion 

On sp inning viscose in zinc containing baths it seems justified to assume that 
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besides the neutralisation and decomposition reactions involving the xanthate­
group one or more complex-forming reactions of the type 

Zn+++nX-~ ZnXn (n -2) - with n ;;;. 1 

play a role. 
In the diffusion-controlled spinning process this affe cts the dissociation of 

the xanthate ion and results in a retarding effect on the formation of xanthic 
acid. 

However, this then requires the presence of zinc in a certain pH-region; 
viz . between pH "" 8 (precipitation of Zn(OH)2 at higher pH-values) and 
pH "" 1- 2 (complete suppression of the xanthate-ion equilibria by formation 
of HX). 

H++OH-~ H 20 

Zn+++20H-~ Zn (OH)2 

H++X-~HX 

Zn+++nX-~ ZnXn (n - 2l - with n ;;;' 1 

HX -+ ROH + CS2 
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HOOFDSTUK V 

THE COAGULATION PROCESS IN THE SPINNING FILAMENT 

Principle of the ll1easurell1ent 

By spinning a monofilament, whilst applying stretch deformation at varying 
distances from the nozzle and measuring the response of the spinning filament 
towards this deformation, we hoped to obtain information about the course 
of the coagulation process. 

Two methods have been used for studying the deformation effects : 

a . measurement of the birefringence (actually : the optical retardation 
R = n X d) in the spinning filament with the aid of a microscope and a 
Babinet compensator. 
This type of compensator makes it possible to measure differentially over 
the cross section; the measurements are however limited to circular cross­
sections; it follows that e.g. filaments spun in zinc-containing spinning baths 
cannot be investigated by this method. 

b. measurement of the deformation tension in the spinning filament with an 
appropriate method. This method measures integrally over the cross­
section, however with no other restrictions. 

With both methods the effect of the applied, known stretch deformation can 
be observed and quantitatively determined. 

For applying the stretch deformation, the spinning filament is given one 
wrap around each of two bath rollers Rl and R 2 rotating at set, known, different 
speeds (SI and S2). 

Schematically the set-up is as follows: 

~~----~o~--~r---l~~[}-
~--~ 

bath roller a) microscope with bath roller 
R, Babinet compensator R2 

or b) tension meter 

The bath rollers Rl and R2, together with the measuring system, can be moved 
along the spinning filament by a motor-driven screw. 
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Apparatus 

The set-up for spinning a monofilament has been described in the chapter 
on the neutralization process in the spinning filament. 

A detailed view of the microscopic method of investigation is given in 
FIG. V-I. The supports for the rollers and microscope can be moved synchron­
ously along the spinning bath by a motor-driven screw. 

FIG. V-I. 

For determining the stretch tensions two instruments are in use, both me as­
uring the tensions against a spring, the displacement of which is measured 
inductively (Philips - PR 9310). The signal obtained is fed into a bridge 
(Philips - PR 9300) and recorded (Philips - PR 2200 A 21 ). 

FIG. V-2 shows the use of a torsion balance. This instrument allows the 
measurements to be carried out while the spinning filament is below the bath 
surface. 
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FIG. V-2. 

FIG. V -3 shows a leaf-spring balance. When this instrument is applied, the 
spinning filament leaves the bath surface af ter the first roller; the stretch ten­
sions are measured in air. 

Both instrument give essentially the same results. The leaf-spring balance 
can more easily be calibrated. With both methods the speed of the rollers is 
measured by means of the signalof a photocel, the light path of which IS 

interrupted by a vane on the axle of the roller. 
The rollers themselves are driven by ropes and variable-speed motors. 
The use of the Babinet compensator in this type of investigations is illu­

trated by the following photograph (FIG. V-4), in which is shown the idealized 
optical image, as obtained with the Babinet compensator, of a cylindrical mate­
riàl in different stages of inhomogeneity of birefringence. 

The first picture gives the optical view when stretch is applied close to the 
nozzle, 

the second picture the view when stretch is applied at a larger distance 
from the nozzle and 

the last picture represents the view obtained on stretching at still larger 
distances. 
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A series of pictures showing the optical view of the spinning viscose filament 
at increasing distances from the nozzle is reproduced in the next photograph 
(FIG. V-5). 

For the quantitative determination, the retardation is measured along the 
centreline of the filament in dependence on the distance from the nozzle. 

The microscopic magnification actually used is 100 times. FIGs. V-6 and 
V -7 show some results: the graphs refer to experiments in which (FIG. V -6) 
the drawing-off speed and percentage of stretch applied were varied and in 
which (FIG. V -7) the viscose delivery was altered. 

FIG. V -8 illustrates analogously the results obtained on messuring the 
stretch tensions at increasing distances from the nozzle; in this case the tempe­
rature of the spinning bath was varied. 

Both the optical aJ?-d the tensiometric method reveal that at a certain dis-

FIG. V-3. 
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FIG. V-4. 

FIG. V-S. 
a b 

c cl 
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500~-------------,------------~--------------~-------------r------'S,'/S'1~=~1~4~/8~ 

viscose : 8.3/4.65/33 XR = 0.49 12/7 
spinning bath : 5.0/18.0 Z = 0 T = 45 oe 10/6 
nozzle : 200 Ii 
viscose delivery : 0.201 mi / min 

drawing off speed: Sj J values are given in the I, 

spinning speed 52 ' figure (in m/ min) I 

stretch : 52/5, 14/9 

12/8 
300-j--------------j---------------t--------h"f----V-_"L--- ------+------------__i 

200+---------------\ 

10/7 

1--/'#---/'- !---+ ---------------1---------14/10 

12 /9 
10/8 

14/11 12/10 

100+-------+---7"'"zV:;>5G.L:----::~::.sV~~"_::===o===--'F~~~-14/12 
10/9 

12/11 14/13 

10 20 30 40 50 
distance {rom 

nozzle (in cm) 

FIG. V -6 Retardation in the spinning filament in dependence on the position of the measuring 
system. 
Measurements obtained on varying the drawing off speed and the stretch. 

'" 500 viscose : 8.3/4.65/33 XR = 0.49 

nozzle : 200 Ii ~.t:.:::~::;:::;2=~~§~~~~~: 
r 

spinning bath : 5.0/18.0 Z = 0 T = 45 oe 

viscose delivery : values are given in the figure (in ml /minl 

drawing off speed: 7 m/min ------J.e::::.==':1-~==t+::;;~=1~=~--l-------____l 
400 spinning speed : 11 m/min 

300T-------------+---~---.r---~--_"L~~~--__ ~------------_+------------___1 

200i-----,0~.Ov6·3-t~~~~~~~~T-~L------+--------t----------i 

0.110 
0.089 
0.134 

100+---------t----------t-------------+-------------+-----------~ 

10 20 30 40 50 
distance (rom 
nozzle (in cm) 

FIG. V -7 Retardation in the spinning filament in dependence on the position of the meas­
uring system. 
Measurements obtained on varying the viscose delivery. 

61 



o;

750a E 

2.. 500 

I 250 t 
30 oe 

l :~w 
250 

45 oe 
o 

750 
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mi o 20 40 60 80 100 

viscose : 7.3/5.5/36.5 XR = 0.45 
spinning bath : 5.0/18.0 Z = 0 
nOIzle : 200 ti 
viscose delivery : 0.250 mi / min 

drawing off speed: 7 m/ml n 

spinning speed : 7.7 m/min 

lG 55 oe 
02040608010 

distance from 

nOlzie (in cm) 

FIG. V-8 T ension-distance graphs obtained with different temperatures ofthe spinning bath. 

tance from the nozzle the response of the spinning filament towards stretch 
changes more or less abruptly. 

In a number of cases even two discontinuities were apparent in the graphs 
re pres enting the response versus the distance from the nozzle. 

We came to regard the distance from the nozzle, which corresponds with 
this discontinuity, as characteristic of the viscose spinning bath combination 
under investigation. 

Some errors of the measurement 

In general the use of the tensiometric method was preferred to the optical one: 
it gives a permanent, quickly obtainable record, is objective and not restricted 
in its applicability to spinning conditions which result in a circular cross­
section of the spinning filament. 

With both methods the difficulties encountered al ready in measuring the 
N P- and SP-distances considerably disturb the present type of measurements, 
since here the measurement involves a larger part of the spinning fi lament. 

Expressed in terms of distance from the nozzle, the inaccuracy is estimated 
to be ± 5 cm. 

ExperiDlental results. Zinc-free spinning baths 

As mentioned in the preceding section, the optical method is limited to spinning 
conditions which result in circular cross-sections. 
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Therefore we want to start this account of our investigations with zinc-free 
spinning baths, to which both methods can be applied. 

Experiments in which the H 2S04-content of the spinning bath was varied 

On spinning in zinc-free baths containing salts, e.g. (NH4)2S04 or Na2S04, 
and no or very little H 2S04, or in baths containing Na2S04+NaOH, the 
repsonse of the spinning filament towards deformation shows, idealized, a 
picture like : 

c 

1 

CP -----. d istance from nozzle 

z.e. at a certain distance from the nozzle the increase of the stretch tension or 
the retardation changes more or less abruptly. 

This distance wiU be labelled : the CP-distance. (The letter combination 
CP refers to the interpretation given later in this report; it is the coagulation 
point). 

;; 250 
E 

'1 125 

250 

125 

250 

125 

0% H,SO, 

~ 
r 

V CP 

0.3% H,SO, 

f 
V 

V t--

Vicp CRP 

0.8% H,SO, 

V 
...----

t r- -

~ CRP 

10 30 50 70 90 

0.1% H,SO, 0.2% H,SO, 

V f-"'" 

!L CP 
V V 

1/ tcp 

0.4% H,SO, 0.5~ H,SO, 

Y l-V t--

Iltcp CRP 1-
V 

V 
t--

11 CRP 
CP 

o 10 30 50 70 90 
distance from 

~ nozzle (in cm) 

viscose : 7.3/5.5/36.5 XR = 0.41 
spinning bath : x/16.0 Z = 0 T = 45 ·C 
nozzle : 200 ~ 

1% H2SO, 

V 
/V 

viscose delivery : 0.085 mi / min 

drawing oft speed: 7 m/min 
spinning speed : 7.7 m/min V t CRP 

o 10 30 50 70 90 

FIG. V -9 Tension-distance graphs obtained in acid-poor zinc-free spinning baths. 
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300,-------._----.------r----~-----.------r-----.-----,-----~----~ 

150+_------+--I---1:-f+----+-lr-~+----,.,.... 

100+-----~hh~~+_~~4_-7~~----_+----_+----~------~----+_--~ 

viscose : 7.3/5.5 /36.5 XR = 0.41 
50+-----~~~'I>"""=t-------~----__+----_+----_1l_spinnin9 bath : x/20.0 Z = 0 T = 45 °C 

10 20 30 

nozzle : 200 fL 
viscose delivery : 0.170 mi /min 
drawlng of( speed : 7 m / min 

splnnlng speed : 9 m/ min 

40 50 
distance from 

nozz/e (in cm) 

FIG. V-lO Retardation-distance graphs obtained with increasing H,SO.-content of the 
spinning bath. 

When small amounts of acid are added to the bath, the CP-distance 
decreases and a second characteristic distance appears, which will be labelled : 
the CRP. (See FIGs. V-9 and V-IO). (The letter combination CRP refers to 
the interpretation given later, it is the point where the original coagulate is 
reinforced) . 

c 
o 

~ 
~ 
(; 
c 
o 
.~ 

CP CRP -------.- distance from nozzle 

At still higher H2S04-concentrations in the bath the CP-distance disappears. 
FIG. V-II shows the results of CPtens and CRPtens determinations, in which 
we started with a spinning bath containing Na2S04 and free NaOH. 
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FIG. V-I I CPtens and CRPtens as func­
tions of the H,SO.-content of the spinning 
ba th. 

When the acid concentrations of 
the spinning bath are more then 
about 10% , the optica1 method can 
not be app1ied any more: the spin­
ning filament becomes opaque and 
very streaky. Investigation of the 
finished filament obtained at these 
acid concentrations shows that it is 
fuH of holes: it has a spongy struc­
ture; it is the acid concentration at 
which "rottenness" appears. 

Generally the harmony between 
the tensiometric and the optical 
method is acceptable (taking into 
account the respective errors which 
can easily amount to ± 5 cm in the 
CP- and CRP-distance determina­
tions) (FIG. V-l2- l3 ). 

CPopt CPtens 

CRP opt CRP tens 

l 70 
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~ 60 
1l g 

50 

T ensio~ methJd CP 

t------; ension 'method CRP 
viscose : 7.3/5.5/36. XR = 0.41 
spinning bath : x /20.0 Z = O T = 45 oe 

40 nozzle : 1OOfl- 200 fl - t--

30 

20 

10 

1\ viscose delivery : 0.085 mi /min 
drawing off speed : 7 mlmln 

"-
spinning speed : 9 m/ min - t--

\ ~ I I 1 
~ ~ ~eRP -Optica I mechod CP 

FIG. V-12 CP and CRP as functions ofthe 
H 2SO. content of the spinning bath. 
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60 r---------~--------~r_--------~ 

40 r_--------_t~--------r_~------~ 

viscose : 7.3/5.5/36.5 XR = 0.44 
20 spinning bath : x/16.0 Z = O T = 45 oe 

nozzle : 100 fl 
viscose delivery : 0.085 mi/min 
drawing off speed : 7 m/ min 
spinning speed : 9 m/min 

% NaOH __ 

-40,---------,---------,---,-----, 
5 

~ 

1l 
g 

o 0 \l 6. + (rom tension·measu rements 

•• ~ A (rom optical mesaurements 

0.100 0.200 0.300 
viscose delivery 

--. (in mi / min) 

FIG. V-1 3 Uncorrected CP- andjor 
CRP-distances as fun ctions ofthe viscose 
delivery. 
R esults obta ined with different viscose 
spinning bath combinations. 
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In individual instances, however, there is not so good a harmony between both 
methods. This refers to spinning in acid-free and acid-poor baths (where CPtens 

is larger than CPopt) ; this is possibly due to the difficulties of the optical 
method. 

Very of ten the optical method applied to the entire acid-range (O-ca. 10%) 
reveals only a single characteristic distance. From the dep enden ce of this 
distance on Na2S04-variations and XR-variations and from its confrontation 
with NP-determinations, it can be judged whether the discontinuity found 
represents the CP- or the CRP-distance. 

Variations including the other parameters of the spinning process 

It has now been found that : 

a. for a certain viscose spinning bath combination the distances CP and CRP 
are: 
1. independent of the drawing-off speed (compare FIG. V-6), 
2. linearly dependent on the viscose delivery (compare FIG. V -13), 
i.e. CP and CRP meet the requirements of a cylindrical diffusion process; 

b. the CP-distance is dependent on: 
1. the XR of the viscose: the higher the XR, the larger the CP, 
2. the salt content of the bath: the higher the concentration, the smaller 
the CP, 
3. the type of salt used: in equi­
molecular amounts (NH4)2S04 
leads to much smaller CP-distances 
than N a2S04, 
4. the alkali content of the bath: 
the higher the NaOH-content, the 
larger the CP, 
5. neither the cellulose content of 
the viscose nor the DP; 

c. the CP-distance is not tied up with a 
fixed pH-value (see e.g. FIG. V-14) *) 
The pH at the CP-distance is de­
pendent on: 
1. the H 2S04-content of the spin­
ning bath, 
2. the Na2S04-cont~nt of the spin­
ning bath, 
3. the XR of the viscose. 

-80 
E E o u 

.:: c 

~ ~70 
II ~ 
.!:! 0 

" c 60 

50 

40 

30 

20 

10 

viscose : 7.3/5.5 /36.5 XR = 0.45 
splnning bath : x/16.0 Z=OT=4PC 

r-- nozzle : 100 I-' - 200 1-'-r---
viscose delivery : 0.085 mi/min 

r drawing off speed: 7 m/min 
spinning speed : 9 m/mln 

,\ 
\\ '" ~ ~ l'--. ........ CRp 

CP
terll ~ ~ ~ ~ '--r-- ~ ----

4 5 6 7 
~%H2S04 

FIG. V-14 CP, CRP, NP,o and NP. as 
functions of the H 2SO.-content of the 
spilming bath. 

*) NP,o, NPa and NP. were determined as described in CHAPTER 111 and the pH at the 
CP-distance was obtained fr om graphs as those in CHAPTER 111, FIG. 3. 
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viscose 7.3/5.5/36.5 XR = 6.42 
spinning bath: x/ij Z = 0 T = 45 oe 

,I \ \ 
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FIG. V -15 pH in the core of the spinning 
filament at the CPopt-distance as a func­
tion of the Na,SO. content of the spin­
ning bath. 
Results obtained on varying the H 2SO.­
content of the spinning bath. 

As extreme pH-values were found 
12 and 2. (Compare FIGs. V-14, 
15 and 16) . 
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a. 
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FIG. V-16 pH in the care of the spinning 
filament at the CPopt-distance as a function 
of the XR of the viscose. 
R esults obtained on varying the H,SO.­
con tent of thc spinning bath. 

d. The CRP-distance was found to be affected only by those parameters of 
thc viscose spinning bath combination which also affect the neutralization 
process, i.e_ mainly the alkali-acid balance_ 
The CRP-distance coincides with NP .-2. 

e. On spinning in various zinc-free baths, the tension values at the CRP­
distance vary hardly at a certain viscose delivery and drawing-off speed 
and when a certain amount of stretch is applied. 

Interpretation of the experÏlnental results obtained with 
zinc-free baths 

The characteristics of the CP-distance suggest that it represents the sol-+ gel 
transition. 

By analogy an argument is found for th is in the solubility behaviour of 
cellulose xanthate (ApPENDIX IIl), which also is affected by: 
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a. the XR of the cellulose xanthate 
b. the pH of the medium 
c. the type and amount of salts in the medium. 

When this interpretation is accepted, the CP represents the distance from thc 
nozzle where, under the influence of dif-
fusion processes, the sol -+ gel transition, 
the coagulation process, has progressed to 
the centre line of the spinning filament: 
it is the coagulation point: CP. 

50_1 _-----,901 

Expressed in symbols it is the transition : 

\ ++--++ 
\ 
~ HO- HO++--

- OH 

-X+ 

- OH- - ++ 
++- - ++- -
- -++-- ++ andfor 
++--++--

-X++- -
--++ 

--OH 

++- -

I
- X ++--

--++ 

++ - -

sol state gel states 

CP 

From the coincidence of the CRP with NP.-..,2 the interpretation is derived that 
the CRP reflec ts the xanthate -+ xanthic acid transition 

\ 

- OH -OH 

- X - - XH 

So this transition occurs in an a lready coagulated state (except in the extreme 
case when the coagulation is brought about by the xanthate -+ xanthic acid 
transition). 

On the basis of the stretch tensions at the CRP (which are higher than those 
at the CP) and of the model description which (on the ground of the decreased 
charge density, i.e. decreased inter-chain repulsion) suggests a more coherent 
n etwork, the CRP-discontinuity re­
flects a reinforcement of the already 
coagulated material: it is labelled XH, ., 

the coagulate reinforcement point: 
CRP. 

By describing the CRP-discontinLl!ty as reflecting the transition to the xanthic 
acid state, we do not intend to say that at the CRP-distance the transition to the 
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xanthic acid state is stoechiometrically complete. In fact the CRP-discon­
tinuity is observed with spinning baths of such a low H 2S04-content (0.2-0.3 %) 
that this leads to the conclusion that partial formation of the xanthic acid 
state already is sufficient to give rise to the CRP-discontinuity. 

The cellulose xanthic acid starts to decompose (in a first order reaction-rate) 
immediately af ter its formation. 

- XH - OH + CS2 

The cohesion forces of the network are presumably increased by the decompo­
sition (decrease of steric repulsion, possibly additional H-bridge formation) . 

The effect of the temperature of the spinning bath (FIG. V -5) on the stretch 
tensions at and beyond the CRP-distance is tentatively understood as being 
tied up with this effect of the decomposition. 

At low temperatures the stretch tensions beyond the CRP-distance remain 
at a rather constant level over the distances measured; apparently the de­
composition does not play a role yet. 

At high temperatures the stretch tensions beyond the CRP-distances also 
remain constant, though at a higher level; presumably the rate of decomposi­
tion is so fast that as soon as xanthic acid is formed, it is decomposed fully: 
the stretch tension at the CRP-distance reflects already the properties of the 
decomposed state. 

At intermediate temperatures (40- 55 °C), however, the stretch tensions 
beyond the CRP-distance still increase: to our understanding this reflects the 
conditions under which the rate of decomposition and the rate of diffusion are 
numerically comparable. 

The optical method very of ten only discloses the sol --+ gel transition. Appar­
ently the chemical changes occurring af ter the birth of the gel-state affect the 
stress-optical behaviour of the material not so much as the sol --+ gel transition. 
Optically, the material in the later stages still reflects the structure obtained 
at its birth. 

The tension measurements on the contrary reveal all the changes affecting 
the coherence of the gel. 

In the order 

HO- ~ -OH I-OH - OH - OH 
--+ ++ ---+ --i>- --+ 

- X - - X --+ ~ -XH ~ -OH 

~ - -++- ~ 
sol gel gel gel 
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the inter-chain repulsion forces decrease, i.e. the cohesion forces of the network 
lncrease. 

Summarizing, the following model picture emerges : the sol -+ gel transition 
leads to a network with primary-junction points, which persist through the 
next stages and determine the overall geometry and the overall optical defor­
mation behaviour; subsequent chemical changes introduce secundary­
junction points (without, however, basically altering the relative position of 
the primary junction points) by which the force necessary to obtain the defor­
mation is determined. 

This model corresponds with th at developed by HERMANS and VERMAAS [1]. 

J 
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CHAPTER VI 

THE ROLE OF ZINC IN THE COAGULATION PROCESS 

ExperiD1.ental Part 

Introduction 

In order to investigate the course of the coagulation process on spinning in 
zinc-containing baths, the same technique was applied as described in 
CHAPTER V. However, only the tension-distance measurements could be 
carried out. The optical method failed owing to the more or less serrated 
cross-sec ti ons of the spinning filament. 

In general, the graphs representing the tension-distance measurements, 
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FIG. VI-l Tension-distance graphs obtained with varying H 2S04-content of the spinning 
ba th. 
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taken on these viscose spinning bath combinations show more variety and 
more detail than those referring to 
sp inning in zinc-free baths. Com­
pare FIGs. VI-I , 2, 3. 

A composite reconstruction of 
the assembied tension-distance 
graphs shows a course like: *) 

~ dlstance from nozzle 

*) Between nozzle and CRP-distance there sometimes seems to be another discontinuity; 
in general, this could not be reproduced, however. 
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bath. 

Under the different splllnlllg conditions one or more of the features of the 
reconstruction are met. Our attention was in general directed towards the 
distance again labelled CRP, which was found to develop from the CRP in 
zinc-free spinning systems. 

On testing the diffusion requirements, it was found th at these CRP-distances 
be have in harmony with the diffusion spinning relations; for a certain viscose 
spinning bath combination the CRP-distances as obtained in zinc-containing 
spinning baths are also: 

a. independent of the drawing-off speed, 
b. linearly dependent on the viscose delivery. 

The CRP-distances are therefore a true characteristic of the diffusion spinning 
process. 

Experimental results obtained on varying the viscose sp inning bath combination 

On investigating the effect of the parameters of the viscose spinning bath 
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combination generally a series of measurements was carried out in which the 
H 2S04-content of the spinning bath was varied. Besides, in parallel exper­
iments the (SV)lim was of ten determined. 

Some of the experimental data are represented graphically in FIGs. VI-4- 13. 
The following comments may be made. 

The CRP-distances obtained with zinc-containing spinning baths develop 
from the CRP-distances of zinc-free spinning systems. FIG. VI-4 shows this 
for the undoped process and FIG. VI-5 for the doped spinning. 
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Results obtained on varying the ZnSO.­
content of the spinning bath. 

80 

0 

60 

0 

0 

0 

0 

\ 
\ \ 

\ i \ 
...... ,,\ 4% ZnSO, \ \ 
~ "\ \\ 
~ ...J. ~ " "\ 

............ "-~ '''' -0% ZnSO, 

I 
1 2 3 4 5 6 7 9 

---... % H2SO, 

viscose : 7.3/55. /36.5 XR = 0.45 
Dope 0.11%083 

spinning bath : x/13.0 Z = ij T = 45 ·C 
nozzle : 100 II 
viscose delivery : 0.085 mi/min 
drawlng oft' speed: 7 m/mln 
splnnlng speed : 7.7 m/mln 

FIG. VI-5 CRP as a function of the 
H.SO.-content of the spinning bath. 
Results obtained on varying the ZnSO.­
content of the spinning bath. 

As shown in these figures, the CRP-H2S04 graphs obtained with zinc­
containing baths possess one or two relative maxima. On confronting the 
CRP-determinations with (SV) um-determinations of the same viscose spinning 
bath combinations (FIG. VI-6 is given as an example), it appears that both 
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methods lead to the same differentiation of viscose spinning bath combinations 
into spinning regions. 
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FIG. VI-6 CRP, Tension at CRP and (SV)lim as functions of the H 2SO. content of the 
spinning bath. 

This shows up most characteristically in the appearance of the low-acid 
spinning region (3% < H 2S04 < 7% in the example given), where the 
(SV)lim-values are low (and are known to be correlated with the formation of 
skin cellulose or with the swelling value of a regularly spun and processed 
yarn) and the CRP-distances are high. 

The effect of the dope shows up especially in this low-acid L-region: 
the CRP-distances are still larger; the (SV) lim is low over a wider range of 
acid -concen tra tions. 

The CRP-distances, as a characteristic of the viscose spinning bath inter­
action at an early stage of the spinning process, already indicate the obtainable 
properties of the final product. 
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Schematically illustrated: 
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H 2SO.-content of the spinning bath. 
Results obtained on varying the Na 2SO.­
content of the spinning bath. 
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On combining the results of CRP­
and (SV) lim-determinations it is found 
that the spinning regions are mainly 
determined by the balance between : 

a. the free alkali content of the viscose 
(cf. FIG. VI-IS in CHAPTER lIl) 

b. the H 2S04-content of the spinning 
bath 

c. the ZnS04-content of the spinning 
bath, 

i.e. their appearance is coupled with 
the diffusion controlled neutralization 
process (cf. CHAPTER III). 

Other factors are only of secondary 
importance; e.g. Na2S04-variations 
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FIG. VI-8 (SV)lim as a function of the 
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Results obtained on varying the Na2SO.­
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shift the regions somewhat along the acid axis (FIGs. VI-7, 8, 9). Tentatively 
this is understood as indicating the buffering action of the Na2S04 on the 
ionization ofH2S04 • 

In particular the viscose buffer salts and the XR hardly play a role in de­
scribing the location of the spinning regions. 
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R esults obtained on varying the amount of Na,SO. added to the viscose. 

The effect of zinc or zinc + dope does not only show up in the appearance of 
certain spinning regions and in the magnitude of the CRP-distance, but also 
in another aspect, viz. in the magnitude of the tension at the CRP and the 
course of the tension af ter the CRP. 

FIGs. VI-lO and 11 record for a number of series the results obtained on 
applying a fixed amount of stretch; gene rally the tensions are much higher 
than those obtained with zinc-free baths and appear to be highest somewhere 
in the acid-poor P-region (FIG. VI-12 ) . 

For a number of characteristic viscose spinning bath combinations the 
stretch (ti11 breakage) vs. tension-curves were determined at the CRP­
distance (FIG. VI-13 ). 

77 



° 
5 

100 ° 
lli 

87 5 J 
° D< ~ 

0 V 
~ ~ ~V 

..--r-.. 
.r. ~.So 

Va f\ ~ ~ r---.... ~ 
5 

~ "", 
~ 

75 

62 

500 

37 

° 0% ZnSO, 

I ......... t-- -0-

25 

12 5 

5' 

% H,SO, 

viscose : 7.3/5.5/36.5 XR = 0.46 
spinning bath : x/13.0 Z = ij T = 48·C 
nenle : 100 l.I. 
viscose delivery : 0.085 mi/min 

drawing off speed: 7 m/mln 
spinning speed : 7.7 m/ min 

FIG. VI-lO Tension at CRP-distance as 
a function of the H .SO.-content of the 
spinning bath. 
R esults obtained on varying the ZnSO.­
content of the sp inning bath. 

~ 
~ 

1000 

875 

750 

625 

500 

375 

I 1\ 
1/ \ 

1"\ ZnSO, 

I y ~ -
'\ V 0.5 1\ K !t-.. 

~ ~ t:;:: ~ 
250 

125 
0% ZnSO, 

6 7 8 9 
----.. % HzSO, 

viscose : 7.3/5.5/36.5 XR = 0.45 
Dope 0.11%083 

spinn ing bath : x/13.0 Z = ij T = 45°C 
nonle : 100 IJ. 
viscose dellvery : 0.085 mi / min 

drawlng oR" speed: 7 m/ min 

splnning speed : 7.7 mJmin 

FIG. VI-I I T ension at CRP distance as a 
function of the H 2SO.-content of the spin­
ning bath. 
R esults obtained on varying the ZnSO.­
content of the spinning bath. 

The curve representing the bath 2.5 / 16.0 Z = 4.5 relates to the acid-poor 
spinning region; this curve, if compared with the one for the bath 5.0/ 16.0 Z = 
4.0, suggests that the high tensions observed in the acid-poor region with 10w 
percentages of stretch are caused by a yield-value behaviour. 

On considering the effect of zinc and/or zinc + dope in the various spinning 
regions, it was found that: 

a. in the acid-poor region (H2S04 < 21/2% at ZnS04 ,-..J 4%) the tension 
distance graphs show a course similar to those obtained in zinc-free 
spinning; 
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the stretch tensions at the eRP, ho wever are much higher (and also depend very 
much on the Na2S04-content of the sp inning bath); this is probably the 
reason why possibly preceding discontinuities cannot be "resolved"; 
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the tensions-at-the-CRP point to a "characteristic" acid content of the 
spinning bath at which they are maximum; the CRP-distances decrease 
somewhat with increasing zinc content. The presence of a dope does not 
appear in this region ; 

b. in the low-acid region (21/2% < H 2S04 < 7% at ZnS04 c:::: 4%) the 
tension-distance graphs of the doped-spinning process show that the filament 
possesses hardly arry resistance towards diformation over a large distance from the 
nozzle; (FIGs. VI-2 and 3) the CRP-distances (on spinning without or with 
a dope) increase with increasing zinc content; for low zinc concentrations 
(Zn < 0.5 %) this could be confirmed by the optical method. 
The CRP-distances point to a "characteristic" acid content of the spinning 
bath, at which they are maximum; especially in the doped process there 
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is also a secondary maximum in the CRP-H2S04 graphs (FIGS VI-5 and 6) ; 
one is inclined to subdivide the low-acid L-region into the 
a. LprinciPal-region, around the principal maximum in the CRP-H2S04 

graphs, 
b. LseCOndary-region, around the secondary maximum. 
The stretch tensions at the CRP are generally higher than in the zinc-free 
process; 

c. in the region of medium-acid concentrations (7% < H 2S04 < 10- 12%) 
the effect of zinc andfor zinc + dope gradually disappears (FIGs. VI-4 and 
5) ; in a number of cases the tension-distance graphs even show a transient 
decrease of the stretch tension af ter the CRP-distance (FIGs. VI-I, 2, 3) ; 

d. in the high-acid region (H 2S04 > 10%) neither the CRP-distance nor 
the tensions suggest anymore any effect of zinc (FIGs. VI-4, 10). 

From the experiments involving variations of Na2S04 it appears that Na2S04-
variations : 

a. in the acid-poor region hardly show up in the CRP-distances and (SV)lim­
values, but have a pronounced effect on the values of the tension-at-the­
CRP (at low stretch percentages applied) (FIG. VI-12) ; 

b. in the low-acid region hardly affect the CRP-distances at and around the 
principal maximum in the CRP-H2S04 graphs (FIG. VI-7), but have a 
pronounced influence (this could be proved to be an osmotic deswelling 
effect) on the level of (SV)lim-values (FIG. VI-8). 

Variations of xanthate ratio ( car~ied out in the range 0.25 < XR < 0.55) 
are without effect on the CRP-distances. 

In dope-free spinning the CRP-distances were found at NP-distances corre­
sponding with pH < r-/ 2. Specifically in the low-acid region, on spinning 
without a dope, zinc was found to have no effect on NPlO, NP6, NP4 (see 
CHAPTER 111), but to displace the CRP-distance in a direction away from the 
nozzle. For doped low-acid conditions we are inclined to discard the indicator­
colour change method as a measure of NP-distances; whereas the CRP-dis­
tances obey the diffusion requirements and are independent ofthe drawing-off 
speed, the distance from the nozzle at which e.g. the colour change of bromo­
cresolpurple is complete (in vitro at pH r-/ 6) is dependent on the drawing­
off speed. 

Interpretation of the experi:mental results obtained with 
zinc-containing baths 

The problem to find an interpretation of the phenomena observed in experi-
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ments with zinc-contammg baths was approached Vla considerations on 
diffusion processes and chemical reactions. 

We did not succeed in obtaining a really consistent picture. This is not 
surprising, for in regard to stretch tensions one actually has to do with the 
sum-total of all different types of processes which have affected the gel­
structure. Since only a few simplified systems were investigated, our approach 
of this complex system is both lacking in depth and in scope. Therefore the 
following paragraphs have a tentative character. 

The tension-distance curves relating to the different spinning regions be­
have differently on varying the zinc sulfate content of the spinning bath. In 
our opinion this means th at different mechanisms govern the different spinning 
reglOns. 

In constructing the interpretation, our attention was again centered on the 
reactions which the xanthate group can undergo; all the experiments involving 
variations of the zinc sulfate concentration showed that the CRP-discontinuity 
in zinc-containing baths developed from the CRP-discontinuity in zinc-free 
baths, which was interprcted as the transition to the xanthic acid state. 

In fact, this led us to the conclusion that also in zinc-containing baths the 
CRP-distance reftects the point where the diffusion process has resulted in 
(possibly only partial) formation of the xanthic acid state up to the centreline 
of the spinning filament . 

The low-acid L-region. 

The displacement rif the CRP-distance in the low-acid L-region with increasing zinc­
content (increasing CRP-distances result from increasing zinc-contents) can 
then simply be interpreted as the consequence of the, transient, zinc-xanthate complex 
formation (see CHAPTER IV, p. 54) . 

In harmony with this interpretation it was found that under dope-free 
spinning conditions the CRP is displaced towards lower pH-values. 

This chemical interpretation of the CRP-discontinuity in zinc-containing baths as 
reflecting the transition to the xanthic acid state is furthermore in harmony with the 
effects of XR- and Na2S04-variations on the CRP-distance . On comparing equivalent 
spinning conditions, both parameters hardly affect the CRP-distance (with the 
exception of the Lsec-maximum) ; so, physical phenomena (such as the sol --7 
gel transition, which is dependent on both factors or the rate and magnitude 
of the osmotic deswelling which are dependent on the Na2S04-content) do 
not seem to be decisive factors in determining the CRP-distance. 

Accepting this interpretation, the conclusion is reached that the dope effect in 
the low acid region is equivalent to an increased or more effective complexformation. 
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The medium-acid M -region 
The medium-acid M-region appears as a typical transition region between the 
low-acid L-region, where a maximum effect of zinc or zinc+dope is observed, 
and the high-acid H -region, where - presumably owing to the H +-Zn++­
- OH- -diffusion balance - no effect of zinc on the CRP-distance is observed 
anymore. In fact the yams obtained in the M -region are inhomogeneous ; 
when investigated with suitable means, such as dye-affinity tests and phase­
contrast microscopy they show an outer skin and an inner core, whereas the 
yarns obtained in the H-region have a core character through the entire cross­
section. 

The acid-poor P-region 
The CRP-determinations in the acid-poor P-region do not show the effect of 
zinc on the CRP-distance; apparently, either no complex formation occurs 
or the CRP-distance does not reflect the formation of the xanthic acid state. 
If it is taken into account that with increasing zinc contents the range of acid 
concentrations over which the P-region extends is decreased in favour of the 
low-acid L-region (even so far that at very high zinc contents the acid-po or 
region becomes nearly non-apparent), the conclusion may be drawn lhal in the 
acid-poor P-region no zinc xanthate formation occurs. Considering the results of the 
Zn++-H+-OH- -diffusion phenomena (CHAPTER lIl ) this is unexpected : 

1. the (SV)um investigations with synthetic viscoses (prepared from cellulose 
xanthate + lye) revealed that the H +- OH- -diffusion spinning relations 
determine the range of the spinning regions. 

2. the model studies with lye-filled cylinders suggested that only the M­
region has transition characteristics, but give no indication of a change of 
phenomena between P- and L-conditions. 

Another element in constructing the interpretation is the stretch-tension-at-the­
CRP-distance and the course of the tension-beyond-the-CRP-distance. On 
spinning in zinc-containing baths the stretch tensions at the CRP-distance 
are generally much higher than on spinning in zinc-free baths. Apparently 
the chemical definition of the gel-state (viz . that at the CRP-distance the 
xanthic acid state is formed) is not yet sufficient to fully define the physical 
structure properties. 

A simple explanation would be that at the CRP-distance the diffusion has 
led to only partial xanthic acid formation, the remaining xanthate still being 
in the xanthate ion, andfor zinc xanthate state. *) 

*) This is a sensible assumption; on determining the rate of the d ecomposition of K-ethyl­
xanthate in these spinning bath media, the t' /,-values found showed the presence of non­
xanthic acid xanthate even under these equilibrium conditions. 
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The amount of xanthic acid formed at the CRP, or the proportion formed 
from the total xanthate, should then be sufficient to reveal the CRP-dis­
continuity; the remaining xanthate would still codetermine the stretch tensions 
observed. 

Presumably the deformation modulus of the different gel states increases in 
the order: 

-ZnX+, - X - < - XH < - ZnX2 < - OH, 

which follows from considerations on the role of charge effects and cross­
linking effects on the coherence of the gel structure. In the case of zinc-free 
spinning processes the increase of the tension up to the CRP-distance is under­
stood to reveal the increase in the amount of xanthic acid (the xanthic-acid 
state being more difficult to deform than the preceding xanthate-ion state), 
which continues till, at the CRP-distance, this process has reached the centre­
line of the filament. 

On spinning in zinc-containing baths, the increase of the tension to still 
higher levels, continuing until the CRP-distance has been reached, then reveals 
a dual character of the CRP-discontinuity: 

1. zinc ions diffusing into the spinning filament together with the protons 
result in increasing ZnX2-formation; this process is stopped when: 

2. the diffusing protons have sufficiently decreased the pH to result in HX­
formation. 

If we accept this interpretation, the CRP-discontinuity marks the distance 
from the nozzle at which in the competition of the diffusing zinc-ions with 
the protons for the xanthate-group: 

Zn+++ 2X- +:t ZnX2 

H++ X - +:t HX 

the balance turns in favour of the protons. 
Af ter the CRP-distance the replacement of zinc by protons as partners of 

the xanthate group still goes on; the temporary decrease of stretch-tension 
beyond the CRP-distance, observed in a number of viscose spinning bath 
combinations (particularly those in the M-region), is thought to reffect this 
process, till it is overtaken e.g. by the decomposition. 

It seems even conceivable that this replacement of the remaining zinc 
xanthate has a diffusion-controlled stepwise mechanism: 

ZnX2 + H + +:t HX + ZnX+ 

ZnX++H+ +:t HX + Zn++ 

In the majority of combinations of viscose and zinc-containing spinning bath, 
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however, the temporary decrease in stretch-tension beyond the CRP-distance 
is not observed: the tensions at and beyond the CRP are high and remain on 
a high level. 

If we accept that also in these cases xanthic acid is formed, the conclusion 
seems inevitable th at the gel somehow retains the properties of the zinc xan­
thate state; i.e., under suitable conditions the spinning mechanisms: 

viscose -?- xanthate ion gel -?- xanthic acid gel 

viscose -?- zinc xanthate gel -?- xanthic acid gel 

lead to xanthic acid gels having structures reHecting the preceding state: 

the gel structure is not necessarily a reversible property of the chemically defined 
state but can be frozen in. 

This is not a new concept but an application of a classical verdict - viz. the 
viscose-rayon endproduct has a memory of the moment of its birth - to a state 
already obtained in the spinning bath. 

On attempting to interpret the high tensions observed in spinning in zinc­
containing baths, an exception has to be made for the doped-spinning condi­
tions. Our investigations showed that here, especially at the two maxima in the 
L-region, the resistance to stretch deformation is built up very slowly. 

This seems to exclude the ZnX2-state as a means for eXplaining the behav­
iour, but suggests that the ZnX +-state determines the properties observed. 

Then the two maxima possibly reHect the two diffusion-triggered reaction 
paths for ZnX+-formation: 

Zn+++ ZnX2 ~ 2ZnX+ 

ZnX2 + H + ~ HX + ZnX + 

RelDarks 

In the preceding sections we have attempted to approach the tension-distance 
phenomena on the basis of chemical reactions triggered by diffusion processes. 

We are aware that many more reactions are possible in the spinning process; 
the role of the viscose-buffer salts was e.g. entirely left out of the discussion. 
Also physical aspects were generally neglected. Their importance is suggested 
by the ambiguity of relating the gel properties to a chemical definition of the 
gel. 

This is clearly demonstrated by the effect of N a2S04-variations on the 
stretch tensions in the acid-poor P-region: 
in the acid-poor P-region Na2S04-variations have little effect on the CRP­
distance, but (on spinning in zinc-containing baths) they are of decisive im­
portance in codetermining the stretch tensions at the CRP (whereas on spin-
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ning in zinc-free baths no effect on the CRP-distance or the tension was found). 
Furthermore this cooperation of Na2S04+ZnS04 becomes especially clear at 
a certain H2S04-content of the spinning bath, but is revealed in stretch (till 
breakage) tension curves only at low percentages of stretch applied. 

A satisfactory consistent interpretation of these phenomena could not be 
reached. 

It is of practical importance th at for a number of well-developed technological 
spinning processes the CRP-distance was found to correspond with the bath length 
required for obtaining optimum mechanical properties. This is understandable if it 
realized that the optical investigations showed that only at this or larger 
distances the filament responds homogeneously to stretch deformation. 
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CHAPTER VII 

GENERAL DISCUSSION 

Qualitative rernarks 

The phenomena reported and their interpretation reftect the fundamental 
importance of the diffusion in determining the course of the spinning process. 

Even the CP- and CRP-distances (which as properties of the immobile 
cellulose component, are the derivatives of the diffusion process) we re found 

t 
to obey the spinning relations based on considerations on - . Presum-

r02 

ably these spinning relations also result from a more advanced mathematical 
treatment of cylindrical diffusion processes with consecutive chemical reactions, 
but without the simplifications we made. 

In regard to the phenomena in Müller-type spinning baths an important 
roIe is apparently played by the H +-OH- diffusion balance. This balance 
determines the spinning regions (compare CHAPTER 111, FIG. 16, int. al. by 
regulating the diffusion of zinc ions) and in cooperation with the rate of other 
processes (diffusion of other species, e.g. ZnS04, chemical reactions), also 
codetermines, as we concluded, a number of intermediate states in the spinning 
filament and their pH-dependent life times. 

The phenomena reported have furthermore revealed the possibilities and 
consequences of diffusion-controlled chemical reactions in affecting the 
physical state of the immobile cellulose component. It was concluded that in 
a number of cases the deformation properties of the spinning filament seemed 
to reftect and to follow the chemical reactions of the cellulose xanthate group. 

This certainly does not cover all aspects of the coagulation process. 
On the one hand there is the sol --+ gel transition in the xanthate state, 

which must have a more purely physical character (except in the extreme cases 
where it is coupled to a reaction of the xanthate group: zinc-xanthate forma­
tion or xanthic acid formation at high xanthate ratios). 

On the other hand there is the consideration that the xanthic acid state is 
common to nearly all spinning processes as being the last state before the for­
mation of regenerated cellulose. The deformation properties of the spinning 
filament beyond the CRP-distance and also the properties of the final product 
may vary widely, however. 

In a number of instances we concluded therefore that the deformation 
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properties seemed to indicate a "freezing in" of an early-formed structure, 
insusceptible to succeeding chemical reactions of the xanthate group. 

For these cases the classical verdict - "the viscose rayon final-product has a 
memory of the moment of its birth" - has possibly even to be taken literally: 
the structure of the final-product is predestined by the firstly formed gel state. 

Frozen in structure properties are not unfamiliar in cellulose chemistry. 
VERMAAS [IJ, has found that the deformation properties of nitrated viscose 
filaments are to a certain extent comparable to those of the original, un­
nitrated filament. 

Analogously, RICHARDS [2J concludes that the effects of heterogeneous 
acetylation and methylation of isotropic cellulose on mechanical properties in 
the air-dry state are very smal!. 

SAUNDERS [3J has found that the deformation properties of acetate films 
are virtually unaltered by saponification. 

Tentatively, one co mes to think in terms of structure-organizing processes, 
coupled with the chemically distinguishable, intermediate states, having the 
character and aspects of crystallization and suppressed recrystallization 
phenomena and possibly involving yet another kinetic element: 
the rate of the organizing process and the chance it gets, under the prevailing 
diffusion and reaction conditions, to affect the mass of material; the lifetime 
of the states may become an important factor. 

It may be added that historically verdicts such as (VERMAAS, [4J) "the 
original gel should not be too old" and "the lifetime of the state should not be 
too short" have found their way into viscose chemistry, though without coup­
ling the state with a certain chemical description. 

Assembling these considerations about the viscose spinning process and 
taking into account that stretch deformation leads to orientation anisotropy of 
the structure, one concludes that it is possible to describe the viscose spinning 
bath interaction in terms of consecutive and interacting 
1. diffusion processes 
2. chemical reactions 
3. structure-organizing processes 
4. orientation phenomena 

Formulation of reaction paths 

For a number of technological spinning processes the formulation of areaction 
path seems possible, if the interpretation of the CP- and CRP-determinations 
is accepted. In general the first-appearing gel states are different. 
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a. Classical VLSCOSe spinning 

The classical viscose spinning process, carried out as a two-step process (using 
a salt solution as coagulation bath, regenerating afterwards) or with a one­
step (salt and acid containing) Müller bath, becomes: 

~ ++--
HO- ~ HO-

- OH OH++ - OH - OH - OH 
++--++- andf --+ --+ 

++--+ or ++--

- x- - X ++- -X++- - XH - OH 
++--++- ++--++ 

sol gel gel gel gel 

b. Standard textile spinning 

When small amounts of e.g. Zn++-ions are added to the Müller bath (as is 
done in regular textile spinning processes) the coagulated xanthate state reacts 
at least partly along the mechanism: 

~ HO­

~ - OH--+ 

\-x-
sol 

i-DH ~ 
r;~~H 
\ --++-­

gel 

c. Low-acid spinning 

\ 

~ -OH HO-
\ --+ 

- x Zn X -

gel 

~ 
~ -OH 

- XH 

gel 

- OH 

- OH 

\ 
gel 

At increased XR and zinc content, and under the proper H+-Zn++-OH-­
diffusion conditions, viz. those of the tyre yam spinning processes in the low­
acid L-region, the mechanism becomes: 

\ HO- \ 

- OH - OH OH HO-

- X - - X -

~ 
- x Zn X-~ 

sol sol gel 

d. Toramomen process 

~.-OH 
andfor I --+ 

- XZ+ 

\ 
gel 

I-OH 
I-x;; 

- OH 

- OH 
\ 
\ 

gel gel 

As a contrast, in the Toramomen spinning process coagulation does not occur 
before the xanthic acid state is reached (as the viscose has a high XR, and a 
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very dilute mineral acid bath of about room-temperature and containing hardly 
any salts is used as spinning bath) : 

HO­
- OH 

- X -

sol 

- OH 

- X -

sol 

- OH I-OH 
~ -XH I-OH 
gel gel 

The low temperature of the Toramomen spinning bath is possibly required 
to give the xanthic acid state a long lifetime. 

e. Lilienfeld process 

Though outside the range of our investigations, it can be assumed that under 
Lilienfeld spinning conditions (i.e. with a spinning bath consisting of a rather 
concentrated H 2S04-s01ution), the reaction path becomes: 

~ HO- ~ 
- OH --+ - OH --+ ~ - OH--+ 

~ -XH 

gel 

- X - - X -

sol sol 

- OH - OH I-OH 
--+ 

~ -OH 
\ 
\ 
gel 

- XH 

gel gel 
- OH 

in which the formulation reflects the empirical knowledge that 
- XH ·H 2S04 

the decomposition of the xanthic acid group in these conc. H 2S04-media is 
very much retarded; whether this is a pure medium effect or whether other 
effects, e.g. protonization of thc xanthic acid group, play a role is an open 
question, however. 

f Spinning in the presence of formaldehyde 

For spinning processes carried out in the presence of formaldehyde (which 
is known to interact with the xanthic acid group in a non-instantaneous 
equilibrium) a part of the reaction path is: 

~ - OH --+ ~ -OH --+ ~ - OH 

~-X- ~ -XH ~ -OH 
gel ~ gel 

~ -OH 
s 
~ -XCH20H 
gel 
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g. Doped spinning 

Accepting the interpretation that the doped low acid spinning conditions in­
volve the ZnX + -state, it should be noted th at the latter can only be formed 
via the insoluble ZnX2-state: 
the amount ofzinc required (which the diffusion has to bring into the spinning 
filament ) increases in the order X--ZnX2-ZnX+. 
Whether the reaction ZnX2 -+ ZnX + 

(a. ZnX2 +H+ -+ ZnX++ HX or 

b. ZnX2 + Zn++ -+ 2ZnX+) 

leads to ZnX+-properties will depend on the susceptibility of the insoluble 
ZnX2-state. 

Ifthe doped low-acid sp inning conditions are considered to be representative 
of the conditions of skin cellulose formation, the mechanism of skin cellulose 
formation becomes: 

\ HO- ~ ~-OH HO-~ ~ ~-OH ~ -O~ - OH - OH -OH 
-+ -+ -+ -+ 

- X - ~-X- - x Zn X- - XZn+ - XH -OH 

sol sol gel gel gel gel 

It may be mentioned th at this formulation covers the different aspects of the 
spinning process only partially. 

In fact it is known that for skin cellulose formation the spinning filament 
should undergo an osmotic dehydration at an early stage; this an important 
effect connected with the N a2S04 in the spinning bath. 

In this connection another question of interest is the technological exper­
ience as to the important role of the viscose buffer salts in the process of skin 
cellulose formation; possibly they also act as counterions for the ZnX+-state: 
e.g. ZnX+SH- or ZnX+HCS3- , which is possibly responsible for the yellow 
colour of the doped spinning filament. 

In an analogous way the ZnX+-state could interact with negative indicator 
ions, by which the pH-equilibrium : 

negative indicator-ion + H ++tneutral indicator molecule 

is affected and by which the SP- and NP-measurements are disturbed. (CHAP­
TER 111). The NP-measurements with alizarin-Na (CHAPTER 111, FIG. 14) 
(NP1o independent of drawing-off speed, NP4 linearly dependent on drawing­
off speed in the doped spinning process) are then understood to indicate that 
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in the centreline of the sp inning filament at pH r-.J 10 ZnX + is not yet formed, 
but th at at pH ~ 4 the indicator interacts with the ZnX+-state (see also 
CHAPTER IV). 

The nature of dopes 

As is shown by the (SV)lim and tension-distance measurements, the dopes 
exert their effect on the spinning filament under the low-acid spinning con­
ditions. 

In interpreting the experimental phenomena it was suggested that the 
ZnX+-state is involved. 

The mechanism of the dope action however represents a still unsolved 
problem. 

1. Hypothesis of diffusion inteiference 

Historically, a number of hypotheses have been formulated (see e.g. SISSON 
[5] ), which assume that the dopes exert their action by interfering with the 
H +-OH--Zn++ diffusion process. 

These hypotheses start from the observation th at on addition of a dope the 
NP-values at finite drawing-off speeds are displaced away from the nozzle and 
in general pre-suppose an interaction between the diffusing components, 
H +-OH--Zn++, with the dope and with the non-cellulosic viscose buffer 
salts, particularly the N a2CS3 ; the overall effect should then be either a 
retarding effect on the proton diffusion ("barrier" hypotheses) or an acceler­
ating effect on the Zn-diffusion ("carrier" hypotheses). 

It seems to us, however, that there are a number of arguments against 
these hypotheses: 

a. if the H+-OH--Zn++ diffusion balance is involved, one expects an 
analogous result to be obtainable by altering the boundary conditions of the 
dope-free diffusion process: 
i.e. a change of concentrations of the bath components should act analog­
ously; however, neither an increase of the ZnS04-concentration nor a 
decrease of the H 2S04-concentration (by which one eventually arrives at 
the acid-po or spinning conditions which result in an all-core yam) imitates 
even the dope action as shown by e.g. skin core differentiation tests of the 
final product. 

b. the study of the neutralization process in the spinning filament showed that 
the H +-OH- diffusion process is essentially unaltered by the dope (extra­
polating the measurements to drawing-off speed _ 0) . 
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2. Hypotheses of structural regulation 

We venture the hypothesis that the dopes exert their action by interfering with 
the structure formation directly and not by interfering with the diffusion process. 

By analogy this seems possible: skin formation is not only favoured by the 
addition of a dope but also in the dope-free process: 

a . by increasing the cellulose content of the viscose, both on using "natural" 
viscoses and on using "synthetic" viscoses (obtained by dissolving pure 
cellulose xanthate in lye) . 
From natural viscoses with a cellulose content of 12- 15% an all-skin yarn 
can be obtained, under low-acid spinning conditions. 

b. by increasing the XR; an effect which is also found with synthetic viscoses 
on increasing the XR to values of ,......, 0.70. 

This hypo thesis is moreover based on the observation (obtained on examining 
many different dopes by means of (SV)lim-, CRP- and skin-core tests ) that 
for dope action a minimum molecular volume of the dope is required, which 
possibly suggests a type of "plasticizer" action of the dope. (Compare e.g. the 
lower homologues of amines with the higher ones; analogously the 10wer 
dithiocarbamates are less active than the higher on es ). 

It is suggested th at the dopes exert their action during the transition to the 
ZnX + -state, either topochemically by keeping the chains in the ZnXz-state 
far enough apart to permit newly arriving Zn++-ions to result in ZnX+­
formation, or more physically, by increasing the "susceptibility" of the gel so 
as to undergo the structural reorganization to the ZnX + -state. 

For the dopes possessing a free pair of electrons an interaction with the 
cellulose xanthate chain seems possible by H-bridge formation with the al­
coholic OH-groups. This possibly competes with the interchain H-bridge 
formation during the gel-organizing process. 

3. Hypothesis of mixed complex formation 

The formation of mixed complexes between xanthate group, dope and Zn-ions 
presents itself as another possibility: 

dope-Zn- X, i.e. as a competing partner for the ZnX+-state. 

A related possibility has been formu1ated by TOMS [6] who concludes that the 
xanthate group reacts wjth compounds with an active hydrogen under for­
mation of an ortho-ion: 

S / M 
R- O-C/ + MH ~R-O-C-SH 

~S- ~S-
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MH represents e.g. an amine or H 2S. In alkaline media these ions possibly 
dissociate further, e.g. for H 2S: 

/ SH / SH / S-
R- O-C- SH +± R-O-C- S- +± R- O- C- S-

"'S- "'S- "'S-

Taking into account the role of the diffusion and the number of reactions in 
which the xanthate group, the zinc-ions, the dopes and other viscose compo­
nents possibly partake. the restricted and tentative character of the interpreta­
tion of the phenomena discussed should be stressed again. 
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CHAPTER VIII 

SUMMARY 

In the spinning of viscose a number of unit-processes can be distinguished; 
e.g. the neutralization and acidification, the coagulation, the decomposition 
or regeneration, etc. 

So far as they are connected with the transport of matter into or out of the 
spinning filament, they are kinetically coupled with and dependent on the 
diffusion; besides, at least one of these unit-processes, the decomposition­
reaction, is known to have a finite reaction rate. 

The investigations reported in this thesis are in particular related to the role 
which diffusion processes and chemical reactions play in determining the 
course of the spinning process. 

From existing theories about cylindrical diffusion processes with consecutive 
reactions of the diffusing components, a number of relations between the para­
meters of the viscose spinning process were derived ( CHAPTER 11). E.g.: 

a . The equi-concentration points in the spinning filament, governed by a 
cylindrical diffusion process with consecutive instantaneous reaction of 
the diffusing components, lie on a bell-shaped surface of rings having their 
centres in the centreline of the spinning filament. 

distance from 

-------.- nozzle 

b. For a given viscose spinning bath combination the distance from the 
nozzle at which a certain diffusion-controlled quasi-stationary state win be 
found is linearly dependent on the amount of viscose delivered through the 
nozzle hole and is independent of the drawing-off speed. 

An investigation into the course of the neutralization process in the spinning 
filament was carried out (CHAPTER 111) by sp inning a monofilament from a 
viscose to which a pH-indicator had been added. The experimental results 
we re generally found to be in good harmony with the theoretical predictions 
based on the diffusion process, in which the diffusing and reacting partners are 
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assumed to be the H + and OH- -ions. The above figure e.g. represents then an 
experimentally found iso-pH line in the spinning filament; the distance from 
the nozzle, at which the colour change of the indicator throughout the filament 
has been completed, has been labelled the neutralization point distance: NPx 

(the pH of colourchange of the indicator has been added as an index). 

iso pH line 

~----I---------------
high pH low pH 

NPx distance 

For certain spinning conditions, however, viz. on spinning in zinc sulfate­
containing baths, notably in the presence of a modifier or dope, the colour 
change phenomena of the indicator were in disagreement with the above­
mentioned theoretical predictions; though it seems that this discrepancy be­
tween , theory and experiment is connected with the formation of a certain 
structural modification of regenerated cellulose (so-called skin cellulose), an 
unambiguous interpretation of these phenomena could not be obtained. 

From model experiments with alkali-filled cylindrical media, which there­
fore contain neither the cellulose xanthate nor the viscose buffer salts and 
which were placed in solutions of the same composition as that of regular 
spinning baths, we learned th at under certain conditions the zinc ions diffuse 
into the cylinder synchronously with the protons, the rate being determined 
by the protons. Under these conditions (which in some respects are comparable 
with the conditions under which skin cellulose can be formed) the front of the 
zinc ions coincides with pH ,....., 8, and a precipitate of Zn(OH)z is formed in 
the range 6 < pH < 8. 

In terms of a spinning cylinder this is represented by 

.'!%, front or zinc-Ions coincides with pH N 8 

no zinc-ions:---_~/~ 
present _---------: zinc-ions present 

The changes of medium brought about by the diffusion lead to a number of 
chemical reactions of the immobile cellulose xanthate and are in turn coupled 
with these reactions. Ey the increase ofthe proton concentration in the spinning 
filament, e.g. the cellulose xanthate ion will be neutralized: 

H ++X- +±HX 

One of the concecutive reactions of this is the decomposition: 

HX -+ ROH + CS2• 
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In vitro model experiments ( CHAPTER IV), which mainly involve a study of 
the decomposition kinetics of K-ethylxanthate in acidic media in the presence 
of zinc-ions, showed that, moreover, complex equilibria between xanthate ions 
and zinc ions have to be taken into account. (For some different zinc ethyl­
xanthate complex es the equilibrium constants could be determined: 

X-+Zn++~ ZnX+ pKcomPl ~ l.3 

3X-+Zn++~ ZnX3- pKcomPl ~ 4.7). 

Taking into account the competitive effect of these complex equilibria on the 
position of the acid dissociation equilibrium, one may conclude that the for­
mation ofthe xanthic acid state in the spinning filament is displaced away from 
the nozzle by the complex formation. Schematically pictured: 

X- HX 

Xanthic acid formation in the spinning filament in the absence of complex formation with 
zinc ions (on the assumption that pKdiSS (cell. xanthic acid) = pKdiss (e thyl xanthic acid), 
the value for the latter being pKdiss = 1.7). 

Xanthic acid formation in the spinning filament under such conditions that zinc xanthate 
camplexes can be farmed. 

We then carried out an investigation on a monofil spinning machine into 
the stretch-optical and stretch-tension behaviour of the spinning filament, 
starting from the idea that different "states" (sol state, gel state, and possibly 
even different gel states) will have a different stretch-optical or stretch-tension 
behaviour. The method of investigation consisted in spinning a monofilament, 
applying stretch at varying distances from the nozzle and measuring the 
corresponding stretch-tension or optical retardation values. By using for the 
latter purpose a microscope with a Babinet compensator it is even possible to 
measure differentially over the cross-section. 

The results obtained with zinc-free spinning baths ( CHAPTER V) show the 
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presence of one or two characteristic distances as schematically reproduced 
in the following picture: 

c C 
o _g 
C ~ 

.~ ] 

distancc from 

nozzle 

Both characteristic distances, CP and CRP, were found to meet the require­
ments of a cylindrical diffusion process (i.e. they are liniarly dependent on the 
viscose delivery and independent of the drawing-off speed) . 

On varying the viscose spinning bath combinations, the CP-distance further­
more appeared to be dependent on those factors which also affect the solubility 
behaviour of cellulose xanthate (e.g. the xanthate ratio of the viscose, the type 
and amoun t of spinning bath sal ts) . 

The CRP-distance, however, was found to be only dependent on those 
parameters of the viscose spinning bath combination which also affect the 
neutralization process, i.e. mainly the alkali-acid balance. 

For zinc-free baths the CRP-distance was found always to coincide with 
NP,--.,2. 

On the basis of the various experimental results the CP-distance was inter­
preted as corresponding with the distance from the nozzle at which the sol---+ gel 
transition, as controlled by the changes of medium brought about by the 
diffusion, was completed up to the centre line of the spinning filament; this 
sol---+ gel transition apparently takes place while the cellulose xanthate state 
is still preserved. The CP-distance is the coagulationpoint distance. 

Analogously, the CRP-distance corresponds with a diffusion-controlled 
process by which the original coagulate is reinforced (= coagulate reinforce­
ment point); it has been interpreted as the transition from the cellulose 
xanthate state to the cellulose xanthic acid state. 

So, the following picture for the spinning filament appears: 

• •• DXHgel 
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When spinning was done in zinc-contammg baths (CHAPTER VI), only the 
method based on tension measurements could be applied; the optical method 
requires circular cross-sections, which generally are not obtained with zinc­
containing baths. 

The graphs representing the tension-distance measurements relating to the 
zinc-containing baths show in general more variety and more detail than those 

c 

.~ 

CRP distance trom 
nozzte 

referring to spinning in zinc-free 
baths; the level of the tension 
values is gene rally much higher. 

The characteristic distance, 
again called CRP, was found to 
be a true characteristic of the dif­
fusion spinning process and ap­
peared to develop from the CRP­

discontinuity in zinc free spinning systems, which was interpreted as the 
transition to the xanthic acid state. 

In agreement with the complexing effect of zinc ions on xanthate ions it 
furthermore appeared that under some conditions (notably in the so-called 
low-acid L-region) the CRP-distance was found at larger distances from the 
nozzle than under spinning conditions 
without zinc in the spinning bath. 

We did not succeed in obtaining a "­
consistent interpretation of the various u 
experimental findings. So our investi­
gations with these zinc-containing spin­
ning baths largely have a phenomen­
ological character; however, this led to 
the view that the gel structure is not 
necessarily a reversible property of the 

H2SO, content of 
----. splnning bath 

chemically defined state, but may have a "memory" of earlier states. 
In a general discussion (CHAPTER VII) this conclusion is given a generalized 

basis by postulating that besides diffusion processes and chemical reactions, 
structure organizing processes with the character of crystallization and re­
crystallization processes play a role in determining the course of the spinning 
process and the properties of the final product. 
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CHAPTER IX 

SAMENVATTING 

In dit proefschrift wordt verslag gedaan van een aantal onderzoekingen over de 
wisselwerking tussen viscose en spinbad in het viscose spinproces. 

Na een inleidend HOOFDSTUK lover het viscose spinproces wordt in HOOFD­
STUK II een modelbeschouwing gegeven over het spinproces uitgaande van 
bestaande theorieën over cilindrische diffusie met opvolgende chemische 
reactie tussen de diffunderende componenten. 

De conclusies van deze modelbeschouwing worden vervolgens in HOOFD­
STUK III toegepast in een onderzoek over het neutralisatieverloop in de spin­
nende draad. Dit onderzoek werd uitgevoerd op een monofil-spinmachine door 
viscoses te verspinnen waaraan een pH-indicator is toegevoegd. Aannemende 
dat de diffunderende en reagerende partners de H +- en OH- -ionen zijn, kon­
den de experimentele resultaten in het algemeen aanvaardbaar geïnterpre­
teerd worden, in het bijzonder echter met uitzondering van de waarnemingen 
verkregen bij het zgn. doped spinproces. In aansluiting hierop werd een model­
onderzoek verricht met dikke cilindrische staven over de invloed van de zuur 
(in het spinbad) -alkali (in de viscose) verhouding op het transport van zink­
ionen de draad in. 

De milieu-veranderingen, die door de diffusie teweeg gebracht worden, 
leiden ook tot een aantal reacties van het immobiele cellulose-xanthogenaat. 
Hierop wordt ingegaan in HOOFDSTUK IV, waar de resultaten van een in vitro 
onderzoek worden vermeld, uitgevoerd met behulp van K-aethyl-xanthoge­
naat, betreffende reacties die de xanthogenaat-groep kan aangaan met proto­
nen en met zink-ionen. 

Dit onderzoek voerde tot de conclusie dat de vorming van zink-xanthogenaat 
in de spinnende draad slechts in een bepaald pH-gebied mogelijk is (en dat 
dus nergens over de gehele doorsnede van de spinnende draad zink-xantho­
genaat aanwezig kan zijn) en dat door het complex-karakter van zink-xantho­
genaat de xanthogeenzuurvorming in de spinnende draad naar gebieden met 
lagere pH verschoven wordt (i.e. van de dop af) . 

Het voorgaande impliceert dat chemisch te onderscheiden vormen van 
cellulose-xanthogenaat geacht worden te kunnen optreden in de spinnende 
draad op ruimtelijk te onderscheiden plaatsen. 

Al dan niet gekoppeld aan de chemische omzettingen zal ook het fysische 
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gedrag van de spinnende draad beïnvloed worden door de milieu-veranderin­
gen. De HOOFDSTUKKEN V en VI zijn hieraan gewijd. Hierin worden de 
resultaten vermeld van een onderzoek, ui tgevoerd op een monofilspinmachine, 
waarbij het gedrag van de spinnende draad t.O.V. verstrekking nagegaan werd, 
in afhankelijkheid van de afstand tot de dop, door het meten van strek­
spanning en strek-dubbele breking. 

Bij de interpretatie van deze metingen aan de spinnende draad werd in het 
bijzonder de gedachtengang ontwikkeld dat de milieu-veranderingen, teweeg­
gebracht door de diffusie, een aantal chemische en fysische processen inleiden, 
waardoor het gedrag en de toestand van de spinnende draad mede beïnvloed 
worden. 

Aannemende dat verschillende "toestanden" van de cellulose-xanthogenaat 
in de spinnende draad (sol-toestand, gel-toestand en mogelijkerwijze zelfs ver­
schillende gel-toestanden) kunnen optreden en verschillend zullen kunnen 
reageren op de aangelegde verstrekking, kon uit de experimentele waarne­
mingen dan afgeleid worden waar de sol ~ gel overgang en waar de xan­
thogenaat ~ xanthogeenzuur overgang in de spinnende draad optreedt. Deze 
laatste vindt als regel plaats in een reeds gecoaguleerde gel-toestand: 

xanthogenaat-sol ~ xanthogenaat-gel ~ xanthogeenzuur-gel 

Beide overgangen bleken te voldoen aan een aantal criteria van het cilindrische 
diffusie-proces. 

Speciaal uit de waarnemingen verkregen bij onderzoek van spinomstandig­
heden waarbij met zink-houdende baden gewerkt werd (HOOFDSTUK VI), 
werd verder afgeleid dat de eigenschappen van het xanthogeenzuur-gel mede 
bepaald worden door de reactie-weg waarlangs dit gel verkregen is. 

In een algemene discussie (HOOFDSTUK VII) wordt deze conclusie gegenera­
liseerd door te stellen dat behalve diffusie-processen en chemische reacties ook 
structuur-ordenende processen met het karakter van kristallisatie- en rekristal­
lisatie-processen mede van invloed zijn op het verloop van het spinproces en 
op de eigenschappen van het eindprodukt. 

Voor een aantal technologische spinprocessen wordt ten slotte getracht de 
reactieweg te formuleren. 
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APPENDIX I 

Some historical developments 

The large number of parameters governing the rayon spinning process offer the 
opportunity of exploration and development of the spinning conditions in 
many different directions. 

In our opinion the inherent variety represents one of the natural values of 
the rayon spinning process. 

The following list of patent publications, which is of necessity aselection, 
marks some of the historical developments concerning the viscose spinning 
bath combinations and the properties of the product spun. 

C . F. CROSS, E.J BEVAN 
and C. BEADLE 

C. H. STEARN 

C. H. STEARN 

M. MÜLLER 

E. THIELE and 

C. A. ERNST 

S. S. NAP PER 

GLANZFÄDEN A . G. and 
E. SCHULKE 

L. A. VAN BERGEN and 
W. P. DREAPER 

L. LILIENFELD 

J.J. POLAK and 
.J. G. WEELDENBURG 

S. TACHIKAWA 

G. M. A. KAYSER 

The preparation of viscose 

The spinning of viscose through an 
orifice into a precipitating NH. Cl­
solution 

The manufacture of films from 
viscose 

The use of baths made up from 
H 2SO. and containing m etal sulfates 

Stretch spinning 

Brit. Pat. 8700 fA.D. 1892 

Brit. Pat. 1020fA.D. 189B 

Brit. Pat. 1022 fA.D. 1898 

Ger. Pat. 187947 (1907) 

Brit. Pat. 8083 fA.D. 1902 

U S. Pat. 808 148 (1905) 

Müller baths with small amounts of Brit. Pat. 406 fA.D. 1911 
ZnSO. 

Crimped yams and fibres Ger. Pat. 312 304 (1917) 
Ger. App!. S 55 138 (1920) 

MülJer baths with high ZnSO.- Neth. Pat. 16953 (1923) 
contents Brit. Pat. 239 254 (1924) 

Spinning baths containing at least Aut. Pat. 124684 (1925) 
50% H 2SO. 

Kation-active surfactants as spinning Neth. Pat. 39 956 (1935) 
a ids 

Cotton-like products from extreme Aut. Pat. 206 259 (1943) 
unripe, diluted viscoses spun in dil-
uted H 2SO.-solutions of low salt 
content 

Spinning in the presence of formal- Neth. Pat. 60 647 (1945) 
dehyde 
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N. L. Cox 

N. L. Cox 

R. MAG LAU RIN and 
W. O. ISRAEL 

D. VERMAAS 
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The spinning of viscoses to which U.S. Pat. 2581835 ( 1946) 
extra amounts of Na 2CS3 are added 

The spinning of viscoses containing U .S. Pat. 2 536 014 (1946) 
quaternary NIV compounds 

The spinning of viscoses containing U.S. Pat. 2 593 466 (1948) 
ethoxy1ated amines 

The spinning of solutions of cellulose Neth. Pat. 76 456 (1951 ) 
xanthate containing sodium zincate 



APPENDIX Il 

The formation of zinc cellulose xanthate in the spinning filament 

In an attempt to verify the conclusion regarding the appearence of zinc xan­
thate in the spinning filament, an investigation was carried out in the AK U­
laboratory by DR. A. M. VAN DER VEN, in which the filament was analyzed 
as to the presence and content of zinco 

For this purpose the spinning filament, af ter leaving the spinning bath, is 
sampled with the aid of two rollers ; the first, on which the filament is given 
one wrap, is turning in an appropriate quenching bath; the second is used for 
collecting the yarn. 

Quenching is carried out by means of distilled water. Af ter the yarn has 
been collected, it is washed in water till a constant value for the zinc content 
is obtained. 

It is assumed that in this way only the immobilized zinc is determined and 
that adhering spinning bath or soluble, mobile, zinc-containing rcaction 
products are effectively removed. Af ter boiling the sample for I hour in 2 
2 N H 2S0 4, the zinc is determined 
complexometrically. 

Some of the results obtained with a 
viscose-spinning bath combination in 
the low acid L-region (where e.g. the 
(SV)lim-H2S04 graphs reveal a clear 
effect of zinc) are shown in Figs. App . 
Il-I, 2, 3. 

Fig. App . Il-I records the zinc data 
found on varying the distance from the 
nozzle, where the yarn is quenched. 
Since at a distance = 0, i.e. at the nozzle, 
no zinc can be present in the filament, 
the graphs suggest a maximum at a 

FIG. App. II-I Zinc content of the undecom­
posed filament as a function of the bath length. 
R esults obtained on varying the viscose deliv­
ery. 
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nozzle : 100 lL 
drawing off speed: 5 m/ min 
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rather small distance from the nozzle. Theoretically, such a course is expected 
if the zinc content is governed by a diffusion process + subsequent immobili­
zation by cellulose xanthate in the spinning filament (see CHAPTER IV). 
Sampling could n9t be carried out, however, at smaller distances, owing to 
disintegration of the filament. 

On varying the viscose delivery (Fig. App. II-2), and sampling at distances 

E ~40~------.--------r--s-.m-p~le-t~.k-en--.-t~55~c-m-~-'~ 

H ë from nozzlc 0-a. 
" ~ 
I ~ 
o • - ';; ,; .= 
'5 E 

~~ 30 
Ë Q. 

viscose : 7.3/5.5/36.5 XR = 0.44 
Dope 0.11% 083 

spinning bath :x/13.0 Z = 4.5 T = 45 oe 
nozzle : 100 II 
drawlng olf reed: 5 m/min 

sample taken at 25 cm 
(rom nozzle 

0.085 mi/min 
° 

. . 

0.038 mi /min 

10 15 
____ drawlng aft" speed 

(in m/min) 

10+---- viscose : 7.3/5.5/36.5 XR = 0.44 

o .0.017 0.038 0.085 
viscose delivery 

(In mi/min) 

FIG. App. II-2 Zinc content of the undecom­
posed filament as a function of the viscose de­
livery. 
R esults obtained on varying the H 2SO. contant 
of the spinning bath. 

Dope 0.11%083 
splnnlng bath : 4.5/13.0 Z = 4.5 T = 45 oe 
nozzle : 100 ~ 
viscose delJvery: 0.038 mI /min resp. 

0.085 mi/min 
bath length : 25 cm 

FIG. App. II-3 Zinc content of the un­
decomposed filament as a function of the 
drawing off speed. 

proportional to the delivery the zinc content increases linearly in dependence 
on the viscose delivery. 

On varying the drawing-off speed (Fig. App. II-3) at a certain viscose 
delivery, the zinc content of samples taken at a certain distance from the 
nozzle appears to be independent of the drawing-off speed. 

So, the results obtained are in harmony with the diffusion spmmng 
relations. 

As quenching bath also a solution of 5 N NaCl, saturated with NaHC03, 

has been used. However, the zinc contents determined in this way are much 
lower; presumably the zinc cellulose xanthate acts as an ion-exhanger. 
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Washing the regular sample with a buffer solution of pH 3-4 (0.1 N N a­
acetate + acetic acid) instead of with distilled water hardly affected the zinc 
data obtained in this sp inning region: so, Zn(OH)z was probably not present 
in the regular sample. 

When in the low acid L-region a viscose spinning bath combination with dope 
and such a combination without dope were compared, no effect of the dope 
was found in the zinc contents. Apparently, neither the diffusion of zinc nor 
its immobilization by cellulose xanthate is affected by the presence of a dope. 

In a further attempt to characterize the penetration dep th of the zinc ions, 
cross-sections of the washed yam sample were stained for 10- 15 seconds with 
a 1 % solution of pyrocatecholviolet and afterwards treated with a 0.1 mol 
phosphate buffer solution of pH 9. When this procedure was carried out with 
yams spun under the conditions of the low acid L-region (immersion lengths 
25 cm, 40 cm and 60 cm), the following microscopic observations we re made : 

Without staining, the cross-sections show a differentiation between a pale 
yellow outer layer and a clearly visible, slightly darker core. The staining with 
the indicator results in orange-coloured cross-sections. On applying the buffer 
solution, the co re of the filaments becomes intensely blue, in contrast with the 
yellow-orange colour which the indicator has at this pH and which is found in 
a surrounding outer layer. As checked by experiments in vitro the blue color 
indicates the presence of zinc ions, under these pH-conditions. 

Except for the imperfections of the sampling procedure, these results can 
be considered to prove the presence of zinc up to the centre of the filament. 

Increasing the immersion length results in a smaller zinc-containing core. 
In the low acid L-region again no difference was found, in re gard to the 

presence of zinc irrespective of the presence or absence of a dope during 
spmmng. 

In the acid-poor P-region no zinc could be detected in this way; in the 
medium-acid M-region (experiments we re carried out with ,,-,9% acid) zinc 
was only found in the core, when sampling was done af ter short immersion 
lengths (1.5 cm). 
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APPENDIX III 

The solubility of cellulose xanthate 

For determining the solubility of cellulose xanthate, model filaments were 
spun in a coagulating bath of 2 mol (NH4)zS04, washed in this bath for 
5- 10 min. and blotted between filter paper. 

Samples 10 cm long were put into test tubes containing ca. 15 cm3 of the 
medium to be studied; occasionally the test tubes were gently shaken. 

r ::+--I-I--4----I----+--------+~~>f'----+________1 
10+-~-r--~~+---~--~~----~~-r.r-~~~~----------+---------~ 

0.5 1.0 1.5 2.0 

region of Insolubillty 

2.5 3.0 
N of N.,SO, In 
dlssolvlng medium 

FIG. App. 111-1 The solubility of cellulose xanthate in dependence on pH and Na 2SO, 
content of the dissolving medium. 
R esults obtained on varying tlte XR. 

Solubility is observed visually af ter about 15 min; dissolving is defined as 
the vanishing of the filament. In this way the solubility of a small amount of 
cellulose xanthate in a large amount of solvent is determined. The maximum 
obtainable concentration of solute is not taken into consideration. 
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The media we re composed of buffer solutions, viz.: 

for pH 3 - 6: 0.1 N acetic acid + 0.1 N N a-acetate 

for pH 6 - 9: 0.1 N primo + 0.1 N sec. N a-phosphate 

for pH 9 - 13: 0.1 N sec. Na-phosphate + 0.1 N NaOH, 

to which electrolytes had been added. 
Af ter the addition ofthe salts the pH-values ofthe media were measured with 

a glass-electrode pH-meter. The pH ofthe media was varied by values 0f1/2. 
Fig. App. III-l records graphically some of the experimental results: the 

pH at insolubility is given against the normality of Na2S04 of the medium at 
different xanthate ratios of the cellulose xanthate (half a pH-value higher, 
solubility is observed). 

The upper region represents dissolving conditions. 
Solubility was found to be dependent on: 

1. the XR of the cellulose xanthate 
2. the pH of the medium 
3. the type and amount of salts in the medium. 

The solubility in the various sulfate solutions investigated increases in the order 
NH4+< K +<Na+, Mg++, compared on a normality basis. 

Solubility is resticted to pH-values > '"'"' 3, i.e. the xanthate-ion state. 
At high pH-values (> '"'"' 13) the measurements indicate the relative unim­

portance of the XR and salts. It is suggested (cf. TArT c.s. [1] ) that this might 
be caused by an interaction between the hydroxyl ions and the hydroxyl groups 
of the cellulose chain . 
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STELLINGEN 

l. 
Het is mogelijk een aantal belangrijke aspecten van het viscose-spin proces te 
beschrijven op basis van diffusie-processen, chemische reacties en structuur­
ordenende processen. 

Dit proefschrift. 

2. 
Bij beschouwingen over de wisselwerking tussen viscose en spinbad moet er 
mede rekening gehouden worden dat zink-cellulose-xanthogenaat het karakter 
van een complex heeft. 

Dit proefschrift. 

3. 
Het lijkt in principe mogelijk de kinetiek van door diffusie geïnitieerde reacties 
nader te bestuderen d.m.v. een spinproces met variërende aftreksnelheid. 

Dit proefschrift. 

4. 
Uit een oogpunt van moleculaire structuur is een spectroscopisch onderzoek 
in het zichtbare en nabije U.V.-gedeelte van het spectrum van het di-anisyl­
stikstofoxyde radicaal en verwante verbindingen interessant, daar het mogelijk 
lijkt dat in deze groep verbindingen neutrale moleculen, radicalen, positieve 
en negatieve ionen met nagenoeg hetzelfde kern-skelet kunnen optreden. 

5. 
De geometrische structuur van aromatische ethers, bij welke een COC-hoek 
van ca. 1200 gevonden wordt, werpt de vraag op of aan de ether-zuurstof een 
sp2-hybridisatie moet worden toegeschreven. 

6. 
De bewering van BUNN, dat molaire cohesie-energie-waarden van betekenis 
zijn bij de classificatie van smeltpunten van polymeren, is fundamenteel onjuist. 

C. w. BUNN, J. Pol. Sc. 16 - 323 (1955). 

7. 
Door in methyleenchloride opgeloste polycarbonaten, op basis van bisphenol 
A, met loog te behandelen kan het moleculair gewicht stijgen. Dit behoeft 
niet noodzakelijk verklaard te worden, als door SCHINK gedaan, met de vor­
ming van intermediaire verbindingen met een eind-standige -O-COOH groep. 

F. SCHINK, J.f. prakt. chem. 17 - 107 (1962 ) . 

8. 
Bij de grensvlak polycondensatie van bifunctionele zuurchlorides en diamines 
kan de viscositeit van het gevormde polymeer hoger zijn dan overeenkomt 



met de toegevoegde hoeveelheid monofunctioneel zuurchloride. Het is on­
waarschijnlijk dat dit toegeschreven moet worden, als gedaan door ONYON en 
WHITE, aan de vorming van vertakte ketens. 

P. F. ONYON en E. B. WHITE, Makrom. Chem. 54 - 143 (1962) . 

9. 
De door HOSTE en GILLIS vermelde waarde voor de moleculaire extinctie­
coëfficiënt van het uit Se02 en 3,3' -diamino-benzidine gevormde piazoselenol 
volgt niet uit de in hun publikatie vermelde gegevens. 

J. HOSTE en]. GILLIS, Anal. Chim, Acta 12 - 158 (1955) . 

10. 
De door LYSELIUS en SAMUELSON ontwikkelde methode van onderzoek en be­
schouwingswijze en de door hen hieruit getrokken conclusies betreffende de 
verdeling van xanthogenaat-groepen over de 6 dan wel 2,3 posities van cellu­
lose in viscose zijn niet zonder meer in overeenstemming met elkaar. 

A. LYSELIUS en o. SAMUELSON, Sv. Papperstidning 64 - 815 (1961 ). 

Ilo 
Voor de uitvoering van een deelproces met een kinetisch karakter, waarvan 
het produkt geen evenwichtstoestand bereikt, verdient het gebruik van parallel 
opgestelde produktie-eenheden de voorkeur (uit een oogpunt van totale 
proces-beheersing) boven het gebruik van één enkele grote produktie-eenheid. 

12. 
Analoog aan de diffusie- en spin-relaties, welke in dit proefschrift beschreven 
zijn, kunnen betrekkingen opgesteld worden voor de warmtegeleiding in 
cilindrische, niet-turbulente systemen. 
Enkele conclusies hiervan zijn: 

a. Voor smelt-spinprocessen, waarbij in afhankelijkheid van de temperatuur 
overgangen in de spinnende draad plaats vinden (b.v. vloeibaar --+ vast), 
geldt dat de afstand van de spinplaat, waar deze overgangen gevonden 
worden, lineair afhankelijk is van de dosering per spinplaat-gat en onaf­
hankelijk van de aftreksnelheid. 

b. Voor een geïdealiseerde (d.w.z. met een uniforme binnenwand-tempera­
tuur) uit uniforme pijpen opgebouwde warmte-wisselaar voor niet-turbu­
lent stromende massa's geldt, dat de lengte van alle pijpen tezamen een, 
slechts van de proces-omstandigheden afhankelijk, constante is. Deze con­
stante is onafhankelijk van de gekozen pijp-diameter en lineair afhankelijk 
van de dosering aan de warmtewisselaar. 

13. 
Voor de verdere ontwikkeling van de Nederlandse Industrie is de mondigheid 
van de gehele groep van werknemers van essentieel belang. 


