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Abstract

The purpose of this thesis was to s tudy the dye
adsorption characteristicslof cellulose by means of
the Streaming Current Detector. The influence of
electrolytes on dye adsorption, and the electrokinetic
phenomena of two-sided dyeing were areas of particular
concentration,

Contrary to general belief, it was found the
addition of sodium chloride was not necessarily bene-
ficial to dye adsorption and in some cases it could
actually be detrimental. The Streaming Current Detector
was found to be a useful tool for predicting this effect.

The higher charge of fines was found to be an
important factor in the increased dye adsorption by
fines. Limited control of two sided dyeing could re-
sult from further studies relating fiber furnishes and

dye materials by means of the Streaming Current Detector.
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Historieal Background

Dyes as electrolytes end the cellulose surface

potential The importance of the electrical surface
potential of cellulose in interpreting dyeing behavior
relates back to the eerly electrokinetic studies.
Perrin, appears to have been the first to observe that
cellulose in water acquires a negative charge.1
Harrison carried out more quantitative measurements,
determining the atreaming potential developed when
certain solutions were passed through a cotton plug
held between perforated olectrodes.2 The electrokinetie
potential of the cellulose fiber surface calculated
fram these measurements was -20 millivolts in water.
Pelet, Jolivet, and Wild concluded in 1909 that
dyes behaved as oleotrolytos.3 Later that same year
Knecht and Batey showed undoubtedly that solutions of
benzopurpurine, chrysophenine, soluble blue, erika, and
naphtol yellow are elootrolytes.h
Harrison and Gee provided the first notable article
in the area when their paper on "The Electrical Theory
of Dyeing" appeared in 1910.5 The speed of various
dyes, in the form of small particles when immersed in a
liquid under electriocal stress, were measured. Water
suspensions were used in most casez and the speeds were
expressed in centimeters per secomd per volt per centi-

meter. They also discussed to some extent the influence



of temperature on the potential difference between
water and cellulose., Their work showed solutions of

the direot dye Diamine Blue produced incfoaaing negative
potential with inoreasing concentration, as might be
expected.

Lattermoser and Gansel studied the effect of anionic
and cationic dyes on the surface potential of cellulose
but arrived at no clear conclusion.6 The effect of
salt solutions on the potential of cellulose was care-
fully studied by Briggs.7’8 All salt solutions were
found to re&uce the negative potential of the surface
at high concentrations. Tri-basic cations being the
most effective followed by dibasic cations then mono-
basic cations.

Neale and Peters found that the potential of oxidized
cellulose fiber is less negative than that of normal

eellulose.9

They also found that basic dyes decrease
the negative zeta potential and may even give the fiber
a positive charge. They found some anionic direct dyes
such as Benzopurpurine 4B increases the negative charge
as would be expected. Other anionic dyes, including
Chlorazol Sky Blue PP, produce a reduction in zeta
potential. They found cationic dyes such as Victoria

Blue B rapidly deoreased the zeta potential of cellulose.
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The Effect of Sodium Chloride and Sodium Sulfate on Dye

Adsorption Neale and Stringfellow found the adsorption

of direct dyestuff from pure aqueous solution is negligible,
but it increases rapidly with the addition of salts.lo
Garvie, Griffiths, and Xeale found that the amount of

dye adsorbed at equilibrium is very roughly halved for
thirty degree centrigrade rise and the rate of adsorption
is roughly doubled for twenty degree centigrade tempera-

ture rise.l1

Hanson and Neale found the amount of dye
adsorbed increases with the concentration of dye but a
proportionate increase in the concentration of salt
proved more effective in increasing adsorption of the
dye.l2

Griffiths and Neale pointed out the chief factors
governing the adsorption of dyes.13 For a given dye-
stuff the chief factors are: '

l. The concentration of the dye

2. The amount of added electrolyte

3. The temperature of dyeing

L. The time of dyeing

Neale has pointed out the majority of the known
dyes which have specific affinity for pure cellulose
are of the anionic type, their molecules having been
made soluble in water by di-, tri-, or tetra- sulphona-

t:ion.:“‘L Their adsorption increases the natural negative

electrical potential of the fiber and is therefore
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opposed by electrostatic forces. Neale believes this
adsorption to be facilitated by the addition of any
electrolyte to the solution because the ions of this
electrolyte serve to reduce the thickness of the ionic
atmoaphere and so decrease the negative potential of the

fiver. '

The adsorption of such anionic "direct" dyes
by cellulose is therefore increased in amount when a
neutral electrolyte is added to the bath. Neale found
on the other hand that any cationic dye with specific
affinity for cellulose would be assisted by the electro-
static forces and adsorption would decrease on the
addition of salt. This effect was shovn to be trae of
the following cationic dyes: Janus Red (C.I. °25), and
Victoria Blue B (C.I. 729).

The effect of electrolytes other than sodi'um chloride
on dyeing has been studied to some extent, althouixh for
economic reasons there is little likelihood of socium
chloride or sodium sulfate being displaced from p-actical

usage. The alum presert in paper systems is an exception

to this and a very important one.
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The Effect of Valence and Various Cations on Dye

Adsorption Willis, Warwicker, Standing, and Urquhart

studied the adsorption of Chrysophenine in presence of
sodium chloride, sodium bromide, potassium chloride,

potassium bromide, and sodium sulfate.16

The inter-
change of chloride and bromide ions produced no detectable
difference in adsorption while the replacement of sodium
chloride by the equivalent quantity of sodium sulfate
produced only a very small reduction in adsorption.

The nature of the cation and particularly its valence
may be expected to have a greater effect than the anion
and its valence. The subject was first studied by
Wictoroff, who measured the amount of dye adsorbed by
cellulose in an arbitrarily fixed time from solutions
containing various electrolytes. Using the sulfates
he found the order of cations producing increasing
adsorption of Benzo Pure Blue was:17

lmh( ¥e (x <Mg (m @n <Zn (Cd (u

Neale and Patel examined the effect of several
cations on the rate and equilibrium adsorption of
Benzopurpurine ;B and Chlorazol Sky Blue FF.lB They
found the order of effectiveness to vary somewhat with
concentration. But in one tenth normal solutions of

salt and Chlorazol Sky Blue FF the order was:

Ra BP0, {KE, PO, (n.c1 (mucl (ec1, (ZnSOu (Ca012 BaCl,



-b -

Adsorption, Pree t d Common ectice
Dyeing 1In the study of dyelng cellulose there are many
different chemical and physiocal phonomena-which must
be considered. The monograph of Venkatarman and the
book by Vickerstaff critically analyzes the work of
many investigators who have attempted to explain the

dyeing procosa.19'20

The actual process of dyeing with
direot dyes is prodabiy a combination of adsorption

and precipitation (salting out). Precipitation in
itself will not guarantee that the dyestuff will remain
on the cellulose once it is removed from the dyebath,
unless there exists an affinity between the dye and

the adsorption medium,

In the case of direct dyes, there seems little
doubt that the attraction of the ago (- W=N =) agnd
emino ( MH, ) groups for the hydroxyl ( gg ) or carboxyl
( COOH ) groups on the cellulose is the main affinity
factor.

In samples where the cellulose is not essentially
pure such as the pulps used in most paper mills the
contaminates may have a much greater effect than the
Bydroxyl or carboxyl groups. These contaminates may
be present in the form of sulfonic groups left from
the pulping reactions or the initial 1lignin.

In order for the attractive forces to have their

effect, the repulaive effects of the ionized sulphonate
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(~805-) groups of the dye must be overcome. The chief

means by which a dye 1s made soluble is by its degree

of sulphonation, 80, although electrostatically the

sulphonate groups may be a hinderance they are a necessity.
It has been reported that the addition of five to

ten percent common salt to the beater will give greater

retention of direet dyestuffs and heating the dyed stock

in the beater up to 120° P will improve the retention

of direct dyee.21

Rot omly would heating cause hydrolysis
of cellulose im most systems it would seem to be quite
uneconomical,

While most direct dyes may respond favorably in
the above manner there are still many which do not and
these generaligzations which are found in paper books on
the subject may lead to practices in which dye edsorption
is actually hampered.

The effect of temperature on the adsorption of
direct dyes by cellulose has been studied by a number
of workers. There are two factors which influence ad-
sorption with a rise in temperature. PFirst, the fate
of diffusion into the cellulose fiber will rise and second,
the actual amount of dye adsorbed at equilibrium will
decrease.

These factors play against each other when the
dyeing conditions are not taken to equilibrium (which

is seldom done in paper mills).



Different dyestuffs are adsorbed at different rates
even under identical conditions of concentration and
temperature, and with the same type of cellulose.
Experience has indicated in technical practice that
different dyestuffs are affected in opposite directions
by temperature change, some showing increased adsorption
with rising temperature and others decreased adsorption
with rising temperature. The reason for the difference
between the two types of dyes is that some dyes which
are slow to adsorb are not carried to equilibrium thus,
an increase of temperature increases the rate of adsorp-
tion thus causing a greater amount to be adsorbed after
a relatively short time of dyeing. The dyes which will
adsorb quickly are taken to equilibrium much faster and
there is noticed a decrease in the amount of dye adsorbed.

The effect of the addition of up to ten percent
common salt to the dye, cellulose system has been studied
by various authors. Nearly all of their experiments
show that anionic direct dyes have increased adsorption
of dye with increasing salt concentration when the dyeing

conditions are taken to ecuilibrium.
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Dye Adsorption by Fineg 1p Paper Systems Hinten and

Quinn when studying the fiber surface characterigtics

as they affect two-sided dyeing of paper concluded that
the larger zeta potential of fines was responsidble for
the greater uptake of dye by the rinoa.22 The zeta
potentials recorded were: finse -28 millivolts and
longs -7.5 millivolts for cellulose fibers. Thus,
dyestuffs will be adsorbed more strongly by the rines
than by the longs. It was found by Hinton and Quinn
that both the naturally occuring short fibers and the
short fibers produced by mechanical action in the beater
or refiner will dye to a higher visual strength than
will the long fibers. It was also demonstrated by the
pair that the use of titanium dioxide (which has a high
negative zeta potential) will minimize color two sided-
ness. This may be partially explained by the fact that
the titanium dioxide and the amnionic dye will repel each

other.
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The Streaming Current Detector The recent develop-

ment of a new instrument known as the Streaming Current
Detector (SCD) makes available a new technique to study

23 The instru-

adsorption of various additives on pulp.
ment has been found to be useful to determine the charge
characteristics of pulps and pﬁlp systems. The main
part of the unit is a boot and piston constructed of a
material with electrical insulation properties, such

as polyethylene, epoxy, or glass. The boot consists

of a sample reservoir and a deadended bore, in which

the piston reciprocates to force fluid back and forth

in the annular space between the bore and piston.

Silver electrodes are located at the top and bottom

of the bore. The piston is driven by a synchronous
motor, which also drives a synchonous rectifier switch.
A flow of ions in the fluid forced through the annular
space past the electrode constitutes a current that is
amplified and read directly on a microammeter calibrated
in arbitrary units.

Operation of the instrument is based on the stream-
ing phenomena. One of the discoveries ithich made the
instrument possible was that the walls of a capillary
quickly take on the charge characteristics of colloidal
particles or of other charge influencing species present

in the fluid. The capillary in the case of the Streaming

Current Detector being the annular passage between boot
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and piston. The streaming ocurremt results from the
physical separation of counterions from charged surfaces,
and this oecurs only in the case of charges immobiliszed
on the surface of the boot amd piston.

The published articles on the use of the Streaming
Current Detesctor point toltho fact it can be very useful
in the study of cationic materials and their effect on
pulp suspenaions.zh As to date there has been no ettempt
to correlate SCD readings and their relationship to

dye adsorption charsocoteriatics.
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Experimental Design

Two direct dyes Chlorazol Sky Blue FF and Benzo-
purpurine ;B were chosen to study the relétionship
between direct dye adsorption and Streaming Current
Detector readings. The two dyes have structures as
follows:

Benzopurpurine LB

3 3
NH, NH,
(I?” (;()
0 ,Na
3 OBNa

Chlorazol Sky Blue FF

CH o S0 Na

S0 Nu

Since the dyes purchased by paper mills rarely,
if ever, are pupe it was decided in practical interest
to study the dyestuffs as they would be purchased.
Most all direct dyes contain a small amount of either
sodium sulfate or sodium chloride. These impurities
can no doubt p-~oduce significant variations in dyeing
properties, however, a study of pure dyes would not

lend itself as readily to application in the dyeing of
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pulp samples. It has been reported in the complete
absence of electrolytes direcs dyes have a very low
affinity for ¢ellulose. Thus the impurities (in the
form of sodium salts) could help to increase the ad-
sorption of the dyes.

The impurities are present in these dye samples
because of two basiec reasons. Ore, dyes are initially
salted out of solution by addition of sodium chloride
or sodium sulfate in commercial production and the
preparation of pure dyes i3 a matter of oconsiderable
difficulty where often the salts cannot be further
separated by ordinary production facilities. Two,
diluents, such as the salts mentioned are cften used
to bring the dye to a standard tinctorial strength for
convenience in use.

One consideration when choosing the dyes to work
with was their chemical structure. It should be noted
that Benzopurpurine 4B and Chlorazol Sky Blue ¥F have
similar - structures although different substituted groups.
Chlorazol Sky Blue FF has two more substituted sulphonic
acid groups per molecule and the presence of two phenolic
groups. It should be noted for Chlorazol Sky Blue FF
that there are methoxy groups in the positions where
methyl groups are present in the Benzopurpurine iB mole-
cule. While there is considerable difference in the
substituted structure these differences can be related

25

to earlier work done by Boss.
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The original intent of this thesis was to study
dye adsorption on a first out cotton linters sample.

Due to errors in identification Hercules 4rade PIFS=31
cotton linters was used in the research carried out

on the first part of this thesis. Hercules Grade PIHS-31
of cotton linters is hydroxy ethylated with a medium
range of substitution. Although this may have introdueced
another variable the oonclusions derived from this

thesis should not differ if a sample of first cut cotton
linters were to be used in the same experiments,

Cotton linters were chosen for one basic reason,
that 1s, their high negative zeta potential when dispersed
in water, This is important because the 3treaming
Current Detector 18 not as sensitive to most pulp samples
as it is to cotton linters. The Hercules sample PIHS-31
basically reduced this advantage since substitution of
hydroxy groups by ethyoxy giroups reduced elactrophoretic

mobility,2®

The sample used also had the -haracteristic
of beins e©asily dispersed by a vibrational instrument
known as Chem-Pac. This eliminated contaminatior. which
may have resulted due to some other type of mechanical
dispersing of the cotton linters,

The Streaming Current Detector which was used was
produced by ''ater Associates Incorporated and is their

Model 65. The boot end piston material was polyethylene

and the electrodes were silver. Prior to any testing
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the instrument was calibrated and standardized and the
procedure will be presented later in this paper.

The eoffect of dye concentration on SCﬁ was studied
for Chlorazol Sky Blue FPF and also Benzopurpurine [P,
The effect of sodium chloride concentration versus SCD
was also studied. |

The effect of the concentration of cotton linters
on SCD was studied with concentrations varying frorm one
tenth to five tenths percent. Since headbox consistencies
are closer to five tenths percent it was chosen as the
consistency on which the experiments would be run., The
effect of the concentration of Chlorazol Sky RBlue FI" and
the concentration of Benzopurpurine ;B on the 3C) of the
solution and the absorbance of the dyed handsheets made
from the five tenths percent cotton linters sample was
studied.

After preliminary work had been preformed the effects
of various salts and sodium chloride concentration on
SCD and dye adsorption were studied.

In studying two-sided dyeing as related to fiber
surface characteristics the 3CD of the solutions and
the absorbance of handhseets were measir < for a system

of dye and fines and a system of dye and longer fibers.
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Testing Procedures

Calidbration and Standerdization of the 5CD “hen
beginning the first thing which was done was to adjust
the Streaming Current Detector to give a constant value
of =50 for a sample of deioniged water. This was done
by adjusting the recorder signal adjust (gain system)
locatcd on the back of the ims trument. The sensitivity
selector switch located in the front of the electronic
indicator was set at X10. All reedings here and throuagh-
out the experimentation were taken after five minutes
had elapsed. The resistance of the deionized water
was initially two hundred and fifty thousand ohrs.

The effect of temperature of the d. ionize -~ at- -
or the 371 readin; was obtained by varying th= tempera-
ture in increments of five degrees centigrade from
fifteen to forty five degrees centigrade an< recording
the 3C"i. Since room temps rature was approximately twenty
five degrees centigrade it was decided to maintsin the
value for the SCD at -50 for this temperature on the

remainder of the experimental work.
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Experimental Procedures The two dyes were dispersed

in deionised water and then allowed to oome to equilibrium
and room temperature. The effect of concentration of dye
on SCD was later studied. The concentration of Chlorazol
Sky Blue FF was varied from .125 grams per liter through

8 grams per 1iter. The concemtration of Bengopurpurine

4B was varied fram .0l grams per liter through 1 granm

per liter.

A one molar sodium chloride solution in deionized
water was made and the effeot of concentration of the
salt on the SCD was reeorded. The sodium chloride con-
centration varied from .00l molar through orne molar,

In studying dye adsorption on cellulose the 3CD
readings were recorded for five tenths percent cotton
linters with varying degrees of dye céncentration. For
- Chlorazol Sky Blue FF concentrations between .05 grams
per liter and 2 grams per liter were used. For Benzo-
purpurine 4B concentretions varying between .01”5 grams
per liter and 1 gram per liter were used.

Three runs at each concentration were made. Each
was made up to fifty milliliters and after the five
minutes (allowed for adsorption on boot and piston)
small handsheets were made., These were made on a small
wire (sixty mesh) which had been fitted to a buchner
funnel. The samples were couched off the wire with
blotter paper and allowed to dry at room temperature.

The adsorption of dye on these handsheets was tested
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using the Hitachi Perkin Elmer 3pectrophotometer.

The absorbance of Chloragol Sky Blue FF was measured
at 8slx hundred millimicrons and the absorbance of Benszo-
purpurine 4B wﬁl messured at five hundred and forty
millimiorons. They were measured at these values after
ourves for the dyed ootton hamdsheets (dyed from a bath
with a concentration of one gram per liter) through the
range four hundred millimic.ouns through seven hundred
millimicrons had been obtained. Pive hundred and forty
millimiorons and six hundred millimicrons were chosen
as they were the peaks in the absorbance curves for the
two dyes respectively.

Two runs were made with various levels of sodium
ochloride added to solutions of 1) five tenths perocent
cotton linters and five hundredths grams per liter
Chloraszol Sky Blue FP; 2) solutions of five tenths per-
cent cotton linters and .0125 grams per liter of Bengzo-
purpurine 4B, From these runs handhseets were made and
analyzed to see the effect of sodium chloride on dye
adsorption.

With five tenths percent cotton linters and .0125
grames per liter of Bengopurpurine LB various .125 normal
salt solutions were tested to see their effect on SCD
reading and dye adsorption. The salts used were:

Na,, 50, CaCl,, and Al Cl,.

To study the effect of the fines and their oharge
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on the two sided dyeing effect the Streaming Current
Detector was used. One tenth percent salutions of fines
(prepared from screening softwood kraft puip through s
sixty mesh screen) and longs (the residual fibers left
on the sixty mesh screen) were made up and their SCD
values were recorded. A solution of fines and a solu-
tion of longs at one tenth percent was made up with a
dye concentration of .0125 grams per litter Benzopurpurine
4B and a sodium chloride concentration of one hundredth
normal. The 3CD values for these solutions and the
absorbance of handsheets made from these solutions as
measured by the Hitachl Perkin Flmer Spectrophotometer

were recorded.
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Results & Discus8ion

The effect of the addition of sodium chloride on
dye adsorption was one of the areas studied in this
thesis by means of the Streaming Current Detector and
the Hitachi Flmer Spectrophotometer. Before these
results are discussed the results .n the preliminary
work must be brought out.

Graph I shows the relationship which was found to
exist between the 8CD reading of deionized water and
temperature., With an increase of temperature there is
an increase in the negative SCD reading. “ithin the
temperature range which all of the tests were carried
out the change in SCD was minimal (50 + 1).

Graph 2 shows the relationship between SCD reading
and concentration of sodium chloride. It should be
noticed that at very low concentrations there is a
steep rise in SCD. This could partially explain why
many dyes have a much greater adsorption or a lesser
adsorption with only a very small addition of commron
salt.

Graph 3 shows the variation in SCD with varying
concentrations of Chlorazol Sky Blue PF. The cotton
linters gave a reading of -16 and on the addition of
dye the SCD initially decreased rapidly. Althouzh the
S8CD decreased it should be noted that it did not cross

the value of =50 at any point with increasing
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ooncentration. Graph 5 helps to explain this, since
with increasing dye conoeatration in deionized water
the 3CD reading is steadily increasing for Chlorazol
Sky Blue FF. .
Graph L4 is similar to Graph 3 only the effect of
the addition of Bensopurpurine 4B 1s studied. In Graph 4
the ourve readily drops below the -50 value and stays
below it once the l1ime is erossed. As Graph S helped
to explain Oraph 3, Graph 5 helps to explain Graph .
On the addition of Bemgopurpurine 4B to deionized water
a steadily decreasing ourve 18 obtained.
From these graphs one can now get an understanding
of Graphs 7 and 8 which are econoerned with the effect
of sodium chloride on dye adsorption. Graph 7 shows
the effect on SCD of inoreasing salt concentrations in
a system containing .05 grams per liter of Chloraszol
Sky Blue PF and five tenths perocent cotton linters;
it also shows the effect of salt on absorbance of dye
on the handsheets made at the various salt concentrations.
Likewise Graph 8 shows the effect on SCD of imcreasing
salt concentrations in a system oontaining .0125 grams
per liter of Beasgopurpurine 4B and five tenths percent
cotton linters; and also the effect of salt on absorbdance
of dye on the hamdsheets made at the various concentrations.
The curves of 3CD versus salt consentration in the two

systems are q:ite similar, however, when one looks at
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the absorbance of dyes in these tw.o systems he will
easily notice that there is decreasing absorbance with
rising salt concentration for the Chlorazol Sky Blue FF.
In Graph 8 the increase of salt concentration resulted
in the increased absorbance of the dyed sheet and thus
the increased adsorption of-Bonzopurpurine LB.

If the curves for Graph 7 and Graph 5 are compared,
with rising concentration of Chlorazol Sky Blue FF it
should be noted in Graph 5 there is an increasing SCD
curve; and in Graph 7 there is decreased absorbance with
increasing salt concentration.

If the curves for Graph 8 and Graph 6 are compared
one will notice an opposite tendency. With rising
concentration of Benzopurpurine 4B a decreasing SCD
value is obtained in Graph 6, and in Graph 8 there is
increased absorbance with increas.ng salt concentration.

¥hile the SCD reading of the dye dispersed in
deionized water could in the case of these two dyes be
used to predict whether the addition of common =salt
will help or hinder adsorption of the dye this observance
was not carried out over a wide range of direct dyes.

The testing of many direct dyes would be necessary
before any test could be immediately applied to know
whether dye adéorption would be hindered or helped by
the addition of sodium chloride. If one compares the

molecular structure of the two dyes studied and tries
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to explain the results by the different degrees and
different substitution groups he may easily suspect
that the basis for the use of SCD in analysis of this
type may be quite valid.

The purest form of ceillulose is found in cotton.
Pure cellulose is a carbohy&rate and may be hydrolyzed
almost quantitatively to glusose. The Haworth Structure
27

of cellulose is as follows:

The xray evidence of Meyer and liark, and Meyer

and Misch shows that in crystalline cellulose the long
chains are arranged parallel in with s unit cell structure

28 The orientation of the cellulose

repeated many times.
is important in consideration of dyeing.

Meyer suggested that if a dye possesses a long,
chain-like molecule it c2an 1ie close up to the cellulose
molecule and the residual vslency foreces will thus be
more effective in holding the two together than would
be the case 1f the dye was not linear, and deviations

from linearity would generally lead to a loss in the

effective holding power. Prom this consideration a
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dye molecule with many substituted groups (not a con-
sideration here of what types) would deviate more from
linearity end would not have the orfoctivé holding power
of & more linear dye.

This could be comrsidered to be the case electrosta-
tically as well with the addition of sodium chloride we
are decreasing the thickpesa of the ionic atmosphere
of the cellulose and thus, allowing the more linear
molecules to get ocloser. The non linear molecules
are not helped to the same degree. This is not the
most important factor when we consider the action of
sodium chloride on Chlorazol 8Sky Blue FF and Benzopur-~
purine 4B dye adsorption but it is ome factor which
helps to ex;laln the opposite action scdium chloride
causes. Since Chloragol Sky Blue FF has many sub-
stituted groups it would behave more like a noﬁ linear
molecule.

Another factor which must be taken into aceount
is the action of the uolubilizfng groups. The dyes
must be soluble in water, and this is achieved by the
introduction of sulphonic acid groups. An increase
in the number of solubiliging groups in a molecule
nust reduce its adsorption even in the absence of any
further effect. Such groups give the dye a more nega-
tive charge, and, since cellulose in water is itself

negatively charged, this leads to electricel repulsion
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between dye and fiber. Chloraszol Sky Blue *F is a
tetrasulphonic acid, end Bengopurpurine ;B is a disul-
phonic acid. This is one of the very important reasons
why Bengopurpurine 4B {3 muoch more active (substantive)
in the dyeing of cellulose than is Chlorazol Sky Blue FF,
Hydrogen bonding both intremolecular and inter-
molecular is responsible for the attraction which still
exists between the negative fiber and the negative dye
molecule. Hydrogen bonding may occur between cellulose
and aso groups present on the dye molecule (Pigure I).
Hydrogen bonding may ooecur between cellulose and ethereal
oxygen of a methoxy group o & dye molecule (Figure II),
Hydrogen bonding may oocur between a hydroxyl group on
a dye molecule and a hydaroxyl group on ceilulose (Pigure III).
Hydrogen bonding may oocur between celluloze and the amine

groups on the dye molecule (Figure IV).
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It would be reasonable to assume the more favorable
.gr ups such asj; arino, azo, phenol, an' methoxy when
present would help dye adosrption; and the presence of
su'phonic acid groups would hinder dye adsorption.

Since one group would tend to make the resdings nmore
positive with the SCD and the other would produce a

more negative SCN the instrument may be carable of deter-
mining the effect salts will heve on dye adsorption as
mentione? earlier.

Besides these considerations there is also the
effeet of precipitation (salting out). This is pro-
bably vhat is happenins with Chlorazol Sky ~lue I F and
once it precipitates there is 1little affinity between
the ce'lulose and the dye. This would be especially
true for Chlorazol 3ky Blue I since it is a tetra-
sulponated dye.

The saltinz out effect alnso appears to be the case
for the calcium and aluminuw chloride causing reduced
adsorption of dye in .1”5 normal solutions of the salts.
This data snrporting this may be found in Table 3.

in sttdying the fiber surface characteristic it
was found that fines had a greater charge than longs
(for the softwood kraft pulp studied). Fines gave a
SCD of -59 while the SCD value for the longs was -51.5.
“hen comparing the dye adsorption of Benzopurpurine B

it was foind that the fines adsorbed considerably more



- 28 -

dye and thils has been widely reported. One might expect
that by finding the SCD values of the fines and longs
he could determine whether the dye would be atrongly

or weakly two sided with the pulp being used. The

data for this part of the thesis may be found in Table L.
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Conec¢lusions

The process of dyeing with direct dyes is a com-
bination of adsorption and precipitation. Adsorption
of direct dyes may be helped or hindered by the addi-
tion of sodium ochloride and other salts such as alum.

On the addition of salts the dye may be precipitated
and if the dye is highly negatively charged there will
be little attraction between it and the negatively charged
cellulose fiber. If the molecular structure of the dye
contains many sulphonated acid groups it will be highly
negatively charged.

It is hard to determine whether sodium cshloride
will be beneficial or harmful to dye adsorption. Since
the Streaming Current "etector is sensitive to the charge
of the various substitution groups present on the dye
molecule the instrument may be able to predict the
bebhavior of the dye. By dissolving the dye in deionized
water and watching the direction of the curve it may be
possible to predict the effect of sodium chloride on
dyeing. If the SCD reading tended to go positive dye
adsorption may not be helped by the addition of salt.
However, if the SCD went negative one could almost be
assured the addition of sodium chloride would be bene-
ficial to dye adsorption.

Th§ alum pre=ent in pulp suspensions could be

expected to act in the same way as the salt only with
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much greater effect due to the tri basie aluminum cation.
It has been noticed for many dyes that in the absence

of rosin and alum very little dyeing tekes place. This .
is due primarily to the effest of the alum present.

The dyeing process 1s aided by groups on the dye
molecule which can hydrogen bond with the cellulose.
These include azo ( -N=N- ), emino ( - NH, ), methosy
( '0033 ), and hydroxyl (-OH ) groups of the dye.

These groups will produoce a rise in SCD.29
The sulphonate groupe hinder dye adsorption and will

produce a more negative dye and thus a more negative

3CD reading.

The practice of adding up to ten percent sodium
¢hloride to the beater and the practice of heating a
beater up fo 120° P to inorease dye adsorption should
be studied more oompletely for the present dyes being
used since it may be quite possible these procedures
are hindering dye adsorption and are uneconomical.

The extra ocost of heating up the beater and the additionsl
cost of sodium chloride may not be needed. It may even
cause the use of more dye to get to the tintorial strength
desired.

Since the Streaming Current Detector is sensitive
to the charge on various cellulose samples it may be
possible to predict dye adsorption potential of various

pulp samples by using the instrument.
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This was successfully doms® to some «xivent with
the study of the surface charge of fines as compared
with that of longs. The charge of the fines was noticed
to be greater and also produced a shecet with greater
absorbance at the wavelength being used.

It may be possible by use of the 3CD to better con-
trol dye two-sidedness in paper. This however would

require further investigation.
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Appendix

Table I

.5% Cotton Linters and
Varying Degrees
Chlorazol Sky Blue FF

Concentration Absorbance
in (grams/liter) of Handhseets
2 1.45
1 : 1.40
2 1.15
.1 .96

o)L .7
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Table X1

.5% Cotton Limters and
Varying Degrees
of Bemsopurpurine LB

Concentration Absorbance
in (grama/liter) of Handhseets
1 1.22
.5 1.35
.2 1.35
.1 1.40
.05 1.28
.025 1.1¢€

.0125 1.0%
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Table III
.54 Cotton Linters
.0125 Grams/Liter Benzopurpurine LB

.125 Normel Solutions of:

Absorbance of Handsheets

NaCl .86
NaESOh . 90
CaCl2 .8l

A1013 Tl
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Table IV

SCD
.1% Pines (S.W. Kraft) -59
.1% Longs (S.W. Kraft) -81.5

.1% Fnes, .0125 g/1 Benzopurpurine 4B,
.01N. NaCl

SCD =22.3 Absorbance 77

.1% longs, .0125 g/1 Benzopurpurine .B,
.01N. NaCl :

3CD -17.7 Absorbance 58



3 sos
33585 Sysggaasa:
PDT N SR FLSE

PODES SRee9

2ge saes:
0 so8S0 g0eTE ssnd
1 8208 DOS0S
ST
yesane T B8 bn0o8 BSBR:
T e
1 1T
+ +
s
T
T
T
THE
T as
T
1
T
jus o
lass spua:
1T T
3 bt
pegessas
T
T 1
. '
ruces T
t
T + T
) e
1 1
. ru ot T
7 b pess
T
T T
=a; 1
Tt s
y28008s
ou e ae
snass sl 1
T T
31
T
1147
1 1
T
o
e e ey
t
sapo: T
T e
T T
0u;
o una eas
ns 332083
1
1 sona unona s T
2 han )8 S04 T
T
8 o8
T T 1
1T 1
11t
T suann e
o +
T
3 +t
1T
11 T
7 +
sesdasnuas 3
T T
T
11 passses
+ T
e as Banes ¢
1 o8 Sasaainad oo ns paag aanblonasaunagesesBnageasonoos ks ns aaun: o a Sussanlos saous Bpted bosis as s
: : esauas asastanseeanscdpusse sonesupas: T easags saes: je8as seftasaBeetattnstets satasanteg 1n: THEH
: Sesssseppasatd: spbugpepasatpeessasusenst H e 138 sagad beankcosnenhoss senaseldds sononessad da:
TR R e e T T e T e e T pssasnssegagn ssuscascayn susrn TEUL T
1 1 S2RSEanabs namek sus: 585 Seaeaaasas §aassteas Ansanzases shana oe Senas ‘ REsSssgsaaan:
ve THT ve HaEE = 1 T 1 Jopud rasus 0d)
= be e bs bessgssunses 1
T3 jue
wasodsoeavsasier s sba ass uqacyass slany
ioge T s8e 8880 8¢
e pae S8US sogRssus: R aes Saage s
angpoaus ruszpenus synsannEns nauas
) ¥ 19898 4 o
pOoe Sueas sstvy el e be
28 80508 § 508 188¢ 3
)2 : 13T
: : SER88 SR B 00 8292820299 soegeasene ea: T
3 j388880 sdacssesen S8gas Sagus b
293 e
T T 135822t sesssanses sasas T -
T : t s>Rgasgocs ass aat
e : ¥ jsde stnun safesves oS! -l
sgans 180358 5as YEETS oY Ta: 81 BEREE IasEE ST IDSAT VN 83 nEERN 2! reuapn T T
e paveas 3278830800 P EAD A EESE SR 4 500 G250 28 W8GR DERENSBUDSE DO I ARG DL AL it 1 1
108 a8a53 28! 5 SHEE R e Spass ipasansacs ceses sS¢ss pE0dpEOEB DRNGE Lo ta saa: 3053 o 288428 Hr
e ; + P322259005000 S9RSESSSED FE080 25888 00088 S08RS 50808 9GRS 2EEEE Be00E SER0s S80E S80S §SS8e 8¢ ot
T e gasen saransas 18987 §PECESNSRE IAEATLGAGR HSPOS NINLS USSR GREES BISST B pas 13 e
1 380 S908E SREES S498p as8s 39e8s sadbs 8888 sogad R08e TE S80S =3
IS8 85505 88080 060ap sgoses 1688 S5208 08¢ 53 +HE 3
e ssciianetimm: : RS 22000 8! SassisEalisse: H
pt @ T 11T
as 54 s0BYE Ui } sbumdde bond 880 T 1 3888 8a
T T 11 }DCBBACRSNES BIVES BED A Hit @ Hes B B8RS I 1808 s6B D T
seaaue )sEsEEEEE EEEE! THIET TS 19096 sva T I T 1 3088 e G
X 168 aoBa 11 1Y 103 11t be Z & 0 o =




Hid:

.

.

T
ae T
1

sas T

+1 s

+ asaE aas

‘0 e

13

e

I

1

i

absss

S0eE SuY

I3

el

jeSse

S8ses

5 r

44

bpe

H

sy e

1

s

fig




I
Joastiyaze
S irioSe

!

FF

M

VS. VARIOUS Cowe. O F CHLORR20L.

SKY BiLue

CONS. OF OYE W Gnnmsl\.rrek -

e W‘q‘lw‘w.f.
I |

g e
i
i
]

10

S-S SO

Shshges prads

b

i




Cowe. OF

8 % CATTOW LiwTEeS | .

-

BENZ20PURPUVRWE & B

QF
N&. VRARIOWS

sco

10}

W GRAMS / LITER

+
|
T

cowc. OF OYE

.0

18 9

-0

:'.li :; tg

A

S RESES PEGRS Sl SN

e e
4 i
1r o3
% s 4
} 1
bl ol
]
{

)




aJ

=3

Sy

QF

CoNE.
CHLORAZOL $KX BLUE FF

VS.

SCD

GRAPH S

+

-+

R ih e ‘.;.ﬁtﬂ.t.:

+ - o 8 : £
x )
‘‘‘‘‘ M 2z s IMM\ Gtz .;_f SIS L5 SN et
. 4 . ] +
! i i i
e B =
RS oy (o i
! o W i i
g “ .
2 1 :
3 * ° . H
! { ,,whh,l.: SEE SELEE S SIS SLHIS 4 65
| » m L
NG e = e
by b o de BT E Pl 1
! ! m
| ] P _
2 ° _ qb. - 8
” , I " '
- aAt ot SECE P _ a8 L
; b :
: N R
|




i
|
|

m

e

co

ST

IEEERES I3

svfrie

i

ey

) SRR




e

T I : J feite :'? 'f.' l Z:‘,',Z ;:,2

“'if‘_dsnwi‘l"' ScO OF .5% Catron mm‘ms
: .05 GRAMS/) rER ‘oF CMLORAZ0L SKY BWE r—c-' i
VS . VARWDUS c.uwc o NaCy @0l

e pe 5 PP ' [ s 44 ea -
S R TR

|

FRIEMR /IS | - ,._,...A-.J‘_._-,_.,_qv...___ SO, e B R
 MOLARITY OF NaC\ ~




IHP
ba

a8
58 SESE 8¢

T

+

esaegs et

HHHE

e v 3
d LT

t

AT
it

i

anaapets:

REBRS aao:
MBS ot

o

£ 23888 badas san o

b




	The Use of the Streaming Current Detector for Determining Dye Adsorption Characteristics of Papermaking Fibers
	Recommended Citation

	tmp.1585319059.pdf.fVRwc

