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of paper is one of

the most important

Fully 95 per-

proces8es in the rnnii.facture of that materthi.
cent

of the paper that

is

produced is colored

lesser extent, and in many eases the
i_s

essential.

to

a

reproduction

greater or
o±

a shade

That pH is an important ±'actor in the dyeing

of paper has been realized, but

very little

determine the quantitative effect.

lias

been done to

This latter was the pur-

pose of this work, and in order that the nature of the
be more fully realized,

process

theories of dyeing were discussed.

xperimental results are as follows:
The adsorption of Methylene Blue from iater solutions
of

different concentrations

:ïas

studied

and.

found to follow

Freundlich's adsorption law.

Adsorption of Methylene Blue at different pH values,
where the pI

ras

controlled by means of McIlvine's buffers.

the
showed a rather steady increase with increased pH, with

exception that on
and.

lumina the adsorption rose to a maximum

thereafter decre2sed.

U

u

With the same dye, but iith the
o

il2(so4)3

-

pli

varied by means

NaOH solutions, adsorption followed, for

ll

cases, the same trend as for alumina above.

Adsorption of Victoria Green Increased continuously
-:.rith

increased

NaI

solutions.

pli

.ihen

the pH was regulated by Al2(SO4)3 -

In the higher

the fillers and cellulose

pli

did not

the adsorption on alumina alone.

showed

however,

a

values the adsorption on
differ materially from
.Albolith and china clay,

relatively gre't affinity for the dye at

lower pH values.
study of Alizarine Blue,
Al2(so4)3

-

iIaOH

solutions,

adsorption was between

:rith pli

controlled by

demonstrated that the maximum

a pff of

about 5.8 and 6.6.

Adsorption

was very great in this rnnge, but in no case much greater
than on alumina alone.

Adsorption of Orange R. O., with
above,

controlled as

pli

Droceeded. much as for Alizarine Blue,

adsorption falling between about

the maximum

H 4.9 and 5.4.

Adsorption

on albolith and china clay was much greater than on alumina
alone,

but for the other substances this was not true.

Ad-.

sorption of the dye wss not so great as for Aliarine Blue.
A colloidal viewpoint was adopted,

for

as Thr as possible,

the explanation of the process of dyeing in the cases

studi ed.
That alumina is very important in the dyeing of paper
was demonstrated.
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THE

I.

ION CONCTRÄTION UPON THE
'FECT OF YDROG
ADSORPTION OF DYS BY C'LLUIOSE AND FILLS

INTRODUCTION
processes in the manuíac-

of the most important

One

ture of paper is the coloring of the paper, and the repro-

duction of any desired color as

it

one realizes that fully 96% of all paper that is made

colored to

a

When

becomes necessary.

is

greater or lesser degree, the importance of

this process becomes more apparent.

The greatest part of

the paper manufactured is white, and although it may seem

that no color is needed. for that paper,

coloring is most important.

It

it

is here that

is only rarely that

the

color of the fiber is the same as the color that is desired,

and hence some dye must be added to bring the paper

to the proper degree of

'hiteness.

It is

here also that

reproduction of color is of prime importance, not only
from the standpoint of preparing

a

consistant product, but

in the reproduction of any desired color.

The reproduc-

tion of any white or lightly colored sheet is more difficult than the reproduction of some of the more highly

colored papers, for

a

slight deviation in shade is much

more apparent.
Paper is not comoosed. of pure cellulose fibers,
but is made from a variety of substances.

In this work

we are interested in only those components which will

2

adsorb dyes, and for that reason become a factor in the

coloring of the paper.

The most important

the cellulose fiber itself.

of these is

Almost all of the paper

produced is more or less loaded

or

filled

ith substances

known as fillers, whose purpose is to give the paper

weight and to improve the "feel".

These fillers will all

greater or lesser extent, depending upon

adsorb dyes to

a

their nature.

There is another substance present which

adsorbs dyes, and that is alumina.
such,
to the

It

is not added as

but is precipitated when aluminum sulfate is added

beater containing the basic sizing material.

From the foregoing discussion it is apparent that
any factor which is of importance in the adsorption of
dyes will be of importance in the production of paper.
lias

It

been noticed by many investigators that the hydrogen

ion concentration is a primary factor in determining the

amount of dye

tilat

will be adsorbed as well as the color

of the final product.

Not much has been done to quantita-

tively state the effect of pH on the adsorption of dyes
by paper or by any of its components with the exception of

cellulose.

Heuser (23) and Strom (34) have neglected this

foctor entirely.

Reinmuth (31) remarks that the marked

change in adsorption with

a

slight change in pH shows that

3

control of hydrogen ion concentration is

a

most

important

factor in the dyeing process.
Schaffer (33) points out the fact that
is important in the

dyeing

oÍ'

pli

control

paper, not only from the

standpoint of amount of the dye that is adsorbed, but also
to the

color of the finished product.

Basing his statement

upon observations made while paper was being colored,

points out that acid dyes are best adsorbed at

a pli

he

of 4.5,

while the basic dyes are best taken up at a pH of 7.3.
These two values mark the approximate upper and lower
limits of pH customarily obtained in paper dyeing.

Davidson (14) made some investigations into the
quantitative effect of hydrogen ion concentration, but his

work might be criticized because of the fact that he made
determinations of percent of adsorption at only three
toints,

one acid,

one basic, and the other neutral.

pointed out above that the range
from about pH 4.5

to

7.3,

of'

It was

pH in paper coloring is

and hence the data obtained by

Davidson would be insufficient.
II.

STÂTE.T

OF PROBL

This investigation was undertaken with the purpose
of determining the effect of varying the hydrogen ion con-

centration upon the adsorption of dyes by some of the
ponents of paper.

corn-

he components were studied individually

4

as far as possible in order that

'roblem be reduced..

'he

barium sulfate, alumina,
albolith.

the complexity of the

materials used. were:

cellulose,

titanox B,

china clay,

and.

The last two are commercial fillers, made by

the mixture of seversl substances.

It was

attempted as

far as possible to conduct the experiments under conditions

such as are obtained, or are obtainable,
As a result it

;tas

hoped. that

in mill practice.

information would be

gained which would make it not only possible to predict
the best pH for

the dyeing of paper,

choice of fillers,

desired results.

to select the proper one

to

Further it was hoped that as

achieve the
a

result it

possible to determine just which theory of dyeing

would. be

is most

but in the case of

applicable in the coloring of paper.

he

chief

objective in dyeing is of course to get as complete ad.sorption of the dye from the dye bath as possible,

.vithout

setting up conditions that would be harmful to the finished.
product.

Such conditions would. be extreme acid. or basic

baths, or conditions that would change the color

of'

the dye.

This latter factor was neglected in this work, no dye being
used. that

changed. color with

pli.

5

HEIS

III.

A.

OF

DYEING

Physical or mechanical action.
The iirst attempt to precisely state the nature

of the process o±
stated. that

dyeing was made by Hellot in 1734.

11e

the fibers of wool contained many tiny pores

vhich possessed the ability

to

open and close.

The assump-

tion was made that hot water yvu1d open these pores, allowThe process

ing the molecules of the dye to enter.

v1as

completed by the addition of some substance which formed
a

cement over the dye with the subsequent cooling.

also suggested that

a

Hellot

fugitive color might be fixed if the

proper astrïngent could. be fornid.
(?4)

Le Pileur dApligriy7iater supported the above

theory and extended it to other fibers such as cotton,
silk, etc.

flax,

He accounted for the different dyeing properthe variation in

ties of the different fibers as due

to

the physical nature

.1ool

ol'

the fibers.

was considered to

be perforated with an infinitude of orfices or interstices

caused by the removal of fatty material from the hair.
on the other hand, was considered as a dried animal

Silk,

jelly, with pores only on the surface caused by inequali-

ties in drying.

By means of this theory the differences

in dyeing due to methods of preparation of the fiber were

expia ne d.
1.

For about one hundred years

after the proposal of

this theory, there was little done in adding to or elaborating on it. In 1844 Walter Crurn, (13) working under
different conditions of dyeing, and. with greater knowledge
of fibers and general science, proposed the following as an
explanation of the nature of the process of dyeing. He
(24)
based his conclusions upon the work of De Saussure/who
studied the adsorption of gases and other material upon
charcoal, vthich adsorption was due to capillary action.
24)
Further he noted the work done by Thompson and Bauer/upon
the nat1re of the fibers by means of the microscope. As a
result he concluded. that the dye vas imbibed into the cavities and. pores by the capillary attraction. This property
of the fiber was further attributed. with the ability to
decompose the mordant within the pore, and the oxide thus
formed is effectually held in position. When, therefore,
the washed fiber ws placed. in the mordant bath, the dye
and the mordant combined chemically to form a dye lake.
The arguments ujon Nhich these theoretical considerations are based may be briefly summarized as follows:
(1) If it is assumed that the mordant enters into
chemical combination with the fiber it must lead to the disintegration of the fiber. Such is not the case, as was
(

shown by removing

the mordant by chemical means.

7

Under the microscope the color is distributed

(2)

on the internal part

oÍ'

the fiber.

The dyeing with indigo 'blue supports the idea

(3)

that there is no chemical combination, in the proper sense
of the word,

between the fiber and the dye, when the nature

of the reaction is considered.
It is ïnteresting to note that

may be discarded in its full form,

contributed to it introduced

a

although this theory

the investigators who

new method of investigation,

namely the microscopic study of the fiber before and after
In spite of the fact that a great deal of evidence

dyeing.

contradictory to this theory has been presented, Craven (10)
holds that it has not been improved upon to any extent.

At

any rate it was some time until these ideas were directly
attacked..

Even up to 1918 the mechanical theory of dyeing

found supporters (El).
B.

Solid Solution Theory
The phenomenon Df solid solution was first noticed

in 1890 by van't Hoff.
er was brought

mixed salts.
was universal,
or

The solution of one solid in anoth-

forth to explain the nature of alloys and
There was no suggestion that the phenomenon
but

just the statement that silver and lead,

sodium and potassium sulfate, were capable of dissolv-

ing in each other under proper conditions.

Shortly after

E*J

this, Witt

(20)

advanced the hypothesis that dyeing might

be a case of solid solution.

The idea presented was that

the fiber acted as a solvent for the dye, and that the dye

was not only held by the fiber, but entered into solution
in it.

Witt considered the dye to be in the same state as
the oxides which are soluble in precious stones.

The idea

supported by the fact that fibers are dyed

and not

is

red.,

bronze green, by magenta; while also fibers are dyed blue
by aniline blue instead of bronze green.

A further con-

firmatory fact is that rhodamines will flouresce only in
solution,
is

and they do so on fibers.

The fact

that magenta

taken up by silk was explained by assuming that it is

more soluble in silk than in water, and as the dye is more

soluble in alcohol than in water it will not be taken up
so readily from that medium.
J.n

analogy may be drawn by comparing the dyeing

of cotton by magenta to

the action of

tion of resorcinol in water.

benzne

on a solu.-

The relative solubility

of the resorcinol is so much in favor of the water that
the benzene cannot absorb

it.

On the other hand ether is

able to remove the resorcinol from the water.

In thïs way

the action of ether is compared to the action of silk on
a

water solution of magenta, vihile the action of the

benzene is compared to that of

a

cotton fiber.

The weak points of this theory are:

The conception

of solid solutions does not allow any such wide comparison
to ordinary solutions.

Io facts have been brought forward

that would allow such an arbitrary extension
of

0±'

the theory

solid solutions to cover the reactions which take place

in dyeing.

Solution is known to belong to the class of re-

versible processes, and the dyeing process is not reversible.
In spite of the apparent weaknesses of this expian-

ation

ol'

the process of dyeing it was tenaciously clung to

as the best

explanation by such investigatôrs as Cross and

Bevan (11) until the beginning of the twentieth century and
at

the present time is thought by Mullen

(30)

to

offer the

best explanation of the dyeing of acetate rayon and nitro-

celluloses.

A

recent theory advanced by Briggs

(8)

has as

its basic principle the substance of this idea.

C.

Chemical Theory
If it were possible to prove that the many and

varied operations of dyeing were governed by the laws that
control ordinary chemical reactions, it is apparent that
our knowledge of the subject is at once put upon a simple
and satisfactory basis.
out that

As early as 1737 Dufay pointed

dyeing might possibly be

a

chemical action, which

view found support from many investigators (38).
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The modern investigators who favor this theory

base their conclusions largely upon the fact that animal
fibers possess both acidic and basic properties.

The

fiber itself will then combine chemically with the dye,
'jiiich

in .ihich case there would

is either basic or acidic,

actually be salt formation.
contain both

amìnarboxy1

The fact that animal fibers

groups is then the basis of

this theory.

Should the action be

strictly chemical one,

a

should follow that there will be

adsorption which is at

a

a

it

point of maximum dye

point where the combining ability

of the fiber is all used up.

Results to this effect were

put forward by Knecht and Appleyard (26),

vho

found that

picric acid and naphthol yellow combined with wool in the
ratio of their molecular weights.

However they also found

that tartrazine did not conform to this.

have contributed evidence

to

this effect,

Marker and Gordon
(28),

but upon

repetition of their work, Víeiser and Porter (39) failed to
obtain confirmatory results.
That dyeing is strictly

a

chemical process in all

cases has been pretty well refuted, although many investi-

gators believe that chemical action no doubt plays some
part in the process.

The conflicting nature of the evidence

of a simple chemical theory may be fully realized from the

following facts.

(15)

13

1.

dï-,

and.

Amino-azobenzene will not dye cotton, vihile

tri-aminoazobenzenes will do so.
2.

In Naphthylenediamines the position

o

the

amino group determines the dyeing power.
3.

While B-naphtholsulphonic acid. R.

dyes wool,

suJíanilic acid. has little affinity íor wool.
4.

Colorless sul±'onic acids have no affinity

animal or vegetable fibers, with the exception

thiotoluidinesulfonlo
5.

Azobensene m-m'- disulfonic acid and P-azoben-

azobenaene from

is not

dehydro-

acid.

zene-sulfonic acid dye wool from an

6.

off

mr

acid. bath,

and P-oxy-

basic bath.

a

The sodium salt of azobenzene p-sulfonic acid

capable of dyeing wool.
7.

is dyed with

If a cloth made of a mixture of silk and cotton

certain dyes, and the cloth then immersed in

a

solution of ammonium acetate, the dye is removed from the
silk but not from the cotton.

From these facts

it

is

apparent that if we adopt an

explanation of dyeing which is strictly chemical,
tions will be of

a

very complex nature.

hold that while dyeing is

a

the reac-

Many investigators

more complicated process than

could be explained by any simple chemical reasoning, chemical reaction plays an important role in the total process,

and in some cases is the only or at least the principal

factor involved.

1
Lanaka (27)

determined the adsorption of various

dyestuffs from aqueous solutions by 1rapanese acid. clay.

Be concluded that the adsorption of the dye depended upon
the nature of the dye and of the surface of the clay.

A

strictly chemical explanation was offered,

the statement

being made that active silicon dioxide has

a

valence which attracts basic groups.

residual

The amount of dye

adsorbed will then depend upon the activation of the silicon dioxide.

This is

ckart

uy

(16)

a

difficult factor to measure.

states that coloring matter is primar-

adsorbed according to Freundlich's law

and is fixed chemically secondarily.

ol'

adsorption,

Mullen (29) holds

that the chemical theory is the best explanation

dyeing of wool and silk,

0±'

the

and although this theory has obvi-

ous falacies, they are not so great as those o± other

theories for explaining the dyeing of wool and silk.

D.

Colloidal theory of dyeing.
An attempt to explain dyeing from

a

standpoint of

heterogeneous systems rather than from that of homogeneDus systems was a logical development.

It

followed

naturally from the fact that the materials that are being
dyed are colloidal in nature as well as the dye itself in
most cases.

(5,

in discussion,

7,

ei).

For the purpose of convenience

the colloidal theory will be divided into

13

three parts, as there are that many views as to what

colloidal principle applies in this case.
1.

The first clear statement that dyeing was

case of adsorption,

and could be regarded as

similar to that of the adsorption of
was made by Hiíbner in 1907.

(5).

a

a

a

process

gas on charcoal,

He states that his

experiments prove that dyeing is an adsorption phenomenon
and.

takes place in practically the same fashion whether

the adsorption is upon charcoal,

animal or vegetable fibers.

His studies were made only upon charcoal however.
This theory
in many publications

ws

taken up by Bancroft and expanded

(1,

,

3,

4,

5).

BancroftTs chief

contribution to this theory might be said to be the fact
that due to his publications a great many men became

interested in the field.
out however;

cases,
law,

Two other facts should be pointed

first that he showed definitely that,

in some

the process of dyeing followed Freudlich!s adsorption

and second,

that he emphasized the importance of hydro-

gen ion concentration.

Briggs and Bull (8) carried out an investigation of
the adsorption of acid and basic

tempt

to apply this

dyes upon wool in an at-

theory to that system.

They rigorously

controlled all variables as far as possible, paying special
attention to the pH.
f ou.nd.

s

a

result of this experiment

they

that the adsorption of the dye varied continuously

14

with the pH.
a

They found. no indication of the formation

compound, which would have manifested itself as

a

ol'

sudden

break in the curve when pH was plotted against the percentage of the dye adsorbed.

by

This work was largely confirmed

ieiser and Porter (39) using an entirely different

system.

Burns and Wood (9) point out the fact that the

hydrogen ion has

a

greater effect upon the adsorption of

dyes than multivalent ions such as the phosphate.

They

further state that the dyeing properties are influenced
in the same manner

in the case of dyeing textile fibers.

Boxaer (7) has further pointed out the importance of the
pH of

a

dye solution in relation to the ability of the dye

to be adsorbed.

2.

The electrical theory of dyeing

Perrin (p2) in 1904, first proposed the electrical
theory of dyeing.

His conclusions were based upon the

following facts:
(1)

Any two dissimilar bodies when placed in

contact with each other will become oppositely charged with

electricity.
(2)

Bodies charged with opposite kinds of

electricity attract each other.

15

(3)

Bodies with the same electrical charge

repel one another.

It has

been shown (5) that the dye-

stuffs are electrically dissociated in water, or in some
cases carry

a

charge due to their colloidal nature.

materials wìich are commonly dyed, wool,
acquire

a

The

silk, and cotton,

charge when they are placed in water.

This has

been demonstrated, and the actual charge determined in
some cases by Kanarnari (25).
As a result of his studies Perrin postulated the

following:
(1)

The greater the dissociating ability

liquid used in the dyeing process, the greater

he

o

ri11 be

the charge upon the fiber being dyed.
(2)

The effect of acid. is to make

upon the fiber more positive.
negstive charge, the sign may

ions

',rhich

fiber.

II'

he charge

If the fiber carries a
'be

reversed.

(3)

Bases have the opposite ef±ect.

(4)

As to the effect of salts he states

'uil

'be

that

adsorbed will effect the charge of the

the positive ion is adsorbed upon a fiber,

the

charge will become more positive, the opposite being true
if

the negative ion is adsorbed.

the higher

effect.

the valence of the ion,

Ie further states that
the greater vïill be

the

16

Vitorov and Lebeder (35, 36, 37) in

a

series

ol'

interesting investigations have pointed. out the importance
0± the nature of the electrolytes present in the dyeing
Drocess. In the first article oi this series they shovïed
that the precipitating eífect o electrolytes on substantive dyes increased accordiw to the valence oÍ the cation
o
the electrolyte. This fact is in full confirmation o
the general theory o± precipitation of colloids from sols,
and. may have been predicted from the Perrin theory on the
basis o the fact that cataphoresis experiments have shown
the substantive dyes to carry
second publication the

a

results

negative charge.

In the

oÍ a study on a number of

that the effect of the
electrolyte is specific in each case, and the significant
fact that a technical dye did. not differ in action from
the pure dye. In the third paper appeared a series of
effectiveness of various ions in the precipitation of
Benzo pure blue, which may be compared to the Hofmeister
series. The ions are listed in the order of their increasing effectiveness: NH4, Na, K, Mg, Ni, Mn, Zn, Cd, Al.
dyes appeared, with the statement

Harrison (19) determined the relative
charge upon various particles and in dyeing experiments
found. that the d.yeing proceeded as might be predicted from
Gee and

Perrin's theory.

They conclude

their consideration with

17

the statement that the electrical theory explains how one

type of coloring material is selected in preferance to

another, but that there still remains the important question
as to how the color

is fixed upon the fiber.

They give the

hypothesis that the primary action of dyeing depends upon
electrical attraction, which may be followed by mechanical

action and colloidal precipitation.
3.

In 1910 Dreaper

(15)

conducted some experiments

on the adsorption o± dyes on protein fibers and was
to

i.uiable

explain his results on the basis of any of the theories

preceding pages

mentioned in the

of'

this paper.

s a

re-

suit of this investigation he postulated that dyeing was

intimately connected with the phenomenon of osmotic pressure.
This idea

.ias

again brought forth by Rinoldi(32) in 1930.

Re stated that while dyeing was an adsorption phenomenon,
due primarily

to adhesion,

undoubtedly was

a

and porosity,

osmosis

factor.

E16d. in 1931,

to

contact,

(17,

18)

and again in 1933 attempted

demonstrate that the dyeing of wool proceeded in the

following fashion.

Ris studies were carried out using

picric acid and wool.

In the dyeing of wool,

the first re-

action is the formation of the protein salt of the acids
added to the dyebath.

Following this, the dye ions are

adsorbed and an eq.uiiibrium according to the Donnan equilibrium law is established.

At this time

1d

has not

stated the theory in mathematical form, but such

a

state-

Partial confirmation.

ment is promised in the near future.

of this theory comes from the fact that wool fibers are

evenly dyed throughout the interior of the fiber.

He states

that the effect of the hydrogen ion is first to determine

the amount of the dye that will be adsorbed,

determine the rate of adsorption,

and second to

hence the evenness

and.

with which the dye is deposited.

perimenta1 Procedure

IV.
A.

Effect of concentration of the dye.

Adsorption of methylene blue from various concentrations of the dye
talc.

'vas

studied upon cellulose, kaolin,

One gram samples of each of these were weighed into

120 cc. Erlenrneyer flasks.

Dye solutions were then made up

by weighing out a sample of the dye,
of this

and

to the

and.

desired concentrations.

diluting samples

Exactly 100 cc. of

these dye solutions were pipetted into each of the flasks.
The flasks were then corked,

given

a

thorough shaking,

being careful that none of the solution touched the cork,
and. set

aside until the next day.

No attempt was made to

control the temperature, as it would probably be a minor
factor, due to the fact that if there was any change in
temperature, the whole of the series would be subjected to
the same change.

Approximately 50 cc. of each of the so-
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lutions was carefully withdrawn by means of

a

pipette,

care being taken that none of the solid material was re-

These solutions were analyzed for dye content by

moved.

color comparison against solutions of known concentrations

using

a

ett

colorimeter.

The amount of dye adsorbed was

expressed as mg. per gram o± adsorbent, and the equilibrium
concentration as mg. per loo cc.
B.

The effect

of pH

o±

solution.

-Mclllvaine's buffers.

The effect of pH was first studied by holding the
dye concentration constant, and varying the pH with

Mcllvaine's buffers.
of cellulose,

talc,

In this case seven one gram samples

kaolin, and alumina,

weighed into 120 cc. Erlenmeyer flasks.

respectively, were
The buffer solu-

tions were made up in steps of one pH unit from 2.2 to

8,

with the exception that the first step was from 2.2 to 3.0.
500 cc. of each buffer solution was made up.
!;ion

was made up very concentrite&,

The dye solu-

so that 10 cc.

added to

490 cc. of buffer solution would give the desired concen-

tration.

100 cc.

of

each of the buffer solutions, now con-

taining the dye in equal quantities, was added, by means of
a

pipette,

to

each of the adsorbants mentioned above.

The

fl2sks were carefully agitated after being corked, and set
aside until the next day.

On the following day approxi-
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mately 50 cc. of each was withdrawn by means of

a

pipette,

care being taken not to take up any of the solid material.

These solutions viere analyzed by the same method as was
The percent of adsorption was then

described above.
calculated.

C.

Effect of pif -sodium hydroxide-aluminum sulfate
solutions.

The use of Mcllvaine's buffers was discontinued
because it was decided that perhaps the high salt concentra-

tion of the buffer solutions might be exhibiting an effect
as great
oí

or greater

the work the

pff

than that of the

it

As this precipitated

became possible to study the adsorption on

alumina also.
sulfate,

In the remainder

was varied by adding sodium hydroxide

solutions to aluminum sulfate.
alumina,

pli.

Six one gram samples of cellulose, barium

titanox B, china clay, and albolith,

were weighed into 120 cc. Erlenmeyer flasks.

respectively,
A dye solu-

tion was made up so that its concentration vas exactly four

times as great as

vias

desired. for the experiment.

Iext

a

series of six solutions of sodium hydroxide of varying

concentration was made up.
to 0.4 per

cent.

A solution of alum was made up

The required concentrations of the sodium

hydroxide solutions were determined in

a

preliminary study

in which varying concentrations of sodium hydroxide were

2].

added. to a solution o±

tue alum and the pH determined.

next procedure was to pipette 25 cc.
into each o±

o

The

the dye solution

the flasks containing the adsorbants,

and.

in

addition into six expty flasks which were to become the solutions in thich the adsorption on alumina was studied..
25 cc.

of'

each of the solutions oÍ sodium hydroxide was

then added to the above flasks so that to each adsorbent,

including the alumina, six different concentrations of

sodium hydioxide

had.

been added..

50 cc.

of the 0.4 percent

alum solution was then added. to all of the flasks.

flasks were corked, carefully agitated.,
the next

day,

and.

The

set aside till

when the solutions were compared

'by

means of

the colorimeter to solutions of known concentration of dye.
The results were calculated. as total percent

over that of the primary standard.

were not highly buffered the

pli

In that

adsorption
the solutions

was determined in each of

the solutions containing only the alumina by means of the

glass electrode

D.

(29).

Materials
he dyes used in this work were supplied by the

General Dyestuff Corporation, through the courtesy of
H.

A.

Des Marais.

They are all commercial dyes that are

used in the paper industry.

Methylene Blue and Victoria

Green are basic dyes, Orange R.

O.

and.

lizarine Blue are
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acid. dyes,

and Direct Red and Brilliant Benzo Blue are

direct dyes.

Methylene Blue,

The structural formulas f

Victoria Green,

Alizarine Blue,

and.

Direct Red appear below.

The fillers used in this viork were supplied by the

Portland Branch of the Papermaker's Chemical Corporation.
After they were received, they were screened,
that material that passed an 80 mesh

100 mesh screen was used.

and.

'.vas

and only
retained. on an

Albolith and titanox B are com-

mercial fillers that are composed of several substances.
The other materials are composed of only one substance
as the names indicate.

TAL RESUlTS

V.

.

Adsorption of MeThylene Blue at Different
Concentrations.
The experimentally determined

in adsorption

.vith

ta for the

variation

concentration are presented in iable

and graphically shown in Figure
taken on kaolin, talc,

and.

I.

I,

This study was under-

cellulose for the purpose of de-

termining if the adsorption of dyes ..ould proceed. according
to

Freundlich's adsorption law.

This law is empirical,

may be mathematically expressed as follows:

()

and

kc1''

where x is the amount of material adsorbed., m is the amount
of adsorbing material,

k and n are constants,

concentration in the solution at equilibrium.

and. e

is the

In this case
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Methylene Blue

/

=

____

-

c /,

c

Victoria Green

c;O OH

Alizarine Blue

e,r

c/"j

Q
'I

o
IVA

Direct

Red.
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TABLE

I.

Adsorption of Meth\r1ene Blue at Different
Concentrations
Cellulose

Kaolin

Conc'n of
dyebath in

Equil.

rng./lOO cc.

Conc'n

in mg.

0.348
1.028
3.570

0.642
0.972
1.430

---

---

1.000
2.000
5.000
10.000
15.000
20.000
30.000

d's

13.005

Equil.

.d's

Equil.

Ad'S.

Conc'n

in mg.

Conc'n

in mg.

----2.46
--9.70

1.995

---

Talc

17.85

-----

----0.135
30
--10.54
19.41

7.54

10.30
12.15

m is equal to one, so the equation becomes: x

4.865
7.70
9.46
10.59

-kc1/X.

Taking the log of both sides of the equation it becomes
log x

log k

log

e.

the amount adsorbed Cx)

It

is apparent

is plotted against the log of the

equilibrium concentration (e),
a

that if the log of

the graphic result ;vould be

straight line.
In plotting the results obtained in this work,

the

amount of the mteria1 adsorbed was plotted. against the

equilibrium concentration on log paper.
Uien drawn through the points.

from

a

If any definite trend away

straight line was noticed, it vïould signify that the

taking up of the dye
at

A straight line vías

least

a

"ias

not a true case of adsorption,

ease of stmple adsorption.

It vílil be

that no such trend is evident in Figure I.

or

noticed

This demonstrates

that the taking up of methylene blue by cellulose,

talc,

and

under the conditions of this experiment, an adsorpt ion phenomenon.
kaolin,

is,

Fi9tire IT
'3. D

/0

________________

-e___

E

o
Q-

L

o
(J

J.

6
#3

_ _ _

0.3

1.0

E9u1!ibKIVt?l
TIE Ta/c

2.0

1('?centrat,op7
1ZT

Ce//u/ose

..o

¡rl

t?lq/Jûocc.

'j
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adsorption

B.

o

Methylene Blue vs. pH.

The results ±or the adsorption

iferent

at

pli

tion on kaolin

o

Methylene Blue

v2lues are given in Table II.
and.

other substances,

The ad.sorp-

talo is much greater than that on the
and. f'or

that reason a greater concentra-

tion o± the d.yebath was used. in these two cases.
a

There is

deíinite trend in all of the materials except alumina to

adsorb

p.

a

greater percentage

o

the dye with an increase in

This is exactly what one would expect

i±

a

colloidal

viewpoint of dyeing was accepted, for as the pH is increased,
the charge upon the particles becomes more negative,

and

hence the positive dye ion would be more strongly attracted.
This trend could also have been predicted. from the general

statement made by Bancroft (6) that the basic dyes are more

highly adsorbed in basic solutions.
The adsorption upon alumina does not follow this

general trend, but tends to rise to
again as the

pli

increases.

a

maximum and then fall

It might be pointed. out at

this

time that the results shown in this table indicate that the

adsorption upon alumina is not very great.
case in the rest of this work,

alumina shows

a

his is not the

for freshly precipitated

far greater adsorption ability than was

demonstrated in this case.

The reason for this is that the

drying of alumina changes two of its physical characteristics,

the ability to become wet,

and the nature of the sur-
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TjBLE II.
Jd.sorption of Methylene Blue

Orig.conc'n.,0.2 g./l.;

pli

controlled by Mellvaine's bu±Ters

Percent adsorption
pH

Alumina

2.2

Talc

Kaolin

59.0

76.9

8.8

Cellulose

3.0

6.9

64.0

83.0

9.9

4.0

12.5

59.7

81.0

15.0

5.0

15.7

67.8

82.5

12.0

6.0

11.0

73.5

87.0

14.5

7.0

9.9

79.5

92.0

15.3

8.0

8.3

80.5

96.4

20.6

race itself.
culent,

Freshly precipitated alumina is very l'bo-

and. l'or

a

given weight possesses

a

greater surface

area than the dried alumina.
In the rest o± this work alumina is present in all
ol'

the solutions,

a

factor that perhaps leads to

sorne

plication, but is consistant with commercial practice
the

dyeing of paper,
C.

comin

even to the amount present.

Adsorption of Methylene Blue vs.

pli.

The adsorption of Methylene Blue on alumina as shown
in Table

III, was of

experiment,

the same nature as in the preceding

for there was a marked tendency

l'or

the adsorp-

tian to rise to a maximum and decrease thereafter as the pH

ABLE III.

Adsorption

Methylene Blue

o

conc'n., 0.2 g./l.; pH controlled by Al2(SO4)3
solutions.

Orig.

Percent
pH

Alumina

Alumina-t-

Cellulose

.Ad.sorpt

alumina-i-

China
Clay

-

NaOH

ion

Alumina
BaSO4

Alumina-tTitanox B

.Alumina
Albolith

11.4

89.6

1.1

1.1

2.0

1.0

8,2

93.8

0

0.

3.0

4.90

6.0

21.7

74.3

10.5

12.0

11.4

5.41

9.7

20.7

82.2

6.1

6.1

7.9

5.83

5.2

21.7

95.0

9.4

9.4

10.4

6.87

8.1

27.6

25.8

9.2

6.1

8.7

3.73

0

4.21

increased.

The increase at ±irst was probably due

to the Thct

that the amount

Ing with incre2sed.

pli.

o

in part

alumina present was increas-

The decrease from the maximum can

be explained in terms o± the charge upon the particles from
a

colloidal viewpoint.

increase in

de

pli

It

is a vieil known fact that an

will tend to make the charge upon the parti-

more negative.

This effect vïould be exhibited. upon

both the dye and the alumina, but probably at different
rates, and hence

it

is

quite probable that the difference

in particle charge is becoming less with an increase of pH.

This is consistent with Perrin's electrical theory of dyeing.
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It \:111 be noticed. that

the ad.sorption of the dye

on the fillers followed the same tendencies as the adsorp-

tion on the alumina.

The maximum adsorption was in all

cases at about the same pH, ±al1ing between

of 5.4 and.

a pff

7ith the exception oÍ china clay the ad.sorption. was

5.8.

slight,

and.

was present.

ws

in some cases less than when alumina alone

Undoubtedly some of the alumina must have

been adsorbed. uDon the filler,

and. as

part o± the

adsor-

tion ability of both substances was used. in this fashion,
there was shown

a

lesser affinity for the dye.

enon appears throuhout the rest of the
more conspicuously in some cases.

sorption on cellulose,

This phenom-

work, and even

In the case of dye

ad.-

the percent adsorption continued. to

increase with increased.

due probably to the fact that

pli,

the affinity of this particular dye for cellulose increased

with an increase in

affinity

o±

at

pli

greater rate than does the

a

cellulose for alumina.

From this table

it

becomes apparent that for dyeing

paper, no matter what filler

tion would be in
a

a pli

is

used, the

iaximum adsorp-

range of from about 5.0 to 6.0.

For

highly colored paper, china clay .vould give the best re-

sults.

D.

Adsorption of Victoria Creen vs.

pli.

Data for the adsorption of this dye are given in
Table IV.
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TABLE

IV.

Adsorption of Victoria Green
Orig. conc'n., 0.3 g./l.;
solutions.

pii

-

controlled by Al2(SO4)

NaOH

Percent Adsorption
pH

Alumina

Aluinina* Aluminai- Alumina Alumina * Uuinina
China
BaSO4
Albolith Titanox B Cellulose
Clay

3.61

0

33.2

3.7

6.8

8.7

7.8

4.25

1.0

26.7

7.5

10.0

9.2

10.0

4.86

6.0

27.7

0.0

6.9

1.0

3.0

5.30

15.3

47.4

11.0

47.1

11.0

13.6

5.90

37.3

63.2

17.5

72.6

53.3

27.2

6.86

95.2

95.1

95.3

95.5

95.5

91.4

Even though Methylene Blue aud Victoria Green sre
both basic dyes,

and are therefore of

a

similar nature,

the dyeing follovrs a different trend for the adsorption

from solution.

The adsorption in the latter case increased

with an increase in

pff,

with

a

great increase as the basic

range was approached, showing good agreement with

the gen-

eral statement that basic dyes are better adsorbed in basic
solution.

Adsorption in the presence 0±'

filler was, in
alumina alone.

a

number o± cases,

the alumina,

less than that

The maximum adsorption,

most basic of the solution, seems

lumina and

to

a

on

:hich was in the

depend entirely upon

for in no cese was the adsorption much greater

than on this one substance.

Hence in the dyeing of paper
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with Victoria Green, the filler that is present

in the

vill have very little effect upon the color of

process

the product.

At other

pli

values,

however,

there was a

great difference in adsorption on the different tillers,

albolith and china clay adsorbing rather large amounts of
dye,

the

barium sulfate and titanox B have but

vrhile

slight adsorption ability, and in many cases the adsorption
is

less than on

1umina alone.

cellulose also.

This latter is true for

For the adsorption of Victoria Green in

the dyeing of paper the higher the

the amount

E.

pff,

the greater

be

':rill

of the dye adsorbed.

Adsorption of Alizarine Blue vs. pH.
Table V shows that adsorption of Alizarine Blue

increases with

From

a

pff

to a maximum and. thereafter

decreases.

casual inspection it appears that the statement

that acid dyes are better adsorbed in acid solution is

erroneous.

Such is not the case however,

for it must be

remembered that with an increase in pH the amount o±
alumina increases, and that none was present at
3.96.

It

cellulose

nil be noted that
:nas

at this

a

pH of

pH the adsorption on

rather large, no alumina being present.

the higher pH values

At

the adsorption on cellulose and

alumina was not much different than on the alumina alone.
The preceding statement

is siso true for

ll of the fillers
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TABLE V.
Adsorption of Alizarine Blue
conctn., 1.0 g./l.;
solutions.

Orig.

pli

controlled by Al2(504)3

- NaOli

Percent Adsorption

Alumina

pli

Alumina
Alumina -t- Alumina-*- .Alumina+- Alumina-tCellulose Titanox B Al'oolith China
BaSO4
Clay
-t-

2.96

0.0

36.5

0.

4.39

79.8

82.4

78.8

5.84

97.7

96.6

6.25

97.2

6.63

8.4

6.2

0.

0.

84.3

79.1

75.4

97.7

97.1

97.3

98.2

96.4

94.2

96.3

95.9

97.0

93.3

95.9

94.3

95.2

93.9

95.5

65.0

47.8

--

--

-_

53.4

and the greatest variations ;vere those vrhere the adsorption
was less in the presence of the tiller.
the table
of'

it

From

a

study of

becomes at once apparent that in the dyeing

paper with this particular dye, the controlling factor

is the adsorption on alumina.

If,

then,

the

pli

is adjusted.

for this adsorption on alumina, the best results will be

obtained.
to 6.63.
2he

The range in

One

'.ïould

p1-i

for this case is from about 5.48

expect very good adsorption.

behavior of this dye from

may be understood from the statement

a

theoretical standpoint
of Bancroft's

dyes are better adsorbed in acid solutions,
in adsorption with

p1-I

in the lower ranges

precipitation of alumina.

that acid

where the increase

is caused by the

In terms of the electrical

35

theory of Perrin, we must consHer that the particles o±

both the dye and the filler,
more negative in charge,
the difference

but at

cellulose, are becoming

different rates, so that

in charge is becoming less.

dsorption o± Orange R.

F.

The adsorption

vs. pH.

O.

Orange R. O., as given in

oÍ'

Table VI, was very similar
Blue.

or

to

that noted for Alizarine

There was the same tendency for the percent

adsorption to increase with pH, and hence the amount
of alumina increased,

decreasing.
at

the

rising to

maximum and thereafter

Maximum adsorption was noted in all cases

same pH at

vhich maximum adsorption on alumina

occurred, between pH 4.95
percent

a

adsot;in

v.ras

and. 5.44,

noted

but a greater

3r albolit-ì and. china clay

than for the alumina alone, and for this reason either
one or the other of these fillers should be used i± S

highly colored paper is desired.
cellulose did not show

a

marked difference from the ad-

sorption on alumina alone.
far less than that

o±'

The other fillers and

Ad-sorption of this dye was

Alizarine Blue.

The same

cal considerations apply as for Alizarine Blue.

heoreti-

2ABLE VI.

Adsorption
Oria. Conc'n.,

solutions.

pH

Alumina

3.66

0

4.19

3.5

4.96

of

Orange R.

O.

tra Conc'n

0.2 g./1.; pH controlled by Al2(SO4),.

1aI

-

Percent Adsorption
Alumina -t Alumina + Aluminai- A1umina Alumina4Cellulose Titanox B BaSO4
Albolith China
Clay
14.8

13.3

26.5

5.4

16.6

6.1

12.3

12.3

16.1

42.7

42.3

36.8

41.5

--

46.3

5.44

34.4

33.1

32.7

40.6

69.7

64.5

6.27

26.2

28.6

31.4

36.9

69.1

39.5

--

34.2

--

--

25.0

7.2

G.

--

6.0

Adsorption of Direct Dyes
10 determinations viere made on direct dyes for

several reasons,

the

most important being that as

they changed color with
Sons were impossible.

pff

a

rule

changes and here color compari-

Two exap1es, Brilliant Benzo Blue

and Direct Red, were studied,

highly adsorbed on alumina.

however, and found to be
A feature that

is o±

interest

with these dyes is that the color acid is precipitated,
some cases quite slovyly,

studied.

at

the

in

lower end of the pH range
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COICLUSIO1S

VI.

Ad.sorption of &yes,

cases studied here, is

a

even in the relatively simple

complicated. phenomenon :zhich

cannot be explained. satisfactorily in terms of any existing

theories.

The best explanation seems to be that the process
in nature and. such Thctors as

is colloidal

centration,

are influential.

etc.,

It

vias

pli,

salt

con-

demonstrated.

that the adsorption of Methylene Blue from water solution
is

a

true adsorption phenomenon,

factors are influential.

but undoubtedly other

None of the colloidal theories

offer complete explanation, but it seems likely that each
has its place in offering partial explanation.

Alumina,

a

material present in all cases of paper

extremely important factor in the process.

dyeing,

is an

In most

cases the greatest part of the dye is adsorbed by
The maximum total adsorption was in each

this material.

case at the same

pli

as

the greatest adsorption on alumina.

Ad.sorption of Victoria Green increased 'iith an

increase of
other cases,

pli

throughout the entire range, but in all the

the maximum adsorption was between the

pli

of

about 5.0 and 6.0, which would indicate that control of
is a

very important factor in the dyeing of paper.

pli

This

importance may be further realiied from the fact that at
a pff

either greater

the maximum,

a

great

r

less by

a

small amount than that for

difference in adsorption is usually noted.
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VII.

SUI2VLARY

ad.sorption of Methylene Blue from 'rater

L'he

solutions of different concentrations was studied and

found to follow Freundlich's adsorption law.
of Methylene Blue at

different

pii

adsorption

values, where the

was controlled by means of Mcllvaine's buffers,
a

rather stecdy increase with increased

pli

showed

with the ex-

pli,

ception that on alumina the adsorption rose to

a

maximum

and thereafter decreased.
'.7ith

the same

-Nai

means of Al2(SO4)3
the

but with the

dye,

pli

varied by

solutions, adsorption followed

order in all cases as for alumina above.

adsorption of Victoria Green increased continuously
with increased

NaI

pli

when the

pli

In the higher

solutions.

was regulated by Al2(SO4)3
pli

values the adsorption

on the fillers and cellulose did not

the adsorption on alumina alone.

however,

showed

at lower

pIi

a

-

differ materially from

Albolith and china clay,

relatively great affinity for this dye

values.

A study of Alizarine Blue,

Al2(304)3

IaOH solutions,

adsorption was between

a

-

with pH controlled by

demonstrated that the maximum

pH of about 5.8 and 6.6.

Ad-

sorption was very great in this range but in no case
much greater than on alumina alone.

37

Adsorption of Orange R. O., with pH controlled as
above, proceeded cuch as for Alizarine Blue,

the maximum

adsorption falling between about pH 4.9 and 5.4.
tion on albolith

ind china clay was much greater

Adsorpthan on

alumina alone, but for the other substances this was not
true.

Adsorption

of

this dye was not so great as for

Alizarine Blue.
A colloidal viewpoint was adopted,

as far as

possible, for the explanation of the process of dyeing
in the cases studied.

That alumina is very important in the dyeing of

paper was demonstrated.
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